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PREFACE 

International Conference on Engineering Technologies (ICENTE'17) has been 
organized in Konya, Turkey on 07-09 December, 2017.  

The main objective of  is to present the latest research and results of 
scientists related to Electrical and Electronics, Biomedical, Computer, Mechanical, 
Mechatronics, Metallurgical and Materials Engineerings. This conference provides 
opportunities for the different areas delegates to exchange new ideas and application 
experiences face to face, to establish business or research relations and to find global 
partners for future collaboration. 

All full paper submissions have been double blind and peer reviewed and 
evaluated based on originality, technical and/or research content/depth, correctness, 
relevance to conference, contributions, and readability. Selected papers presented in the 
conference that match with the topics of the journals will be published in the Journal of 
Selcuk Technic,  

At this conference, there are 617 paper submissions from 10 different countries 
and 94 universities. Each paper proposal was evaluated by two reviewers. And finally, 
363 papers will be presented at our conference. 

In particular we would like to thank Prof. Dr. Mustafa SAHIN, Rector of Selcuk 
University; Prof.Dr. Omer Faruk BAY, Gazi University; Assist. Prof. Dr. Lilia 
GEORGIEVA, Heriot-Watt University; Journal of Selcuk Technic. They have made a 
crucial contribution towards the success of this conference. Our thanks also go to the 
section editors and colleagues in our conference office. 

 

 

 
Ismail SARITAS 

Editor 
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Abstract – In this paper, advanced decomposition capability of 
the multivariate empirical mode decomposition (MEMD) for 
emotional states recognition. MEMD is an advanced 
decomposition technique to analyze non-linear and non-stationary 
signals. Without a priori basis selection, a signal can be 
decomposed into a set of oscillations called intrinsic mode 
functions. Due to non-stationary and multichannel properties of 
the EEG signals, the MEMD based signal processing is proposed 
for feature extraction, and evaluated for emotion recognition. 
First, the multichannel EEG signals decomposes into IMFs, and 
then  time-domain and frequency-domain signal processing 
techniques including Hjorth parameters, power spectral density, 
entropy, and correlation are applied to obtain feature vector for 
valance and arousal scale recognition. The proposed MEMD 
based feature extraction is performed on DEAP emotional EEG 
data using artificial neural network, and the correct rates are 
compared to the previous studies.  

 
Keywords - Multivariate empirical mode decomposition, 

Emotion recognition, Valence and arousal scale, 
Electroencephalogram.  

 

I. INTRODUCTION 

Wo dimensional scaling namely cognitive emotional map 
is used for emotion recognition using EEG signals [1]. 

The valence scale in this 2D cognitive emotion ranges from 
negative to positive. So, valence score can state emotions from 
unpleasant feelings (e.g. sad) to pleasant level (e.g. happy). 
The arousal state is used to quantify activity or inactivity as 
low level (e.g. bored) to high level (e.g. excited). The valence 
and arousal scales are associated to the beta and alpha bands 
of the recorded EEG signals from the scalp [2]. Spectral 
properties in alfa band in EEG signals (8-13 Hz) are correlated 
with inactivity of the brain, while the beta band (14-30 Hz) is 
the indicator of brain activity. For this reason, the most 
popular and successful technique for estimation of the arousal 
level is the power ratio of EEG signal in alpha/beta bands. 
Valence level of a participant is also estimated frequency-
domain methods such as power spectral density (PSD) of 
EEG. Activation of the right hemisphere of the brain is an 
indicator of valence scale. Thus, PSD differences between the 
left lob and right lob are used to predict valence level.  
Shortly, valence scale is estimated using asymmetric properties 
of EEG signals while arousal level is based on band spectral 
properties of the EEG channels [2, 3]. However, emotion 

recognition using EEG signals is still a challenging study due 
to unknown brain functions subjective affectivity. 

“A database for emotion recognition analysis using 
physiological signals”, (DEAP) [3] is a recent study and a data 
set on the multichannel EEG recordings. The first proposed 
methods by the owners of the data set are based spectral 
powers of 32 EEG channels in alpha, beta and gamma bands 
with spectral power asymmetrical properties of the bands 
between the 14 channels of left and right lobes for 
classification For this dataset, accuracy rates of 62% and 
57.6% for high/low arousal and high/low valence scale 
recognition are obtained using spectral features, and leave-
one-participant out (LOO) cross-validation with naive Bayes 
classifier (BC). In another study, EEG recordings of the DEAP 
data set are classified using deep learning network (DLN) after 
principal component analysis (PCA). The correct rates of 

53.42% 9.4, and 52.03% 9.4 and for three (high, neutral 
and low) valence and arousal classification are reported [4]. 
For benchmarking purpose, the same feature extraction 
methods and LOO with the original study of the DEAP data 
set are implemented. 

In this paper, MEMD based emotional parameter estimation 
method is proposed to recognize the emotional state as 
high/low valence and high/low arousal. The MEMD algorithm 
is deployed to decompose multichannel EEG signals into 
IMFs, and these oscillations are analyzed using time and 
frequency-domain methods to cover each EEG channel 
properties with their asymmetrical differences. The 
performance of the proposed feature extraction based on 
MEMD and classification using artificial neural network 
(ANN) are performed on EEG recordings, and the 2-D 
cognitive emotional scales of the DEAP data set for 
benchmarking.  

 

II. MULTIVARIATE EMPIRICAL MODE 

DECOMPOSITON 

Empirical mode decomposition (EMD) was proposed as an 
advanced adaptive signal processing algorithm by Huang et al. 
in 1998 [5]. EMD is used to decompose a multicomponent 
signal into a set of amplitude and frequency modulated 
oscillations called intrinsic mode functions (IMFs) The EMD 
algorithm is basically consists of Sifting process based on 
envelope extraction. The detailed steps of the EMD can be 
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summarized as [6]. 
 

  
 

 

 

 Compute the mean of the envelopes, h(n) = [M 
(n)+ (  

  If h(n) satisfies IMF conditions, save it as an IMF (n)  = 
h (n), and remove h (n) from the signal; x (n) = x(n) - h(n). 

 
 

 
Finally, the original signal can be represented by the IMFs 

as follows; 

1

L

i
i

x n n r n  (1) 

There are two criteria in order to assume h(n)  as an IMF. 
First criterion is that the number of zero crossings and the 
number of the extrema must be equal or must differ by one at 
most. Second criterion is related to being zero mean process, 
the mean of the upper and lower envelope should be zero [5]. 

The EMD algorithm is revised and extended to enhance its 
capability on multivariate signal decomposition. The extended 
versions for multivariate signals are named bivariate, trivariate 
and multivariate empirical mode decomposition (BEMD, 
TEMD, and MEMD) [7-9]. These extended versions of the 
EMD have similar processes in the algorithm, but 
multidimensional envelope extraction is deployed [10].  

The multivariate versions of the EMD are more 
advantageous and practical than mono-component EMD for 
processing multichannel signals. For MEMD, the IMFs of the 
channels have close properties in time-frequency domains. For 
example, the first IMFs of the multichannel EEG have similar 
autocorrelation properties, frequency fluctuations or 
bandwidths. In case EMD is used for decomposition each EEG 
channel separately, the number of IMFs and their properties 
can change over each channel. 

The filter bank of the EMD and MEMD have also 
investigated, and it was reported that filter bank properties are 
also adaptive and dependent on the statistical properties of the 
signal(s) [11]. Also, the dyadic filter bank structures of the 
EMD and MEMD have been investigated using white 
Gaussian noise, and shown in Figure 1. 

Referring the Figure 1, MEMD splits the signal into a set of 
bandlimited oscillations.  Spectrum of the decomposed 
oscillations of the EEG signals is the main principle of our 
proposed method for emotional state classification. 

 
Figure 1: Multivariate empirical mode decomposition dyadic filter 

bank structure [9]. 

III. DATA SET 

DEAP emotional EEG is a multimodal data set [3] to 
analyze human affective states. It consists of 32 channel EEG 
recordings of 32 participants while watching video clips as 
stimuli. According to 10/20 electrode placement, 32 EEG 
signals were acquired with 512 Hz sampling frequency. After 
this recording phase, they were asked to assess their levels of 
arousal and valence scale using self-assessment manikins 
(SAM) [3] given in Figure 2. 

 

 
Figure 2: Self-assessment manikin. 

 
The valence from positive to negative (e.g. from happy to 

sad) while the arousal scales extends from active to passive 
(e.g. from excited to passive). In the study of the DEAP 
database [3], the emotional states were mapped into 2 level of 
arousal and valance states. High/low valence and high/low 
arousal states were classified. Thus, the four quadrants of the 
2D cognitive valence and arousal ranges are shown in Figure. 
3 [3], and these are adopted to low/high states. 

IV. MEMD BASED EMOTION RECOGNITION 

Filter bank of the MEMD based feature extraction is 
proposed for emotion recognition. Dyadic filter bank of the 
MEMD yields to band-limited multicomponent IMFs, and 
their time and frequency-domain properties such as entropy, 
spectral and correlation with asymmetrical changes are 
implemented as feature vector extraction. 
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Figure 3: Valence-arousal quadrants for 2D cognitive emotional 
state (e.g. high arousal and low valence is denoted as HALV). 
 

In the original DEAP study [3], 32 channel EEG signals are 
used, but we use recordings of only 18 EEG channels (8 left, 8 
right and 2 central channels in the frontal lobs) to reduce 
computational burden. The motivational and emotional parts 
of the brain exist in these lobs [2]. So, it is assumed that the 
selected channels in Figure 4 can include sufficient 
information about the emotional state. 

 
 

Figure 4: The selected frontal and central channels for feature 
extraction. 

 

Signal analyzing method namely PSDs, power, power ratios, 
entropies, and Hjorth parameters of the IMFs of eighteen EEG 
channels are extracted for arousal state estimation. Also, 
asymmetrical analyses are also obtained computing correlation 
coefficients, power differences, coherence, relative entropies 
and power ratios between 8 left and right channels. Also, the 
eight EEG channels are existed as virtual channels subtracting 
left eight channels from the right ones to enhance 

asymmetrical analysis. Finally, the proposed MEMD based 
emotional state classification is given in Figure 5.  

 
Figure 5: Proposed MEMD based emotional state classification 

scheme. 
 

After the multivariate IMFs are extracted, the given methods 
are applied to construct feature vector for classification.  
Therefore, 7419 dimensional feature vector is extracted for 
one emotional state. Due to high dimensional feature space, 
Independent component analysis (ICA) [14] is used for 
dimension reduction of the proposed feature set. After that, 40 
valence/ arousal levels belonging to a participant are used as 
testing data, while the others’ levels are used for training. This 
type of validation called LOO cross-validation is performed to 
evaluate the accuracy of the proposed MEMD method with 
and ANN classifier.  

V. RESULTS 

The proposed MEMD based method is performed on the 
publicly available DEAP emotional data set. High/low valence 
and high/low arousal emotional states of the 20 participants are 
classified using the proposed MEMD based features with 
ANN classifier. After, extracted 7419 dimensional feature 
vector is using MEMD method, the huge dimensional space 
are reduced to 250 independent components (ICs) referring the 
retained 97.24% of eigenvalues shown in Figure 6. After that, 
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they are used as training and testing data in the rest of the 
study. 

 
Figure 6: Corresponding eigenvalues of the extracted feature set. 

 
40 valence and arousal emotional states of each participant 

are used as testing feature vector, and the other samples are 
used for ANN training, respectively. Thus, LOO cross-
validation scheme is implemented. The proposed MEMD 
based features are evaluated using ANN algorithm consisting 
of two hidden layers with up to 20 neurons. The classification 
results of the proposed method are shown in Figure 7. 

 
Figure 7: High/low valence and high/low arousal classification 

results. 
 

The proposed method with ANN and LOO cross-validation 
method yields correct rates of 72.87% ± 4.68, and 75% ± 7.48, 
and for high/low valence, and high/low (H/L) arousal, 
respectively. In addition to these average rates, the lowest 
score is obtained as 65% for the 11th participant while the 
highest arousal accuracy level is of 95% for the 13th 
participant. The lowest and highest valence scores are 65% 
and 82.5% and for the 1st and 5th participants. Finally, the 
proposed MEMD based emotional state classification is 
compared to the papers which DEAP data set is used, and the 
results are given in Table 1. 

 
Table 1. The comparison of the proposed method with 

previous studies. 

VI. CONCLUSION 

A multivariate empirical mode decomposition (MEMD) 
based EEG signal decomposition is proposed for emotional 
state classification as high/low valence and high/low arousal 
states. Publicly available multichannel and multimodal 
database called DEAP emotional EEG dataset are used for 
comparison and benchmarking. The accuracy rates of the 
emotion recognition of the proposed method are evaluated and 
compared with the previous studies. The decomposed 
multivariate intrinsic mode functions (IMFs) of the EEG 
signals are analyzed using power spectral density, Hjorth 
parameters, band power ratios, entropy, correlation spectral 
power asymmetry, and coherence. The accuracy rates of the 
proposed methods indicate that our method outperforms the 
previous studies which use the same EEG data set. Neural 
Network classification yield the accuracy of 72.87%, 75% for 
valence, and arousal states, respectively using the extracted 
features. 
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Study Recognition Accuracy (%) 

Koelstra al. [3] 
H/L arousal 62.00 
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Jirayucharoensak et al. [4] 
H/L arousal 52.03±9.74 
H/L valence 53.42±9.64 

This Study 
H/L arousal 75.00±7.48 
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Abstract - Additive manufacturing, in other words three 
dimensional printing technologies has entered our lives by the 

easily to additive manufacturing technologies. Three dimensional 
printing technology, although some limitations, is evident not 
only in design but also in terms of production for future years. In 
this study, the importance of medical imaging in diagnosis and 
treatment has been researched and the use of models produced in 
three-dimensions after the processing of imaging data has been 
investigated in medical field. Researchers have shown that; three 
dimensional models are great benefit in various biomedical 
researchers, to training of medical students and to planning 
before surgery. Innovations such as the decrease of production 
costs in the coming years with development of three-dimensional 
printing technology, faster anatomical modeling and direct 
bioprinting of organs will further expand in field of medical used. 
 

Keywords - Additive Manufacturing, 3D Printing Technologies, 
Medical Imaging, Bioprinting. 

I. INTRODUCTION 

he technologies of manufacturing industry improves 
according to needs of individual and times. People's 

interests are differentiation of living conditions, and the 
economic revolutions that arise from economic needs, become 
the fourth industrial revolution with the Internet of Things 
(IOT) and Additive Manufacturing (AM) or 3D Printing 
(3DP) technology. The additive manufacturing technology 
enables design of complex internal structure and specific 
designed parts which are difficult to make with conventional 
methods can be produced easily. Additive manufacturing or 
3D printing is based on principle of dividing three-
dimensional imaging data into slices and solid models are built 
on a layer-by-layer by means of a special printer, unlike 
conventional methods. In order to create solid object from 
imaging data the object visual information must be designed in 
computer aided design (CAD) programs or solid model after 
3D scanning. One of the most important areas where imaging 
data used is most prevalent are in the medical field. CT 
(Computer Tomography) and Magnetic Resonance Imaging 
(MRI) techniques, which allow the detection of many 
pathological indications during the diagnosis stage, are among 
the preferred methods for creating medical image data. In this 
study, the anatomical model is obtained by acquiring image 
data and passing through some stages has been mentioned the 
benefits of surgical operation planning, diagnosis and patient-
specific treatment.   

II. RAPID PROTOTYPING AND 3D PRINTING 

TECHNOLOGIES 

3D printing technology has been known over time as 
"autofabrication" or "rapid prototyping" was developed as a 
rapid model or prototype in the first years. The rapid models 
are produced by three-dimensional printers or rapid 
prototyping machines which are used materials such as metal, 
plastic and ceramics. Generally used area of rapid prototyping 
technologies are automotive, aerospace, architecture, 
shoemaking, jewelery, education and medical applications.   
Rapid prototype part is designed in a computer aided design 
program. The design can be started from sketch, or it can be 
created by processing point cloud data by obtained three-
dimensional scanner. The model geometry is often defined in 
stereolithography (STL) format and transferred to a special 
printer [1]. 
 

In recent years, rapid prototyping and used of three-
dimensional printers have been increased in the medical field. 
These printers use STL data which is obtained from CT 
scanners and image analysis devices for direct prototype 
production. The greatest difficulty in surgical applications 

 in imaging data which is the presence of some 
voids in the anatomic internal structure that are caught in CT. 
The fact that the prototype model, which is printed in three 
dimensions, can be produced transparently provides a better 
understanding of the internal structure [2]. 

III. MEDICAL IMAGING FOR 3D ANATOMIC MODEL 

Visualization allows people to make comparisons and 
interpretations using visual power by transforming data or 
information into pictures. Data visualization is based on the 
visualization of data sets such as financial, medical, industrial 
and commercial data. Medical field visualized data is often 
used; diagnosis, treatment and surgical operation. There are 
many ways to acquire the image of scan human body. The 
main visualization techniques are used in CT and MRI [3,4]. 
 

CT is one of the quality control methods used for internal 
and external measurements of parts with complex geometries 
in industrial applications. CT measurements is also applied to 
the complex parts produced by additive manufacturing method 
and have unsufficient information about internal structure, 
together with measurements taken from parts made with 
traditional production methods [5]. Visualization techniques 
should be used correctly to create a successful three-
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dimensional anatomic model [6]. Therefore, the processing of 
image data has a critical role in enabling specialists to achieve 
accurate diagnosis [7]. It has been determined that objects 
must be modeled by their internal properties and surface 
interactions to generate three-dimensional visual images from 
CT and MRI data. The CT sections are taken from any organ 
are passed through some stages according to the volume 
coating method and a visualized model is created. These 
sections, which are obtained independently from each other, 
can be separated and removed by image segmentation 
techniques. One of brain tumor application, as seen in Figure 
1, only the tumor surface area is determined and other unused 
regions can be deleted. The surface area and volume of the 
tumor separated from the brain can be calculated with special 
software. 

 
 
 
 
 
 

 
 

 
 

Figure 1: Axial section of brain and tumor 
 
CT and MRI techniques are based on the classification and 

segmentation of image data related to the patient anatomy into 
specific sections in significant planes. However, radiology 
specialists and surgical team to be treated are having difficulty 
in interpreting two-dimensional images taken in cross-
sections. Surgical experts find it hardly difficult to transfer this 
information to the surgical operation team, even if three-
dimensional visual imagination is generated from the cross-
sectional data of tissues or organs [8]. In order to overcome 
this difficulty, the two dimensional sections are assembled to 
create volumetric anatomical structures.  

 
DICOM (Digital Imaging and Communications in 

Medicine) images from CT are converted into three-
dimensional mesh geometry using cross-section contours by 
finishing tools (Blueprint Modeling). Anatomical geometry 
data can be optimized with CAD software before is 
transformed to STL data and sent to 3D printer. The process 
results in the conversion from anatomical images to physical 
objects (Fig 2) involves radical changes in the future of the 
modern surgeon, despite of factors such as high production 
costs and long printing times. Bioprinting has a toolpath 
planning that varies according to biomaterial used as 
difference from the 3D anatomical model production [3, 7, 9, 
10].   

IV. MEDICAL APPLICATIONS OF 3D PRINTING 

Three-dimensional printing technologies that have many 
different kinds of applications in the medical field; anatomical 
model production, surgical device design, and personalized 
implant / prosthesis construction. Medical imaging techniques 

used for diagnosis practice are great help to radiologists in 
detecting and interpreting anomalies in patient anatomy. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The process flow from medical imaging to 3D anatomic 

model or bioprinting. 

 
For this reason, computer-aided diagnosis must be performed 
successfully for medical imaging. There are two important 
elements for extracting a three-dimensional model from a 
radiological image. The first of these is the sensitivity of the 
patient's anatomy and the second is that radiologist can 
construct a pathologic structure of three-dimensional models 
[11,12].  
 

Three-dimensional "biomodels" containing anatomical 
structure is used diagnosis, surgical operation planning, 
simulation, neurosurgery and medical education [13, 14]. 
Before giving the most appropriate decision when performing 
the surgical planning; calculation of possible risks, 
simplification and comprehension of a complex anatomical 
structure is necessary for successing of surgical operation. For 
example, operation of osteolytic lesion in cervical spine is 
very difficult for surgeons. Three-dimensional printing 
technology is a very good application and is effective in the 
visualization and emergence of this tumor [15]. Similarly, 
anatomic model object provides theoretical and practical 
advantages for improving complex pathologies in cardiac 
surgeons. The enlargement of three-dimensional cardiac 
model including tumor on the right ventricle using CT data 
has supported to pre-operative planning. The position of main 
heart tumor and the amount of influence has become clearer 
by means of three-dimensional model. In the cardiovascular 
anatomy sometimes can not be predicted to certain conditions 
due to patient-specific anatomy. It is very difficult for 
surgeons to decide and plan ahead of operation. In a study for 
pediatric and adult cardiac surgery, abnormalities such as 
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congenital defects can be easily seen on a three-dimensional 
model (Fig 3), so that some unexpected patient-specific 
conditions can be analyzed [16, 17]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: 3D printing model illustrated with sections 

 
In another application, surgeons used a three-dimensional 

model was produced by rapid prototyping technique when 
decided on complex neck morphology aneurysm. When CT 
data were analyzed for a patient with a 6.6cm internal aortic 
aneurysm at 75 years of age, some difficulties were 
encountered with the way of intervention. The three-
dimensional model has an important role in determining the 
most suitable tool to be used for repairing damaged parts in 
the neck area [18]. Rapid prototyping technology is also very 
important for neuroscience research because of its ability to 
produce designs with complex geometries. The low error rate 
and reproducibility make rapid prototyping technology 
attractive. This technology provides a multifunctional platform 
with complex modes of production that allows for neural 
activities [19]. In a study of structural brain abnormality in 
children, ventricular volumes were calculated via a three-
dimensional model generated from MR data. The selected 
children were compared whose with normal brain morphology 
and abnormal brain structure. In three-dimensional 
visualization and volumetric measurements, morphological 
abnormalities have been investigated in detail. In this case, 
abnormal ventricular anatomy is better understood [20]. 
Additive manufacturing technology has given new 
perspectives to prosthetics and orthosis applications. The 
geometry of orthosis sketch is designed on paper and AFO 
model is custom-made with FDM and manufactured at low 
cost. A titanium heel bone prosthesis for removing an 
abnormal lesion in the right calcaneus of a 71-year-old patient 
has been replaced with a successful operation [21, 22]. When 
surgeons have planned an operation, for example, a patient is 
prepared for an osteotomy operation, visualization is occured 
from CT data, then these data is used  3D printed models that 
is produced three-dimensional printer. At this point, surgeons 
have rehearsed correction and osteonomic intervention that 
gives to patient the most appropriate result in terms of 
functional and aesthetic outcomes on the three-dimensional 
model. One of the most important benefits of this method is 
that the patient's exposure to anesthesia and blood loss is 
reduced, and fewer injuries have occurred [6]. A surgical 

intervention to a patient who has suffered a traffic accident 
and maxillary skeleton needs to established at correct 
positioning of the maxilla and mandible bones. So that, three-
dimensional model is created by SLS (Selective Laser 
Sintering) method and the bones are placed correctly in one-
to-one correspondence (Fig 4) [22].  

 
 

 
 
 
 

 
 
 
 
 
 

Figure 4: From left to right showing 3D soft tissue MRI image of 
damaged area, CT scan facial bone image and SLS 3D printing model 
 

Some parts of bridge that is made of titanium material cause 
damage in and around the mandibular. More than 50% of them 
are caused to mechanical damage such as screw breakage, 
screw loss or infection on the locking bone plate. To overcome 
this problem, the locking bone plate which is reproduced with 
high dimensional accuracy and suitable symmetry made of 
three-dimensional printing technology has been placed 
successfully in the mandible [23]. Medical imaging is 
necessary for precise of identification that is determined 
specific information to the anatomy of patient. By means of 
medical imaging, CT and MRI data can be processed to 
prepare templates that are suitable for patient-specific implant 
construction. For example; measurements of an implant 
intended for damaged region of eye can be obtained by CT 
image data. In the next step, the implant produced with rapid 
prototyping technology can be successfully applied to the 
damaged region [24, 25]. In the case of live organ 
transplantation, vascular structure models also can be printed 
in three-dimensional by used medical images. Additive 
manufacturing technologies are great benefits of surgical team 
for proving and determining of surgical techniques. However, 
additional information is provided by three-dimensional model 
for allowing different surgical approaches. In addition, 
pathological and surgical risks can be presented to patients 
through anatomic models [23, 26].  
 

Medical students are traditionally trained through cadavers. 
This experience needs to gain for achieving treatment of 
patients. Complex anatomic structures of two-dimensional or 
three-dimensional image acquisition may be inadequate from 
some patients prior to surgical intervention. Because of this, 
three-dimensional printed models of anatomic and pathologic 
structures are useful when a patient-specific surgical operation 
is planned. The enlarged three-dimensional models, which are 
used as a good training model for middle ear surgery, have 
greatly contributed to the education of medical students. 
Students have the opportunity to apply shaving on their actual 
bone on the model produced by SLS technology [7, 23, 28]. 
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Today, the problem of organ failure is increasing due to 
people's long life, genetic and natural factors. One of the most 
common cases of tissue or organ transplants  to access 
appropriate donor. In order to overcome this problem, 
artificial organ production studies were carried out using cell 
knowledge which causes biological, mechanical and 
biochemical transformation of tissue. In the light of these 
studies, Bio-Additive Manufacturing  as called "Bioprinting" 
technologies is improved in based on tissue engineering, 
which has been discovered through laboratory studies. By 
means of this breakthrough discovery is expected that the 
bioprinted kidney, liver, pancreas and heart will occur soon 
[28]. 

V. CONCLUSION AND ADVICES 

Additive manufacturing or three-dimensional printing 
technology is developed by the purpose of test components 
produced in aerospace industry, has become increasingly used 
everywhere, including medical industry. The use of medical 
imaging and three-dimensional anatomic model has been 
reduced to four basic categories: 1) when planning before 
surgical operation by acquiring detailed information about the 
patient in the diagnosis, 2) in order to producing direct organs 
as called bioprinting, 3) while to producing patient-specific 
implant or prosthesis, 4) for teaching medical students with an 
individual pathological structure. 
model that is necessary to the most appropriate decision for 
successful operation before vital surgical intervention. 
Additive manufacturing technology evolves in the coming 
years; advanced technology three-dimensional printers are 
expected to be used in every hospital. As with each new 
production technology, there are some limiting factors in the 
additive manufacturing as well; the three-dimensional model 
is produced at high cost, special image information of patients 
can be safeguarded while being transferred to manufacturer, 
and is taken to long time of model production and post-
processing. Fortunately, in futures anatomic models will be 
produced more precisely, quickly and lower cost.  
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Abstract - In this study, we investigated of ten bone and 
cartilaginous specimens taken during surgery from the male and 
the female. The bone-cartilage samples with disease were 
investigated for their structural and elemental properties. The 
bone-cartilage samples with disease were characterized by 
scanning electron microscopy- energy dispersive X-ray 
spectroscopy (SEM-EDX). The changes in bone cartilage samples 
taken from patients in the direction of the obtained data were 
examined. 

 

Keywords - Bone- Cartilage, SEM, EDX. 

I. INTRODUCTION 

STEOARTHRITIS (OA) is a major public health problem 
affecting half the population over 65 years old. Recently, 

several major publications have characterized calcifications 
present in damaged cartilage tissue [1 3]. In osteoarthritis 
(OA) all of the joint components are involved in the process of 
degeneration such as synovium, cartilage, calcified cartilage, 
Subchondral bone and trabecular bone [4]. It characterized by 
articular cartilage degradation which can affect many joints in 
the body, but is particularly common in weight-bearing joints 
such as the knee and hip. The loss of cartilage can lead to joint 
space narrowing, pain, and loss of function and finally leads to 
the need for total joint replacement. Factors such as previous 
joint injuries, obesity, the effects of aging on cartilage matrix 
composition, matrix structure and genetic factors are involved 
in the pathogenesis of OA. However the exact pathophysiology 
remains unclear. Recently, studies in animal models have 
permitted the evaluation of time dependent histomorphometric 
changes in articular cartilage relative to those in the 
subchondral bone plate at disease onset and during progression 
[5]. The major components in subchondral bone are inorganic 
component (60-70%) which is calcium and phosphorus, 
organic component (10%) which is collagen type I, the rest of 
all is water (10-20%). The inorganic component plays an 
important role for mechanical strength of the bone [6]. 
Calcium (Ca2+)-containing crystals, including basic Ca2+ 
phosphate crystals (BCP: Ca5(PO4)3OH) and Ca2+ 

pyrophosphate dihydrate (CPPD: Ca2P2O7 2O) [7] have 
been identified as worsening factors [8].  
Ten human bone-cartilage specimens from the surgery of 
humans are reported in this paper. Male and female patients 65 
years old and over 65 years old. While five of the samples are 
of a female osteoarthritic bone-cartilage the other is a male 
osteoarthritic bone-cartilage. Prior to the sample analysis, 
there were no fixations, embedding or surface processing. This 
work is an effort to characterize the diseased female and male 
bone-cartilage by using a combination of techniques such as 
scanning electron microscopy- energy dispersive X-ray 
spectroscopy (SEM-EDX). The aim of this study is to make 
comparison of structural, elemental properties of diseased 
female and male bone-cartilage samples. 
 

II. MATERIAL AND METHODS 

Human bone-cartilages from total hip replacement procedures 
were used, due to surgical intervention in response to a 
degenerative joint disease. The bone-cartilages specimens 
were sourced from the department of Orthopedics and 
Traumatology at Kocaeli University (Turkey). Using a water-
cooled diamond saw (Isomet 1000 Precision ) several  sections 
at certain thicknesses were cut perpendicular to the articular 
surface from the superior aspect of the bone-cartilages 
specimens, the sections being of different diameters  15
25mm) and height  15 20mm),with thicknesses ranging from 

distilled water to remove any bone marrow and loose 
particulate matter.  Morphological and elementel 
investigations were conducted on a scanning electron 
microscopy (Zeiss Supra 50 VP model SEM-EDX) with an 
acceleration voltage of 25 kV. 

III. RESULTS AND DISCUSSIONS 

The surface morphology and elemental analysis of the diseased 
female and male bone-cartilage specimens were characterized 
by scanning electron microscopy and energy dispersive X-Ray 
spectrometer. Figure 1 shows the SEM images of the healthy 
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bone-cartilage (control) sample. Result Figure 1 shows that 
healthy bone-cartilage have a porous structure. 
 

 
Figure 1: SEM image of healthy human bone. 

 

  

  

 
Figure 2: SEM image of bone specimens from five diseased female 

patients. 

 
The cartilage surface contains the presence of lacuna, 

chondrocytes and the chondroblasts structures. For the 
osteoarthritic bone-cartilage, the level of surface deformation 
increased. Because of deterioration cartilage surface has 
occurred as the disease progresses. In bone cartilage 
specimens taken from female patients, it is seen that the porous 
structure is deteriorated due to osteoarthritis. And it causes the 
cellular structures in the bone to change.  

 

  

  

 
Figure 3: SEM image of bone specimens from five diseased male 

patients. 

 
It is observed that the structural decay in males is less in the 

direction of the Fig. 3 SEM images than in the female patients, 
considering the relatively age function. Surface porosity and 
cellular structure of bone and cartilage specimens are seen to 
be more uniform than female. 

Figure 4 shows the EDX data of the osteoarthritic female 
and male bone-cartilage specimens. Figure 4 shows that female 
and male bone-cartilage samples have elements such as Ca, P, 
S, C, etc. It is evident that bone cartilage samples have more 
amounts of elements such as calcium, phosphorus, etc., than 
the diseased cartilage. 

In healthy humans, the Ca / P atomic ratio in the bone 
structure is 1.67. This rate can vary depending on the region 
where the bone is located. An indication is that the specificity 
of the Ca/P ratio improves upon that for Ca and P 
concentrations and may be more reliable in the diagnosis of 
bone disorders [9]. 

 

Table 1. Comparison of Ca / P ratio of male and female patients. 

Patients Ca/P Rate Patients Ca/P Rate 

Female a1 1.83 Male b1 1.97 

Female a2 0.8 Male b2 3.77 

Female a3 1.75 Male b3 3.33 

Female a4 1.72 Male b4 1.83 

Female a5 2.07 Male b5 2.09 

(a1) (a2) 

(a3) (a4) 

(a5) 

(b1) (b2) 

(b3) (b4) 

(b5) 
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The skeletal Ca/P ratio has been shown to be a good index 
of bone quality. In addition, results presented here also 
confirm that there is a relationship between bone loss and a 
lowered Ca/P ratio. As nowadays we can measure bone Ca/P 
ratio in vivo for use as a clinical indicator [10.11], such 
measurements could also be useful for the treatment of the 
bone diseases in which, along with bone loss, the bone quality 
is affected.  Bone quality, in addition to bone density, plays an 
important role in bone strength, and is strongly related to the 
Ca/P ratio.  

 

 

 

 

 

 
Figure 4: EDX image of bone specimens from five diseased female 

patients. 
 

 

 

(a1) 

(a2) 

(a3) 

(a4) 

 (a5) 

(b1) 

(b2) 
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Figure 5: EDX image of bone specimens from five diseased male 

patients. 

 
Therefore, it might be possible to use this biomarker for the 

effective diagnostic and classification criteria of osteoporosis 
and related diseases. Ca/P ratio is not distributed 
homogenously along the osteoporotic bone [12] and high Ca/P 
regions could form a potential criterion to enhance our 
perspective on osteoporosis treatment and monitoring. 
 

IV. CONCLUSION 

In this study, structural and elemental analysis of bone 
cartilage specimens taken from different regions of ten patients 
was performed. According to the SEM results, it is seen that 
the pore structure of the bone cartilage structures of the female 
patients is impaired and the surface is not smooth. Male 
patients have better structural characteristics than female 
patients.  
EDX was used for elemental analysis. According to the results, 
the Ca / P ratio was out of 1.67. According to the values in the 

table, Ca / P ratio of female patients shows that it is closer to 
normal value than male. If female's disease had osteoporosis, 
we could look at the literature and say that this result might be 
very different. SEM and EDX results do not support each 
other. Studies on this subject will continue. 
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Abstract - In this study, bone-cartilage specimens taken during 
surgery were examined from patients. Twelve samples were used. 
Male and female sample numbers are the same. The bone-
cartilage samples with disease were investigated for their 
elemental properties. The bone-cartilage samples with disease 
were characterized by Mikro-X-ray fluorescence (XRF). 
Elemental analysis was performed using this device and mapping 
of bone cartilage specimens. According to the male and the 
female, the results are compared. The results show that the 
percentage of the elements found in the bone depends on age and 
sex and the calcium ratio in female is higher than in male. 

 
Keywords - The male and the female, Bone- cartilage, XRF, 

Mapping. 
 

I. INTRODUCTION 

ATELY, some public diseases have become not only a 

clinical problems, but public health problems as well, 
especially in poor and developing countries. One of these 
diseases is osteoporosis. It is defined as a systemic skeletal 
disease characterized by a decrease in bone mass and 
deterioration of the microarchitecture. Increase of bone 
fragility and a greater susceptibly to fractures [1] also occur. 
This is not the unique definition and there are many other 
definitions of this disease. In all of them, it is not possible to 
talk about osteoporosis without mentioning some fundamentals 
words such as, fracture, density, pores and calcium. In 
osteoporosis, bone mineral density decreases, causing bone 
fragility to increase. 
   In recent years, a consensus has been reached: bone mineral 
density alone does not explain or and predict bone health. It is 
necessary to look beyond this parameter, to take into 
consideration other aspects such as trabecular bone 
microarchitecture. In this context, mineral concentration and 
distribution of elements, such as calcium and phosphorous, 
have the same degree of importance. These two chemical 
elements, in the form of hydroxyapatite (Ca10(PO4)6(OH)2), are 
bone components and play an important role in the 
maintenance of skeletal strength. X-ray fluorescence is an 
analytical technique widely used to identify chemical elements 
in environmental, industrial and medical areas. Micro X-ray 
fluorescence investigates sample regions with a spatial 
resolution at the micrometer scale. It allows the determination 
not only the concentration of elements but also of their 

distribution. The use of synchrotron radiation in this type of 
research has some advantages over other X-ray sources, such 
as its high brilliance allowing a lower limit of detection [2]. 
Twelve human bone-cartilage specimens from the surgery of 
humans are reported in this paper. While six of the samples are 
of a female bone-cartilage the other is a male bone-cartilage. 
Prior to the sample analysis, there were no fixations, 
embedding or surface processing. This work is an effort to 
characterize the diseased female and male bone-cartilage by 
using a Mikro-X-ray fluorescence (XRF).The aim of this study 
is to make comparison of elemental properties of diseased 
female and male bone-cartilage samples. Mapping was done to 
see the superficial elemental distribution of bone cartilage 
specimens. 

II. MATERIAL AND METHODS 

Human bone-cartilages specimens from total hip replacement 
procedures were used, due to surgical  intervention in response 
to a degenerative joint disease.The femoral heads were 
sourced from the department of Orthopedics and 
Traumatology  at Kocaeli University(Turkey). Using a water-
cooled diamond saw(Isomet 1000 Precision ) several  sections 
at certain thicknesses were cut perpendicular to the articular 
surface from the superior aspect of the bone-cartilages 
specimens, the sections being of different diameters  15
25mm) and height  15 20mm),with thicknesses ranging from 

ctions were subsequently soaked in 
distilled water to remove any bone marrow and loose 
particulate matter.   Elementel investigations were conducted 
on a scanning electron microscopy (Zeiss Supra 50 VP model 
SEM-EDX) with an acceleration voltage of 25 kV. XRF 
experiments involved use of Eagle III XRF Spectrometry 
model at the basic science application and research center in 
Erzincan University (BSA-RC, Erzincan, Turkey). All the 
experiments were performed at 20 kV Mo K radiation with a 
focal spot size of 50  a Si detector.  

III. RESULT AND DISCUSSIONS 

The elemental analysis of the diseased female and male bone-
cartilage specimens were characterized by Micro X-ray 
fluorescence spectrometry. In healthy humans, the Ca / P 
atomic ratio in the bone structure is 1.67. This rate can vary 
depending on the region where the bone is located. An 
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Bone Specimens 
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indication is that the specificity of the Ca/P ratio improves 
upon that for Ca and P concentrations and may be more 
reliable in the diagnosis of bone disorders [3]. Twelve patients 
underwent XRF measurements. In Figures 1 and 2, bone-
cartilage specimens taken from patients have a picture, 
percentage of the existing elements, and graphical 
representation of the existing elements with the aid of the XRF 
instrument. 
 

 

 

 

 

 

 
Figure 1: XRF image of bone specimens from six diseased female 

patients. 

 

(a1) 

(a2) 

(a3) 

(a4) 

(a5) 

(a6) 

(b1) 
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Figure 2: XRF image of bone specimens from six diseased male 

patients. 
 

   According to XRF results in Figures 1 and 2; the bone-
cartilage samples taken from female and male patients were 
also found to contain Ca, P, S and K elements. The two major 
mineral constituents of the bone are calcium and phosphate. 
As the age of the patients is 65 years and over, the ratio of Ca 
in the male and female patients is higher than that of the P. The 
bone-cartilage structure is degraded depending on age. The 
rate of calcium phosphate in female patients is higher than that 
of male.  

 

 

 

(a1) 

(a2) 

(b2) 

(b3) 

(b4) 
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Figure 3: XRF mapping image of bone specimens from six diseased    

female patients. 
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Figure 4: XRF mapping image of bone specimens from six diseased    

male patients. 
 

   Mapping method was used on bone-cartilage specimens 
using XRF instrument and the superficial distribution of the 
elements on each sample is shown in Figures 3 and 4. Figures 
3 and 4 show areas with red, P, green, S, blue K and yellow 
calcium, respectively. 
 
Table 1. Comparison of Ca / P ratio of male and female patients. 

 
Patients Ca/P Rate Patients Ca/P Rate 

Female a1 10.41 Male b1 3.68 

Female a2 4.43 Male b2 1.25 

Female a3 1.42 Male b3 2.0 

Female a4 11.16 Male b4 1.2 

Female a5 1.13 Male b5 3.54 

Female a6 1.02 Male b6 1.0 

 
    The skeletal Ca/P ratio has been shown to be a good index 
of bone quality. In addition, results presented here also 
confirm that there is a relationship between bone loss and a 
lowered Ca/P ratio. As nowadays we can measure bone Ca/P 
ratio in vivo for use as a clinical indicator [4, 5], such 
measurements could also be useful for the treatment of the 
bone diseases in which, along with bone loss, the bone quality 
is affected.  Bone quality, in addition to bone density, plays an 
important role in bone strength, and is strongly related to the 
Ca/P ratio. Table 1 shows that the Ca / P ratio of female 
patients a, b and d were 10.41, 4.43 and 11.46, respectively. 
The Ca / P ratio of the patients we named as b1 and b5 in male 
patients were 3.68 and 3.54, respectively. Among the female 

patients, calcification was seen in patients referred to as a1, a2, 
and a4. These patients also have a higher rate of calcium than 
other female patients. According to the results we have 
obtained, in patients with male patients the patients named b1 
and b5 have been calcifications. 
 

IV. CONCLUSION 

In this study, structural and elemental analysis of bone 
cartilage specimens taken from different regions of twelve 
patients was performed. Elemental analysis was performed 
with XRF instrument. The results show that the calcium ratio 
in female is higher than in male. The percentage of the 
elements found in the bone depends on age and sex and the 
percentages are determined. This shows that the calcium 
phosphate ratio is also an amorphous phase in both female and 
male, depending on sex and age.  
 
 This suggests that the specificity of the Ca/P ratio is better 
than that of Ca and P concentrations and may be more reliable 
for the diagnosis of bone disorders. 
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Abstract   
The aim of this study is to prepare patterned polimeric retainers 
using biopolimers and to examine their biotechnological 
applications. For this purpose, micro patterned polymeric 
materials were prepared and their morphological properties 
were analyzed using scanning electron microscope (SEM) and 
optical microscopy (OM). 
 
For their biotechnological applications, L929 fibroblasts cells 
were seeded on the surface of these materials and the growth of 
cells present on these surfaces were spectroscopically 
quantified using a Neutral Red uptake assay. During the 
experimental work cell growth was observed on the prepared 
samples. More efficient results were observed on some 
samples. Because of their usability in the cell growth studies 
and researches, the biomaterials prepared in this work as 
scaffold will contribute to the tissue engineering investigations. 
 
 

Keywords  Soft lithography, biomaterial, cell growth, scaffold, 
pattern, tissue,  
 

I. INTRODUCTION 

n recent years, an increase of scientific studies on the micro 
and nano-sized structures of the materials is observed. In 
particular, lithography method allows the investigation of the 

behavior of micro-scale structures economically and without 
requiring fully-equipped laboratories. Soft lithography, which 
is one of the lithography techniques, finds wide application 
areas to produce biosensors and prototype devices to be used in 
tissue engineering [1-4]. 
Soft lithography techniques allows to control growing of the 
cell. The controllability of cells grown in scaffolds constructed 
by micro-printing in a cellular environment can be increased by 
this technique. In addition, studies on biosensors and hybrid 
systems in tissue and cell engineering are  enhancement. Soft 
lithography technique is one of the patterning techniques used; 
polydimethylsiloxane (PDMS) molds and micro channels [5,6]. 
 
Tissue scaffolds form the surface necessary for cells to adhere. 
Mechanical continuity with physiological and biologically 
relevant changes [7,8]. It also helps regenerate the extracellular 
matrix in its natural form. Tissue scaffolds must be formed from 
biodegradable materials and they must be degradable in the 

environment of the living system. Once the proper environment 
is established, the material should not produce toxic material 
without losing its biocompatibility. It should also be in a porous 
structure suitable for the passage of cells and nutrients. These 
biomaterials can be new composite materials formed by natural 
polymers (collagen, chitosan, alginate etc.), bioceramics 
(tricalcium phosphate, hydroxyapatite) or their mixtures. The 
aim of this study to prepare tissue scaffolds by processing of the 
biomaterials. For this purpose polydimethylsiloxane (PDMS) 
molds were prepared in this study. The patterned structured 
molds were used to transfer of the patterned onto the glass 
material coated with titanium dioxide. For comparison, growth 
and proliferation of cells on PDMS molds were investigated.  
 

II. MATERIALS & METHODS 

 
Materials: 
Polidimetilsiloksan (PDMS); General formula of PDMS is 

 and purchased from Down Crown 
company. It was used for pattern transfer. Its commercial name 
is Sylgard 184 d  0,980 g. .  
Ethanol,Sulphuric acid, Hydrogen peroxide  and acetic acid 
were supplied from Merck company. Polietilen glikol 
dimetilakrilat (PEG-DMA), ( O)  ( ,   
Undecanethiol  and Octadecan ethiol were obtained from Sigma 

 Aldrich . 
 
Experimental 
The steps of the experiment are given as follow: 

 Preparation of PDMS mold 

 Titanium coating of microscope glass 

 Design of alkanetiolated pattern on titanium coated  

 microscope glass with PDMS mold 

 Cell seeding on patterned surfaces 
 
Preparing of PDMS mold 
 

in computer environment 
 

 in coating on the microscope glass 
patterned of photoresist 
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solidified PDMS mold 
Pattern Creation on Titanium Coated Microscope Cam with 
PDMS Molding.After produced patterned surface cell growth 
experiments were  followed. 
 
Figure 1 shows schematically the experimental procedure. 
 
 

  
 
Figure 1: Schematically the experimental set procedure. 
 
The prepared PDMS molds were used to transfer the patterns 
on the photomask onto the glass substrate coated with titanium 
dioxide. 
For comparison, growth and proliferation of cells on PDMS 
molds were investigated. These materials have been found to be 
biocompatible constructs suitable for cell growth and 
proliferation. 
 
 

 
 

Figure 2: Patterned photoresist  
 

 
Figure 3: PDMS Pattern 

 
Seeding cell on the surface of the material: 
 
250,000 pieces of cells were seeded on titanium coated glass to 
investigste the growth of cells with Neutral Red Assay. The 
alkanethiol was used in the preparation of titanium-coated 
glassware. The increase or decrease in the number of cells under 
the influence of various chemicals has been observed. L929 
mouse fibroplast cells were used in the study. The 
concentrations of the cells on the titanium-coated glass were 
monitored by spectrophotometry with the concentration of the 
neutral red solution retained by the cells. For this purpose, 
absorbance values of the neutral red solution used in the study 
were determined separately by UV-spectrophotometric 
measurements. 
 
RESULTS & DISCUSSION 

 

 
Figure 3:Cell seeded on the material surface 
 

 
Figure 4: A) 200 x magnification B) 1500 x magnification of 
SEM 

 
In this study, polymer scaffolds were prepared by lithography 
technique under different conditions. As a biotechnological 
application of prepared specimens, cell seeding and 
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multiplication were investigated. Cell growth was observed in 
all samples where cell seeding was performed. Successful 
results were obtained in the sample prepared using 
hexadecanethiol in 60% acetic acid. Similar features have been 
observed in Suh et al.'s study [9]. When alkanethiol effect was 
examined in PEG-DMA coated samples, undecanethiol was 
found to give better results. Scaffold structures prepared in 
different shapes are used for various purposes in tissue 
engineering. It is expected that the scaffolds prepared in this 
study will be used effectively in tissue engineering and 
biotechnological applications in cell duplication studies. 
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Abstract-Amyotrophic Lateral Sclerosis (ALS), also named 
as motor neuron disease, is a disease originating from the 
loss of motor neuron cells (neurons) in spinal cord and the 
area named as brain stem in central nervous system. The 
loss of these cells causes that patient lives bedridden in end-
stage by leading to weakness and myolysis (atrophy) in 
muscles. However, there would be no deterioration in 
mental functions and memory[17]. 

Because of weakness in motive power, patients have 
difficulty in getting in touch with other people and making 
necessary bed moves for the protection of health of the body. 
Development of an image processing-based real time smart 
bed control system, which would make possible to remove 
these negative cases through blinking behaviors, constitutes 
the main goal of this study. Therefore, an image capture and 

Bed movement has been determined with respect to blinking 
behaviors of the patient by connecting data imported to 

 
Keywords ALS, image processing, smart bed, blinking 

I. INTRODUCTION 
Human health is one of the main reasons shaping this 

study as an important subject being the basis of majority 
of scientific researches. One of the important subjects in 
the sense is that patients with end-stage ALS can meet 
their some needs without needing any helper at hospital 
or home. The fact that in-patients can be interfered in case 

lives. Therefore, nurses or patient relatives should be 

emergency. At the same time, a warning module is used 
in the smart bed system with this aim. Wearable 
accessories were mostly used in the past so that body 
movements could be recognized by computer systems. 
Today, thanks to development of processor technology 
and software potentiality, it can be applied in the most 
basic manner with the help of only one camera or body 
movements can be perceived by computer systems by 
using stereo visual techniques through  

multiple cameras. This development is shown in the fields 
of human-computer interaction, robot control, virtual 
reality and interactive graph [1]. 

creates a significant model to be able to answer the 

external factors or nervous system-based eyelid 
movements. To make samplings, it is necessary to 

be a processable answer and to record it [2]. 
A human-machine interface has been proposed by 

Chau and Betke for its use by severe disabled people. 
People with such diseases as Amyotrophic Lateral 
Sclerosis (ALS) cannot control or move any other parts of 
their bodies out of their eyes. The proposed system 
creates an input to end up with a mouse click on computer 
system by d
measuring their periods. The system detects the place of 
eyes from involuntary eye blinks in the first few seconds 
and then monitors eye with an online template. If an 
instantaneous change of depth or head movement in user 
occurs, the system would restart. There is no need for 
prerecorded patterns or special lighting for operation of 
the system. The system works at the rate of 30 frames per 
second by cheap USB cameras. Such parameters as 
different lights and environments have led to more 
accuracy and to increases in detection of voluntary and 
involuntary eye blinks in widely experiments [1, 6]. 

The system developed by Ince and Yang has made 
technologically convenient view tracking application for 
decades. However, the currently used systems are 
expensive. One of the reasons for the study is to research 
the methods of reduction of these costs. To detect pupil, 
an accurate and quick algorithm has been suggested. The 
introduced algorithm has been built on differential 
geometry [1, 13]. 

In a study by Brandt & Associates, visual driver 
monitoring system has been introduced with the aim of 

system can detect fatigue and monotony symptoms based 
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on these measured traits. Basic advantages of the system 
proposed against the existing ones are its use to ensure a 
good price/performance ratio of standard hardware, rapid 
calculation time and the potentiality to measure in 
darkness and to be able to care about monotony. Image 
analysis has been made in a rough-thin architecture. 

developed Haar ripple train. Then, eyes on face have been 
looked for and eye blink with optic flow analysis of eye 
area has been measured. Performance of the system has 
successfully been tested under ideal and natural 
conditions [1, 16]. 

society and continuously new applications are interested 
in the subject in response to technological development. 
In a study by Corno and his friends, a system providing 
choice of certain points of the screen has been introduced 
by using views of the user, whose most important traits 
are simplicity and affordability, as computer input by the 
method of eye monitoring [1, 14]. 

A study by Wei-Gang and Associates has been 
recommended an automatic eye blink translator system 
for severe disabled people. Firstly, SVM has been applied 
and then eye blink has been monitored. After that, eye 
blink behavior has been coded by being translated into 
binary system. Then, eye blink order has been translated 
into a command for human-machine interface [1,15].  

image taken by a camera will be found by Haar Cascade 
classifier within OpenCV image library. To be able to 
monitor eye blink, pupil of the patient will be detected by 
circular Hough transformation. Those digital data 
analyzed by image processing algorithms will be 
processed with Python program. Necessary commands 
will be sent onto patient 
will be checked. In response to certain eye blink 
movements of the patient, the system is activated. These 
movements have been pre-taught to the patient before. 
Hence, eye-blink rule sequences of the patient have been 
determined. When these special sequences occur by the 
patient, bed used by the patient comes to the position 
desired by him by changing its position. At the same 
time, the patient will be able to enable a call system 
attached to bed in any negative case. The fact that the 
system has a usable structure will provide that it would 
appeal to a large mass, whose physical disability rate is 
high.  

II.METHOD 
 

In this study, it will be realized that motionless patient 
front view images captured by camera would be assessed 
and consequently coded messages given by the patient in 
the form of eye blink would be transmitted into a control 
card. Through this control card, the control process of 
patient bed position motors and authorized warning 
system will be executed. The system is designed as 
computer program, camera, computer and model and the 
warning system is composed of siren and beacon lamp. 

Footage of the camera placed in front of patient will 
constantly be checked by computer program (PYTHON). 
When patient composes one of the recognized eye blink 

series, message will be transmitted to bed position motors 
or warning system identified in the relevant series. 

 

 
 

Figure-1 General structure of the system 

 

II. I. Camera 
Our goal in this study is to turn eye blink movements 

movements onto computer. Therefore, it is to provide that 
patient can check the system by himself. Image sensors in 
the cameras used today are generally complementary 
metal oxide semiconductor (CMOS) and charge coupled 
device (CCD). CCD was found by Willard BOYLE and 
George SMITH at BELL laboratories in 1970[3]. 

Cameras with CCD and CMOS sensors have 
advantages and disadvantages with respect to each other. 
However, what is desirable here is to take the best image 
under every condition. Used technology, data transfer 
rate, resolution and FPS-frame per second are 
determinant attributes. 

In our study, 1080p Full HD Camera of the A4 Tech 
firm shown in Figure 2 will be used. The camera we use 
comes up with results near 30 fps in all resolution values. 
It is crucial that FPS rate should be high enough to make 
real-time process. Universal Serial Bus (USB) is used as 
data transfer technology on the camera. The fact that the 
camera has a high FPS rate brings flexibility into software 

enough, performance of the system would decrease by 
exceeding real-time process limit [1]. 

Choice of the quickest way in the methods of image 
processing used and of field of interest as least as possible 

camera, the only input device of the system, has a key 
role. 
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             Figure-2 A4-Tech 1080p Full HD Kamera 

II.II. Program and Flow Algorithm 
 

Python as software and OpenCV as image processing 
library will be used. 

Python is a high degree object-oriented, interpretive, 
modular and interactive programming language. There is 
an existing potentiality to develop software with Python 
in such many fields as system programming, user 
interface programming, network programming, 
application and database software programming [12]. 

BSD license by being developed by Intel. The fact that it 
is developed by aiming at real-time applications 
especially, free of charge including its commercial use 
and can be used on such different platforms as Windows, 
Linux, MacOS X makes it step forward from other image 
processing instruments. CV (Computer Vision) is one of 
the five basic libraries containing high degree algorithms 
[10]. 

Face detection methods were summarized in the study 
of Yang & Associates. In the relevant study, face 
detection methods were collected under four titles. They 
are knowledge-, constant trait-, template matching- and 
view-based face detection methods. Face detection is the 
phase to determine whether there is a face in image 
captured as input image and if available, where the face 
is. Output of face determination is input of face detection 

 fact that this phase is 
carried out truly and effectively would directly affect 
accuracy and activity of the system to design [11]. 

In the designed system application, Haar cascade 
classifier model, widely used in determination and 
detection of objects for face and eye determination, has 
been used. 

To find and monitor objects in very useful and 
necessary videos or images for image processing, haar 
Cascade classifier you can find in OpenCV library were 
composed by Paul Viola and Micheal Jones as a solution 
for this problem. At the same time, it is also known as 
Viola and Jones object detection framework. In the most 
basic sense, objects to be wanted to be found according to 
a certain algorithm are introduced to computer at first and 
then objects are tried to be found by scanning images or 
video frames including similar shapes [1].  

In the study, Haar cascade classifiers (HKS), a 
powerful method against dimension/orientation changes 
in detection of the place of human face candidate areas on 

real-time flown video image by using Haar attributes, 
have been used. 

First of all, face area is determined with the help of 
Haar classifier. Then, eyes are determined by running 
Haar classifier again in determined face area. That kind of 
consecutive use of Haar classifier has positively affected 
outputs of the system under variable ambient conditions 
by preventing incorrect determinations. 
Because eye blink movement is the main element of our 
study, Circular Hough transformation has been used to 

 
Hough transformation is a frequently-used analysis 

algorithm to determine lines and other shapes (generally 
circular) in visual images. Basically, it has been 
developed to determine straight lines in black and white 
images. Besides, it is used in determination of non-linear 
and non-straight curves [4]. 

Eye blink movements taken will be transmitted onto 
Python program simultaneously. Thanks to patient 

with OpenCV view library, it will be assessed according 
to the algorithm given in Figure 3. 

 

 
 
 

Figure -3 Software Flow Chart [1]. 
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Figure-4 Haar Cascade Python software 

 
By using Python program, the necessary software for 

the process of face and then of eye detection in an image 
will be as seen in Figure 4. 

When the software given in Figure 4 is applied to an 
image, face area has been determined first. Then, the part 
of eye has been determined. In Figure 5, an image Haar 
Cascade classifier has been applied to is seen. 

 

    
 

Figure-5 Face and eye detection by Haar Cascade classifier 

 
The part constituting the main theme of our study is to 

detect eye blink movement. By using Python program, 
the necessary software for the process of face and then of 
eye detection through camera will be as seen in Figure 6. 

 

 
 

Figure-6 Haar Cascade classifier face and eye detections with the help 
of camera. 

 

II. III. Control Card and Driver Circuit 
Arduino is very popular in the whole world today. 

When we search on the Internet, we can see tens of and 
even hundreds of Arduino projects. In addition, Arduino 
cod base is very developed with the contribution of 
developers. There are existing libraries for a lot of 
hardware. Arduino has a lot of variations. These cards are 
still being developed. 

In this study, Arduino as control card and UNO model 
shown in Figure 7 as model have been used. Arduino 
UNO is an Arduino card using ATmega328 
microcontroller. Arduino UNO has 14 digital input / 
output pins. 6 out of them can be used as PWM output. In 
addition, it has 6 analog inputs, a 16 MHz crystal 
oscillator, USB connection, power jack (2.1 mm), ICSP 
header and reset button [8]. 

Hardware and pins on Arduino can be easily 
controlled by codes loaded onto Arduino. There are 
Atmel microprocessors on Arduino to process those codes 
written by programmer. Types of Arduino depend on 
types of those microprocessors. If a code written for a 

it would work on other types of Arduino with no 
, most of Arduino projects almost 

work on every type of Arduino [9]. 
Pins on Arduino can supply 50 mA current at 

maximum. It is impossible that DC motors we will use for 
smart bed design work at this current value. Motor driver 
circuit should be used to be able to control motor by 
Arduino card. 

Variation of motor driver circuit generally varies by 
the value of current it can give. Because DC motors we 
will use in our study is test-purpose, motor driver given in 
Figure 8 will be sufficient. 

 
 

     
 

Figure-7 Arduino UNO [8]. 
  

 
 

          Figure-8 L298N Motor Driver Card [8]. 
 

L298 N motor driver circuit is a driver to control two 
motors at the same time. It can supply approximately 2 A 

24 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



     
 
 
 
current per channel. Along with DC motor, it is used in 
driving step motor. 

The connection diagram of Arduino UNO and L298N 
motor driver card is seen in Figure 9 [5]. 

 

 
 

Figure-9 Arduino UNO DC motor connection [5]. 

 
II. IV. Arduino Communication with Python 
 

We will read data on SerialPort by using Python 
programming language and exporting data to our Arduino 
UNO card over SerialPort. We will make these processes by 
using the module named PySerial on Python.  

As an example of the communication between Arduino 
UNO and Python program, a connection scheme of led 
control is shown in Figure 10.  

 

 
 

Figure-10 Arduino UNO Led connection [7]. 
 

As seen in Figure 10, we will try to turn the LED 
connected to 13th pin on. In the essence of our study, DC 
motor controlling patient bed and devices to be used for 

appropriate to connect a 330 ohm resistor before the LED 
we will use because it is 2,2 volt[7]. 

If data from serial port with Arduino code sequence 

would turn LED off. 
 

int led = 13;  
void setup()  
{ 
pinMode(led, OUTPUT);  
Serial. begin(9600);  
} 

void loop() 
{ 
if(Serial. available())  
{ 
int oku = Serial. read();  
if(oku=='0')  
{ 
digitalWrite(led, LOW);  
Serial. println("Led Yandi");
} 
Else if (oku=='1')  
{ 
digitalWrite(led, HIGH);  
Serial. println("Led  
} 
} 
} 

 
Figure-11 Arduino UNO code sequence [7] 

 
In the case given in Figure 12, we send the command of 

 on. When 
Arduino detects the command, it will show the command of 

 
 

deger = 1 
serialport = Serial. Serial('COM3', 9600) 
serialport. write(bytes(deger, 'utf-8')) 
serialport. flush() 
print(serialport. readline()) 

 
Figure-12 Python program code sequence [7] 

 

Bed model to be used as patient bed has been designed 
as a patient bed with 2 motors. Position changes of bed 

movements has one of the predetermined values, bed 
 

There is a warning unit connected to the control card of 
patient bed in the system at the same system. This unit will 
become active when one of the pre-taught eye blink 
movements. This unit to be used as vocal and visual warning 
pointers is shown in Figure 14. 
 

 

Figure-  
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Figure-14 Vocal and visual warning system 
 

  III.    CONCLUSION 

It is aimed in this study that patients with end-stage ALS 
disease can meet their certain needs with eye blink 
movements. Smart bed system has been recommended with 
this aim. It is necessary to recognize a set of commands with 
eye blink movements for all necessary commands in the 
usability of beds by severe-disabled people within the scope 
of this s
blink movements are interpreted with the help of a camera. 
We interpret this process with code structure we write by 
Python program and activate control and warning systems of 
patient bed with conclusion data. 

blink movements by camera. Eye blink movements from 
camera provide us with understanding what he wants to 
from his eye with the help of code structure written on 
Python programs and OpenCV Library Haar cascade 

-
taught eye blink behaviors. As a result of this comparison, 
our control card would activate motors or warning system. 

Arduino UNO has been used as control card. Because 
Arduino UNO gives various opportunities for the 
communication of a computer and another Arduino or other 
microcontrollers. In addition, it provides that computer 
software sees this card a com port. 

Development of the system we recommend is that it is 
ensured that people with ALS and severe physical disability 
use certain bed movements and use of warning systems 
through their eye movements at homes or hospitals. 
Therefore, it is foreseen to rise the standard of living of that 
kind of patients. 

The next phase is the application of commands to home, 
hospital or a disabled chair or process over wireless 
connection or Bluetooth. The fact that the system has 
portable dimensions provides ease of use.  
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Abstract - A brief review has been done of studies in biorefinery, 
in order to provide an introduction to the subject from the market 
potential. A biorefinery can be considered to be an integral unit 
that can accept various biological nonfood feedstocks and convert 
them into a range of useful products including chemicals, energy, 
and materials. Bio-based products are a great curiosity question 
of whether it gets to replace fossil-based products. Biomass, a 
renewable source of carbon, is guaranteed a place in the new 
energy portfolio for the foreseeable future. The use of renewable 
energy sources efficiently as possible with biorafinery concept. 
Today, the factory is going to study the conceptual stage with 
integrated Biorafinery system; although the future seems to be 
successful. 

 
Keywords - Biorefinery concept, Techno-economic analysis, 

Bioeconomy, Biofuels, Market potential of biorefinery. 
 
 

INTRODUCTION 
Biorefineries, as the name suggests, have so far been 

conceptualised around energy and biofuels. A biorefinery is a 
facility, somewhat analogous to the petroleum refinery, which 
integrates biomass conversion processes and technologies to 
produce fuels, power and chemicals. Biorefinery  systems  
have  emerged  as  an  attractive  route for  energy  generation,  
in  the  form  of  combined  heat  and power  (CHP)  and  
biofuels,  alongside  chemical  production,  with great  promise  
for  reduced  environmental  impact [1,2]. 

If all of the bioresources within the biorefinery 
structure are efficiently used, including the biological leftovers 
from a cascade transformation process approach, a nearly zero 
waste production is achieved. Nowadays global biorefinery 
concept mainly includes terrestrial biomass with plants and 
foreston top and only small part has recently been devoted to 
algae [3]. Since mainly first and second generation biomass is 
used for liquid biofuels production, it is significantly affecting 
the economy due to the competition for food and energy. 

As bioethanol, biodiesel, biogas or biomethane in the 
world, the most widely produced a large part of the first 
generation of biofuels biofuels were classed at the beginning 
of the 2000s [4]. It is observed reduction in greenhouse gases 
as a result of the use of the first generation biofuels but food is 
not sustainable due to the excessive demand. This demand, the 
food industry waste or in this sector of the inevaluation 

products has emerged from the second generation biofuels [5]. 
The second generation biofuels are more environmentally 
friendly [6] and competitive [7] than the first generation 
biofuels. The implementation of non-food, lignocellulosic 
natural resources is of particular interest, in order to minimize 
the impacts on the food and fodder markets. 

Marine macroalgae or seaweed have a high potential 
to partly replace terrestrial biomass. With current research 
going on in this field it is already declared that algae is a 3rd 

feed plants, nor is using resources for their growth [3]. 

Increasing efforts are being made to reduce the 
dependency of the world economy on crude oil as an 
exhaustible natural resource. One of the most promising 
approaches is to develop processes that allow the use of 
biomass as an alternative natural resource base [8]. In this 
sense,  the biorefinery concept emerges as an option similar to 
oil refineries,  where biomass is fractionated into added value 
products with different yields and distributions.  Moreover, 
these  distributions  vary  widely  depending  on  the  physical  
and chemical  nature  of  the  raw  material  as  well  as  on  the  
economic interest  of  the  process  [9, 10, 11, 12, 13].This 
estimate includes biorefinery products that could replace 
fossil-based products that are chemically identical  (e.g. 
ethylene from bioethanol can replace ethylene from natural 
gas) and those that could substitute for products having similar 
functionality  (e.g. polylactic acid can substitute polyethylene 
terephthalate used for plastic bottles) [14]. 

To ensure sustainable use of biomass, cascading 
approach has been developed which promotes that product 
with the highest value is made first, then the second highest is 
made and so on. Bioenergy and biofuels are made using 
leftovers from other production processes. This approach 
increases resource efficiency and adds even higher value to 
used biomass, which is a part of circular economy. Increased 
resource efficiency also is saving the raw material supply, 
because biomass can be used repeatedly. With this principle 
usually the problem is that leftover biomass has to be 
transported from one location to another to continue with the 
next step of production, but biorefinery concept solves this 
problem since the concept is meant to be implemented in one 
location [3]. 

Biorefinery concept: Current status and 
future prospects 
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As a  result, GHG  emissions  reduction,  fossil  
energy  saving  and  economic potential  of  biorefinery  
products  have  become  important  measures  that  make  a 
biorefinery  a  plausible  alternative  to  crude oil  refineries  
[15]. 

The Role in Industry of the Biorefinery  
The  biorefinery  concept  has  been  practised  widely  

in  the  corn  wet  mill  industry, the  pulp  and  paper  industry  
and,  more  recently,  the  biofuel industry  through  the  
expansion  of  their  product  portfolios with  value  added  
products  in  the  search  for  improved  process economics  
and  environmental  sustainability [16, 17].  

The Communication on the Lead Market Initiative 
(COM(2007) 860 final) indicated six sectors as lead markets: 
eHealth, protective textiles, sustainable construction, 
recycling, bio-based products, and renewable energies [18]. 

 In order to decide on a suitable product portfolio, the 
following five criteria were formulated [19] : 

 High theoretical product yields from substrate. 

 Market interest in the product as an end product or as 

an industrially important intermediate. 

 High production volume (current or potential). 

 Nonfood use of the product. 

 Ability to be biologically synthesized from the 

common sugars derived from various forms of 

biomass. 

 

IEA Bioenergy Task 42 recently coined a formal 
definition for 
biomass into a spectrum of bio-based products (food, feed, 
chemicals and/or materials) and bioenergy (biofuels, power 

. 

This means that a biorefinery can be a concept, a 
facility, a process, a plant, or even a cluster of facilities that 
obviously requires the integration of many different areas of 
knowledge encompassing chemical engineering, chemistry, 
biology and biochemistry, biomolecular engineering, and other 
fields [20]. 

In this way, biorefining can provide a sustainable 
approach to valuable products that can also improve biomass 
processing economics as well as environmental footprint (e.g., 
GHG savings) if a fully integrated concept is developed [20]. 

The integration of bioconversion and appropriate 
chemical technologies is critical to the successful translation of 
refinery concepts to aqueous transformations. 

 In the case of chemical technologies and chemical 
production, this means the use of green chemistry methods 
including heterogeneous catalysis and the application of green 
chemistry principles [20]. 

 
 

 
Figure 1. The biorefinery concept: from biomass to valuable 
products via low-environmental-impact valorization practices. 

The main focus of biorefinery systems which will 
come into operation within the next years is on the production 
of transportation biofuels. The selection of the most 
interesting biofuels is based on the possibility that they can be 
mixed with gasoline, kerosene, diesel, and natural gas, 
reflecting the main advantage of using the already existing 
infrastructure in the transportation sector. The volume and 
prices of present and forecasted products should be market 
competitive [21]. 

Biorefineries show promises both for industrialized 
and developing countries. New competences, new job 
opportunities, and new markets are also expected to elaborate. 
The economic value of biomass is determined by the revenue 
from the various products on the market and the production 
costs (e.g., capital and operation costs) of the various 
products [21]. 

In addition, also the size of the market is relevant for 
the economic feasibility of biorefining. In most of the cases, 
products with a high market value have a relative small 
market (e.g., speciality chemicals) and vice versa (e.g., liquid 
transportation fuels). Economic values of fossil feedstocks to 
be possibly substituted by biomass show large differences 
(Table1). 

Table 1. Fossil-derived product substitution options (cost 
price per GJ end product) 

 Fossil Feed Stock ( 3/GJ) Biomass Cost ( 3/GJ) 

Heat 3(coal) 4 

Power 6(coal) 22 

Transportation 
fuel 

8(oil) 10 

Avarage bulk 
chemicals 

30(oil) 75 

The economic value of biomass feedstocks grossly exceeds 
the value associated with their caloric value (which is only 

3/GJ). They could represent values of up to 75/GJ, 
provided that components could be obtained in a pure form. 

 Assuming a biomass yield of 10 20 tonnes of dry weight per 
hectare per year and that the biomass will just be used for its 
caloric value, this would represent a value of  450 900/ha 
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per year, values that are too low for farmers in Western 
Europe to make an acceptable standard of living. Things 
would be different if we could separate biomass into fractions 
that can be used to produce food, feed, biobased products 
(chemicals, materials), and/or bioenergy (fuels, power, and/or 
heat). As we saw above, separated biomass fractions can 
generate financial returns exceeding their caloric value alone. 
Assuming that 20% of biomass is suitable to produce 
chemical compounds, 40% to produce biofuels, and the 
remainder to produce power and heat, a biomass yield of 10
20 tonnes dry matter per hectare biomass yield potentially 
could generate  2000  4000/ha, enough for farmers to make 
an acceptable standard of living [21]. 

Even accounting for unavailability of supply LNG markets are 
not expected to rebalance before the mid-2020s. For now, 
LNG prices remain low (Figure 2), only one final investment 
decision (FID) for new liquefaction facilities has been taken in 
2017, and demand, while growing robustly, is not keeping 
pace with the addition of supply [22]. 

The economic production of transportation biofuels is often a 
challenge. The coproduction of chemicals, materials, food, and 
feed can generate the necessary added value. Recently a paper 
was published highlighting all biobased chemicals with 

-  
The selected products are either demonstrating strong market 
growth or have significant industry investment in development 
and demonstration programs [21].Table 2 gives an overview of 
the major similarities and dissimilarities of petrochemical 
refineries and biorefineries. 

 

Figure 2. Gas price development, 2012-17 

Note: NBP = National Balancing Point (United Kingdom). 

Sources: NBP, Henry Hub, Japan LNG contract and Brent data: 
Bloomberg Finance LP; Asian LNG spot data: ICIS (2017a), ICIS 
LNG Edge, www.icis.com/energy/liquefied-natural-gas/lng-edge 
(subscription required). 

Biorefining requires further innovation but offers 
opportunities to all economic sectors. Building a biobased 
economy can help to overcome present difficulties while 
laying the foundation of an environmentally benign industry 
[21]. 

 

Table 2. Comparison of refineries and biorefineries regarding 
to feedstocks, building block composition, processes, and 
chemical intermediates produced at commercial scale 

 

         Refinery                               
Biorefinery 

Biorefinery 

Feedstock 
relatively  
homogeneous 

Feedstock heterogeneous 
regarding bulk components e.g., 
carbohydrates, lignin, proteins, 
oils  

extractives, and/or ash Most of 
the starting material present in 
polymeric form  

(cellulose, starch, proteins, 
lignin) 

Low in oxygen 
content 

High in oxygen content 

The weight of the 
product 
(mole/mole) 
generally  increases 
with processing 

The weight of the product 
(mole/ mole) generally decreases 
with processing 

It is important to perceive the 
functionality in the starting 
material 

Main building 
blocks:  Ethylene, 
propylene, methane, 
benzene, toluene, 
xylene isomers. 

Main building blocks: Glucose, 
xylose, fatty acids (e.g., oleic, 
stearic, sebacic) 

Almost 
exclusively 
chemical processes 

Combination of chemical and 
biotechnological processes 

Introduction of 
heteroatoms  (O, N, 
S) 

Removal of oxygen 

Relative 
homogeneous  
processes to arrive 
to building blocks: 
Steam cracking, 
catalytic reforming 

Relative heterogeneous 
processes to arrive to building 
blocks 

Wide range of  
conversion 
chemistries 

Smaller range of conversion 
chemistries: Dehydration, 
hydrogenation, fermentation 

 
 
 
 
Many 

 
 
Few but increasing (e.g.,  

ethanol, furfural, biodiesel, mono-
ethanolglycol, lactic acid, succinic 
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Biomass-Biorefinery-Bioeconomy 
Biorefineries are a promising integrated approach for the co-
production of both valueadded products (bio-materials, bio-
chemicals, bio-plastics, food, feed) and bioenergy (biofuels, 
biogas, heat and/or electricity). The bio-based economy 
integrates the full range of natural and renewable biological 
resources (land and sea resources, biodiversity and biological 
materials (plant, animal and microbial) and biological 
processes. In this respect, a bio-based economy is nothing new 
in itself, as before the industrial revolution, economies were 
mainly bio-based. Biomass is already used as feedstock for 
example wood based materials, pulp and paper production, 
biomass-derivedfibres, and as biofuel feedstock (from 
oilcrops, starch and sugar crops). Nevertheless, the transition 
toward a modern bio-based economy implies challenges such 
as the sustainability of biomass raw material, efficiency in 
biomass use and economy of scalesin biomass mobilization 
[27]. 

Biorefinery can use various combinations of feedstock 
and conversion technologies to produce a variety of producs. 
However, most of the existing biorefinery concepts use 
limited feedstock and technologies, and soley produce 
bioetanol or biodiesel.  Only a small fraction of materials are 
used for chemical and chemistry products that have a higher 
value-added [28]. Because of that the use of biomass for the 
production of platform chemicals has recently become an 
important research topic [11].  Economical and production 
advantages increase with the overall level of integration in the 
biorefinery. By missing of the existing biorefinery concepts, 
which are limited in the using a one feedstock and producing 
one product. Thanks to continuous developments in the areas 
of feedstock, conversion process (biochemical, chemical, and 
thermochemical), and their integration with powerful 
downstream seperations will enable more economical and 
environmentally sustainable options of integrated biorefinery. 
By integrated biorefinery concepts, it has been enabled to 
spreading of biorefinery implentation within a wider 
geographical area in all of Europe. So, the EuroBioRef 
project is focused on enhanced and deploying a highly 
integrated and varied concept with feedstock, technologies 
and processes that can be bundled to enable and define a new 
interweaved value chain with integrated flexible biorefinery 
facilities. 

 

Figure 3. The EureBioRef integrated biorefinery approach 

A
biomass feedstock produce low-added value product, multi 
biomass feedstock can produce high-added value multi 
products by using multi-integrated process [28]. 

Renewable platform chemicals are often linked 
technologically to the biorefinery  the latter could be viewed 
as a key technological solution for the integrated production of 
food, feed, materials and products [29]. Such a step could 
integrate the chemical industry into the so-called bioeconomy. 
The main goals are to strategically reduce the dependency on 
crude oil and to mitigate the greenhouse gas emissions as well 
as the negative impacts on the environment caused by the 
processing and ultimately the burning of fossil carbon sources 
[30]. During these exciting developments it is important not to 
lose sight of the greenhouse gas related impacts, concern for 
which underpins much of the rationale behind biorefinery and 
bioeconomy accomplishments so far [31]. The current global 
market size for ethylene accounts for 127 Mt/a with a share of 
0.2% (0.25 Mt/a) coming from biomass resources [30]. 

Future Prospects of the Biorefinery Concept 

 According to  the  Energy  Information  Administration  
(EIA, 2015), today present the annual total electricity 
produ
generated  from  fossil fuels  which  will  cause greenhouse  
gases  emission,  particularly  carbon  dioxide  (CO2).  
Electricity generation will increase our dependence on fossil 
fuels increases. It has been found in so many foresight studies. 
EIA (2015) data by looking at the energy production in 2040 

an annual production of approximately 144 x 10 6 m 3 and a 
worldwide share of more than 3% based on energy content, 
biofuels already play a significant role in the transport fuel 
sector [34]. The  potential  biorefinery market  throughout  the  
entire  biomass  value  chain  globally has  been  projected  as  
$295  billion  by  2020  [35]. 

 The mandatory targets for the use of renewable energy in 
transport has boosted the use of biofuels in the EU reaching 
564 PJ in 2012. The NREAPs (National Renewable Energy 
Action Plan) forecasted a use of biofuels of about 1216 PJ 
Mtoe in 2020, representing more than 90% of the renewable 
energy expected to be used in transport (Banja et al., 2013). 
The NREAPs estimate that about 105 PJ lignocellulosic 
biofuels could be used in transport in 2020, but this depends 
on their commercial availability and prices. 

 Another study predicts; In 2011, global biofuels production 
stood at 1,897,000 barrels per day, up from 1,635,000 barrels 
per day in 2009  a 16 percent rise in just two years. 
Production levels are expected to reach 2,500,000 barrels per 
day by 2020 [36]. 

 

Figure 4. Global Biofuels Production  
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 As a negative predictions; According to UNEP, 35.7 million 
ha were used for biofuel production in 2008 and an estimated 
80 million ha are to be used by 2020. 

 The production of biofuels and energy is used by a majority 
of the resources of the forest is observed. Wood pellets of 
international trade, sectors constituted 7% of demand of the 
energy and transport in 2010. Different countries consider 
renewable energy targets established by taking into account 
the, international demand, come out on top biofuels and 
biomass supply is expected. For this reason, in particular the 
relatively limited domestic resources, such as the European 
Union and India's imports of biofuels and biomass is foreseen 
to give the speed. The imbalance in the distribution of biomass 
resource potential and boosting the share of bio-energy in 
energy production of envisioning due to political targets in 
2035 biomass and biofuel is thought that she was going to 40 
million TEP (in 2010 the inter-regional 6 million TEP). This 
increase in the scope of the United States, Canada and Russia 
is expected to be the largest exporters of biomass. United 
States and Brazil's are expected to pull head to biofuel 
production [38]. 

The best alternatives appear to be fuels of the future, 
especially fuels derived from microalgae. Replacing all the 
transport fuel consumed in the United States with biodiesel 
will require 0.53 billion m3 of biodiesel annually at the current 
rate of consumption. Oil crops, waste cooking oil and animal 
fat cannot realistically satisfy this demand. For example, 
meeting only half the existing U.S. transport fuel needs by 
biodiesel, would require unsustainably large cultivation areas 
for major oil crops. This is shown in Table 3 using the average 
oil yield per hectare from various crops, the cropping area 
needed to meet 50% of the U.S. transport fuel needs is 
calculated in column 3 (Table 3). In column 4 (Table 3) this 
area is expressed as a percentage of the total cropping area of 
the United States. If oil palm, a high-yielding oil crop can be 
grown, 24% of the total cropland will need to be devoted to its 
cultivation to meet only 50% of the transport fuel needs. 
Clearly, oil crops cannot significantly contribute to replacing 
petroleum derived liquid fuels in the foreseeable future. This 
sitituation changes when microalgeas are used instead of 
crops. Between 1 and 3% of the total U.S. cropping area 
would be sufficient for producing algal biomass that satisfies 
50% of the transport fuel needs [39]. 

 

Table 3. Comparison of some sources of biodiesel 

 

Microalgea have various oil content as their spieces. Both high 
level oil content and less land requier they may be only 
sources of biodiesel that has the potential to displace crop. 

Conclusions 

 Biorefineries are more conceptually for this moment, but the 
studies suggest that it may gain biorafiner with an integrated 
system. It should be adopted as the main material for biofuels 
as well as high added value byproducts is quite precious and 
future market share. Byproducts of biorefinery are expected to 
rise in the use of chemicals and materials industries. It also 
provides the formation of a new market for natural resources 
and forestry and agricultural waste. When taking into account 
of unsufficient land, nonfood and feedstock, the best 
alternative to appear of fuel is that derived from migroalgae. 
High level oil content and rapid growing ratio of microalgae 
give a future for clean fuel, chemical and energy. That apart 
from according to the projections made in the study 
exhaustible natural source the fossil fuels reducing the 
dependence on with using of biofuels is promising. Although 
the surge in oil prices are unstable, biorafineries will be the 
technology of 2020. 
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Abstract - Graphene based nanomaterials are thought to be a 

new opportunity for the development of antibacterial materials 
and water purification. In this study, the physical, chemical and 
microbiological recovery rates of raw water were analyzed after 
the filtration with reduced graphene oxide. Microorganisms such 
as E. coli fecal, Salmonella, Enterococcus, Pseudomona 
aeruginosa, Staphylococcus aureus and E. coliform were 
successfully inhibited with using rGO in the ratio of 0.1 (v/v). In 
water treatment with rGO-based filtration, improvement rates of 
hardness, dissolved oxygen, turbidity and color properties were 
obtained 16.5%, 4.2%, 72.6% and 46.2% respectively. 
 

Keywords - Reduced graphene oxide, water purification, 
antimicrobial properties 
 

I. INTRODUCTION 

Bacterial infection has become one of the world's largest 
public health issues, reported in millions of people every year 
[1]. Antibacterial agents are widely used in day-to-day life for 
the prevention of health issues due to the microorganisms [2]. 
The removal of bacteria from water is an important process for 
drinking and sanitation systems against growing outbreaks of 
water borne diseases [3]. Accordingly, developing material 
surface coatings with effective antibacterial abilities is vital 
for human health [4]. Due to the resistance of pathogenic 
bacteria against common antibacterial agents in the 
environment, developing novel, low cost, and environmentally 
friendly antibacterial agents is of current interest [1]. This 
purpose, several nontraditional antibacterial agents, such as 
carbon nanotubes [5], metal nanoparticles [6, 7] and metal 
oxide nanoparticles [7], have been explored in the literature. 
Recently, graphene based materials have been proposed as a 
novel effective antibacterial material, with a severe cytotoxic 
effect on bacteria [8, 9]. 

Graphene based materials are among the most promising 
engineering nanomaterials due to their unique electronic, 
thermal and mechanical properties [10-12]. These 
nanomaterials have been used as antibacterial agents with their 
physicochemical properties, such as large specific surface 
area, high electrophoretic mobility, high thermal conductivity, 
high mechanical strength and biocompatibility [1, 13, 14]. 
Additionally, graphene based materials have been reported to 
have superior antibacterial properties with minimal or no 

cytotoxicity to human and animal cells. As such these 
materials may be employed for biomedical applications [9]. 
Spreading microorganisms are particularly vulnerable to 
graphene based nanomaterials effects, since the antibacterial 
properties of graphene based materials have been proven by 
many studies [12, 15]. 

The extraordinary properties of graphene based materials, 
including antimicrobial activity, are also found in reduced 
graphene oxide (rGO) [11, 16]. A limited number of studies 
are available in the literature on the antibacterial effect of 
rGO. Liu at al. reported that rGO causes 75% loss of viability 
of Escherichia coli (E. coli) and Staphylococcus aureus (S. 
aureus) after 4 hour incubation [10]. In another study, bacterial 
concentrations of E. coli and S. aureus were inhibited by 
60.4% and 67.6% with using rGO [12]. Gurunathan at al. 
investigated that antibacterial activity of rGO in Pseudomonas 
aeruginosa, which is a common Gram-negative bacterium that 
can cause disease in humans and animals. In addition bacterial 
growth was measured as turbidity. After 4 hour incubation, the 
loss of P. aeruginosa viability was 86% treated with rGO and 
turbidity measurements steadily decreased over a 6 hour 
period [17].  

The above studies deepened our understanding of the 
interaction between rGO and bacteria. In this study 
microbiological analyzes were performed in order to evaluate 
antibacterial effectiveness of reduced graphene oxide on Total 
viable count, E-coli fecal, Enterococcus, Salmonella, 
Pseudomona aeruginosa (P. Aeruginosa), Staphylococcus 
aureus (S. Aureus) and E. coliform differently from existing 
literature. In addition to microbiological analyzes, alkalinity, 
conductivity, dissolved oxygen, turbidity, color, iron, mangan, 
nitrate, TIC (Total inorganic carbon), TOC (Total organic 
carbon), hardness, calcium and magnesium tests were 
performed on treated water with rGO.  

 

II. MATERIALS AND METHOD 

A. Materials 

sodium nitrate (extra pure), sulfuric acid (98% for analysis), 
potassium permanganate (for analysis, pH 7-9), hydrogen 
peroxide (30%), hydrochloric acid (37%), sodium 
borohydride, acetone, ethanol are supplied from Merck 
Millipore. 

Water Treatment with the Use of Reduced 
Graphene Oxide Filtration 

 CERAN1 2 1 and O. N. 3  

1 , /Turkey, ozgebildi@karatekin.edu.tr 
1 , /Turkey, bsimsek@karatekin.edu.tr 

2 , , inci_sevgili@hotmail.com 
3Bursa Technical University, Bursa/Turkey, osman.sara@btu.edu.tr 

33 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

B. Method 

rGO synthesis 
Graphene oxide was synthesized by the Hummers method. 

Graphite (initiation material), sodium nitrate and sulfuric acid 

continuous stirring for 2h via cooled circulating water 
circulating. Then, potassium permanganate was slowly added 

stirrer. Then the reaction temperature was slowly raised to 

water was added to the suspension and the reaction 

heat. The oxidation process was terminated by adding 200 ml 
deionized water and hydrogen peroxide. Yellowish/brown 
color product was separated with vacuum filtration and 
graphene oxide powders were washed for five times with 
diluted hydrochloric acid solution in order to remove metal 
ions. Then, these powder
12 h. GO was mechanically mixed in distilled water. It was 
treated thoroughly in an ultrasonic bath for three hours. 
Subsequently, sodium borohydride was added graphene oxide 
suspension. The suspension was heated in water circulator 
under pressurized reactor with 6 bar pressure for 24 hours and 

oxides were separated by centrifugation and filtration. 
Reduced graphene oxides were washed with acetone, distilled 
water and ethanol. Then these powders were dried in the under 
vacuum for 24 hours. 

 
Microbiological Analyzes 
The antibacterial effect of reduced graphene oxide was 

studied against E. coli fecal, Enterococcus, Salmonella, P. 
aeruginosa, S. aureus, E-coliform and total viable count. 
Microbiological analyzes were carried out according to the 
standards of the Turkish Standards Institute (TS266). 
Membrane filter setup was prepared for reduced graphene 
oxide (dispersion was prepared to have a solid liquid ratio of 
0.01% v/v). A filter system was placed on the growth medium 
prepared with pure water. Microbiological culture samples 
were taken for incubation according to the TS266 [12, 18]. 
Unfiltered raw water was used as a control experiment. In 
order to observe the effect of rGO, analyzes were made in 
comparison with the control experiment. 
 

III. CHARACTERIZATION OF RGO 

rGO was characterized by FTIR, Raman, XRD and SEM-
EDX. The characterization of the synthesized rGO via FTIR 
spectroscopy was depicted at Figure 1a. After the sodium 
borohydride reduction, H2O molecules and much of the groups 
which contains oxide (Carbonyl C=O, hydroxyl O-H) of GO 
are removed according to FTIR spectra [19]. 

As seen in the XRD graphic, absenting of the (002) 
reflection peak in the diffraction pattern of the rGO 
demonstrates the absolute exfoliation of the GO. The 
formation of few layers of rGO sheets lead to broad peak 

disordered rGO (Figure 1b) [20]. 
ID/IG values which should be maximized have been 

increased during the reduction process due to the formation of 
some new and smaller sp2 domains in Raman spectra (Figure 
1c) [17, 21]. Scanning electron microscopy (SEM) employed 
to characterize the morphology of rGO. SEM images of rGO 
were shown in Figure 1d [10, 17]. 
 

 
Figure 1: Characterization of rGO (a) FTIR, (b) Raman spectroscopy, 
(c) XRD analysis and (d) SEM-  
 

IV. PURIFICATION PERFORMANCE OF RGO 

A. Effect of rGO on Water Properties 

HACH DR3900 Spectroscopy was used to determine water 
properties. Performance of raw water and treated water with 
rGO were analyzed physically, chemically and biologically. 
Alkalinity is important in the control of corrosion, which 
effect of drinking water pipes. High alkalinity is not harmful 
to human health but makes drinking water unpleasant [22]. 
Alkalinity amount in raw water decreased with reduced 
graphene oxide used in filter system. A high dissolved oxygen 
level in water is good because it improve the taste of drinking 
water. However, high dissolved oxygen levels speed up 
corrosion in water pipes [22]. It was observed that the 
conductivity and dissolved oxygen amount decreased with 
using rGO. The conductivity and dissolved oxygen amount of 
treated water with rGO is in accordance with TS266 standards.  

Turbidity is a widely used parameter to evaluate the 
performance of water as it has close relationships with other 
parameters such as concentration of suspended solids and 
microbial population [23]. The color of the water is not 
necessarily dangerous and undesirable. However, some 
harmful microorganisms may live on foreign materials 
forming color [22]. So turbidity and color are important visual 
criteria for drinking water. Especially, when the turbidity is 
considered, it seems that the rGO is very successful in the 
treatment process. Iron and manganese help some bacteria for 
growing in water and cause clogging of the pipe. The presence 
of nitrate in drinking water causes various diseases. Calcium 
and magnesium are two important factors affecting hardness 
of water [22]. The disposal of metals, metallic elements and 
chemicals in raw water has been analyzed. rGO has been 
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successful in disposal of iron, nitrate, mangan, calcium and 
magnesium. 

Dissolved matter in the water comes from the presence of 
organic and inorganic pollutants. And these pollutants affect 
water properties such as taste, hardness, corrosion [24]. When 
the disposal of organic and inorganic pollutants with rGO is 
analyzed, it appears that the reduced graphene oxide is 
successful in removing organic pollutants from water. 
However, the recovery of inorganic pollutants has not been 
achieved. The presence of minerals in drinking water 
(hardness) is preferred not only because of the health benefits, 
but also the flavor. On the other hand, soft water tastes salty 
and is sometimes not suitable for drinking. However, excess 
water hardness often causes  deposits  in  pipes  and  in  
household  appliances,  which  can harbor  microbial  
communities [24]. In addition, rGO appears to be very 
effective for removing hardness of raw water. According to 
TSE266 standard, soft quality water is obtained. 

B. Effect of rGO on the Microbiological Properties of 
Water 

In this study it is aimed to prevent growing of 
microorganisms that reduce water quality and threaten human 
health with filtration of raw water with rGO. Antimicrobial 
activity of rGO was tested against the following microbial 
strains: Total viable count, E-coli fecal, Enterococcus, 
Salmonella, P. aeruginosa, S. aureus ve E. coliform. Reduced 
graphene oxide has been effective in removing of E-coli fecal, 
Enterococcus, Salmonella, P. aeruginosa, S. aureus and E. 
coliform from water. Especially rGO coated membrane filter 
showed strong antimicrobial activity against microorganisms 
such as Enterococcus, P. aeruginosa and E.coliform. 

 

V. RESULTS AND DISCUSSION 

The units of the investigated properties of water are: CaCO3 
2 mg/l (dissolved 

O2), NTU (Turbidity), Pt-Co (Color), Fe mg/l (iron), Mn mg/l 
(mangan), NO3 mg/l (nitrate), Mg/l (TIC), CO2 mg/l (TOC), 

results of alkalinity, dissolved oxygen, conductivity, turbidity, 
color, iron, mangan, nitrate, TIC, TOC and hardness for raw 
water and treated water with rGO were shown at Figure 2.  
 

 
Figure 2: Characterization of rGO (a) FTIR, (b) Raman spectroscopy, 
(c) XRD analysis and (d) SEM-  

As can be seen in the figure, rGO has decreased the 
alkalinity, conductivity, color, dissolved oxygen, turbidity and 
hardness of the water. When values of TIC and TOC are 
considered, TIC value did not decrease but TOC value 
decreased. The alkalinity of the raw water was 130 mg/l, and 
the alkalinity of the treated water with rGO was 109 mg/l. The 
results show that the water with the desired alkalinity can be 
obtained by reduced graphene oxide filtration. 

Turbidity of water treated with rGO was measured 0.82 
NTU which is under TS266 standard (1NTU). Color of the 
treated water with rGO measured as 7 Pt-Co whereas the color 
of raw water measured as 13 Pt-Co. Microbiological analyzes 
results of raw water and treated water with rGO were shown at 
Table 1. 

Table 1: Microbiological characteristics of raw water and treated 
water with rGO 

 

 If water is used for any purpose, it should not contain 
pathogenic microorganisms. Membrane filtration method, 
which is the most commonly used method in microbiological 
analyzes (Figure 3), has been used. To better understand the 
health and environmental impacts of rGO, microbiological 
tests were made on various bacteria. The results show that 
rGO shows significant antibacterial activities against above 
bacteria. The most remarkable effect of rGO filtration was on 
Enterococcus and P. aeruginosa. At the same timer GO 
induced loss of viability of E-coli fecal, Salmonella, S. Aureus 
and E.coliform. 
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rGO can be more successful in water purification. Two 
ways are suggested for this purpose: solid/liquid ratio can be 
increased and composites can be made with antibacterial 
nanomaterials. Thus, the microbiological, physical and 
chemical treatment of the water will be more successful. 

 
Figure 3:Microbiological analyzes, (a) Enterococcus (raw water), (b) 
Enterococcus (treated water), (c) Total viable count (raw water) and 
(d) Total viable count (treated water) 

VI. CONCLUSION 

In this study firstly rGO was synthesized and characterized, 
then rGO dispersion has been prepared to 0.01(v/v). After that 
the physical (turbidity, color), chemical (hardness, TIC, TOC) 
and microbiological properties have been determined as the 
quality criteria of raw and treated water with rGO based 
filtration membrane synthesis process. Microbiological 
analyzes were carried out according to the standards of the 
Turkish Standards Institute. In addition, the physical and 
chemical properties of water treated with rGO were also 
analyzed. Some of the physical and chemical quality criteria 
for drinking water are alkalinity, dissolved oxygen, turbidity, 
color, iron, manganese, nitrate, TIC, TOC, hardness, calcium 
and magnesium. For this reason measurements were taken for 
these criteria. 

rGO has decreased the alkalinity of the water %16.2, 
dissolved oxygen of the water %4.2, conductivity of the water 
%6.3 compared to the raw water. Raw water filtrated with 
rGO proved color improvement of %46.2, whereas turbidity 
showed %72.6 improvement rates. 

Reduced graphene oxide filtration was very effective of 
iron, mangan and nitrate ions elimination rates were found as 
%90 %68 ve %16.7 respectively. 

Improvement rates on TOC and hardness were found as 
%58 and %16.5, whereas reduced graphene oxide filtration 
was not effective on TIC elimination. This method was 
determined to be partly effective on calcium and magnesium 

elimination. Elimination rates were observed as %9 for 
calcium and %39 for magnesium. 

The antibacterial properties of rGO were tested against the 
Total viable count, E. coli fecal, Enterococcus, Salmonella,  P. 
aeruginosa, S. aureus and E. Coliform. Reduced graphene 
oxide filter method was successful on elimination of 
microorganisms. rGO respectively induced 44%, 100%, 35%, 
99%, 58% and 80% loss of viability of E-coli fecal, 
Enterococcus,  Salmonella, P. Aeruginosa, S. Aureus and 
E.coliform. rGO has higher antimicrobial ability against 
Enterococcus and P. Aeruginosa (respectively causing death 
of 100% and 99% of the bacteria) than against other bacteria. 
But there was no significant improvement in the Total viable 
count. 

The present study showed that rGO exhibited antibacterial 
properties. As a conclusion rGO nano materials are convenient 
for drinking water filtration and provides cheaper alternative 
to conventional methods. 
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Abstract - A novel mammographic feature ensemble is 
proposed for breast cancer diagnosis on a computer-aided 
diagnosis (CAD) system in this paper. The proposed feature 
ensemble is verified on a publicly available database constructed 
by the Mammographic Image Analysis Society (MIAS). The CAD 
system in this paper consists of four fundamental stages: pre-
processing, suspicious region (region of interest  ROI) detection, 
mammographic feature extraction, and breast cancer diagnosis. 
In the pre-processing stage, digitization noise reduction, artifact 
suppression and background removal, and pectoral muscle 
removal are realized using median filtering, morphological 
operations, and a region growing method, respectively. Then, in 
the second stage, ROI detection is performed using Chan-Vese 
active contour modelling by manual initial contour selection.  In 
the feature extraction stage, 11-dimensional mammographic size, 
density, contour, and shape features are extracted from the ROIs 
detected in the second stage. These features are indexed to the 
values between 1 and 10 to eliminate the domination of high-
valued features over others. Finally, in the last stage, the indexed 
mammographic features are classified according to their health 
status into normal, benign cancer, and malignant cancer using 
Logistic Linear Classifier (LLC) by 5-fold cross-validation 
technique and 83.25% classification accuracy is achieved. The 
confusion matrix of the study shows that malignant cancer is 
successfully diagnosed. 

 
Keywords - Breast cancer, digital mammography, computer-

aided diagnosis, feature extraction, mammographic features. 
 

I. INTRODUCTION 

ORTALITY rate caused by breast cancer can be reduced 
by early diagnosis [1]. Breast cancer screening methods 

include self-examination, clinical breast examination, 
mammography, ultrasound imaging, magnetic resonance 
imaging and tissue aspiration. Mammography, examined in 
this paper, is one of the imaging techniques used to diagnose 
breast cancer by obtaining the Cranio-Caudal (CC) and 
Mediolateral Oblique (MLO)-view graphs by compressing the 
breast applying low dose radiation. 

The calcifications, well-defined masses, asymmetry between 
two breasts of a patient, architectural distortion on breast 
parenchyma, alterations in skin and trabeculae, and axillary 
lymph node pathologies are the symptoms of breast cancer 
analyzed by radiologists. 

Microcalcifications, known as cancer precursor, seem as 

radiopaque (bright) masses smaller than 1 mm. Regular-shaped 
microcalcifications with uniform distribution are considered as 
benign cancer precursors while irregular-shaped 
microcalcifications indicate the malignant cancer risk.  

Macrocalcifications, calcifications larger than 1 mm, sign 
the benign cancer possibility although all types of 
calcifications are thought as malignant cancer precursors if 
they place in ductal system.  

Radiologists analyze masses according to their density, 
shape, contour, size, accompanying findings, and changes 
according to old films. The radiolucency (darkness) of masses 
show benignity while radiopaque ones are considered as 
malignant cancer cells. Undetermined contours or increment in 
the size and irregularity of the mass rise the risk of 
malignancy. Although how irregular-shaped or unbounded-
contoured the mass is, it is said to be benign if it contains fat. 

Radiologists state that the determination of these symptoms 
is directly related to the breast tissue type. The Breast 
Imaging-Reporting and Data System (BI-RADS) categorizes 
the breast tissue types as fatty, fatty-glandular, 
heterogeneously-dense, and extremely dense. The symptoms 
are easily determined in fatty-breast tissue types while it 
becomes more difficult as the breast tissue type becomes 
denser. In this respect, using computer-aided diagnosis (CAD) 
systems increase the sensitivity of cancer diagnosis by 
providing radiologists reconsideration of mammography 
images. A typical CAD system generally comprises four 
stages: pre-processing, region of interest (ROI) detection, 
feature extraction, and classification. In the pre-processing 
stage, contrast and structural enhancement operations are 
realized. The suspicious regions, namely ROIs, on 
mammography images for breast cancer are detected in the 
ROI detection stage, and features of these ROIs are extracted 
in the following stage. Finally, in the classification stage, 
breast cancer diagnosis is achieved.  

There are several methods for the feature extraction stage of 
a CAD system for breast cancer diagnosis in the literature. 
These techniques mainly focus on statistical [2,3], model-
based [4, 5], graph-theoretic [6], and signal processing [7] or 
frequency spectrum [8] techniques. Besides, mammographic 
features [9 11] like shape, spicule index, contour, size, 
density, and brightness are also used in the literature. 

In this paper, a CAD system performing mammographic 
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feature extraction is proposed for breast cancer diagnosis. In 
the first stage of the proposed system, pre-processing of 
mammography images is realized for digitization noise 
reduction, artifact suppression and background removal, and 
pectoral muscle removal. Then, in the second stage, ROI 
detection is executed, and mammographic feature extraction is 
achieved in the third stage. Finally, breast cancer diagnosis is 
accomplished in the last stage.  
This paper is organized as follows: The database used in this 
study, the pre-processing and the ROI detection stages of the 
proposed CAD system are briefly explained in the following 
section. The mammographic feature extraction is also 
explicitly described, and breast cancer diagnosis procedure is 
given in this section. The obtained results and the discussions 
are given in Section 3. The main conclusions are presented in 
the last section. 

 

II. MATERIAL AND METHODS 

A. Database 

A publicly available database constructed by the 
Mammographic Image Analysis Society (MIAS) is used for 
the verification of the proposed system in this paper. The 
MIAS database comprises MLO-view whole-breast 
mammography images 
of 8 byte/pixel 12]. This database includes 
322 images of 161 patients with three breast tissue types: 106 
fatty, 104 glandular, and 112 dense where some of the images 
have more than one abnormality resulting in 330 diagnoses 
with 207 normal, 69 benign, and 54 malignant cases with more 
than one abnormality in some of the images [12]. The database 
also includes the ground truth information of the images.  
Sample images of each class in the MIAS database are shown 
in Figure 1. The rows and the columns in the figure show 
samples of health status and breast tissue types, respectively. 

. 
 

 
Figure 1: Sample mammography images in the MIAS database. 

 
 

 
Figure 2: Sample mammography image. 

 

B. Pre-Processing 

ROI detection is an essential stage for CAD systems in 
terms of both reliability and complexity instead of using 
whole-breast mammography images. ROI detection is realized 
by considering the intensity differences based on the reason of 
ROIs having brighter intensity levels than the breast 
parenchyma. As it can be clearly seen in a sample 
mammography image in Figure 2, the presence of pectoral 
muscles in MLO-view mammography images, the low- and 
high-level artifacts caused by labeling, and speckle noise due 
to digitization aggravates the intensity-based ROI detection 
procedure. Hence, a pre-processing stage is realized in this 
paper to eliminate the negative effects of these factors.  

The images in the database are median filtered for 
digitization noise reduction in this paper [13]. Then, artefact 
suppression and background removal operations are executed 
by assuming the largest area in the binary level of the 
mammography image as the breast parenchyma, and the 
images are left-aligned to have the pectoral muscles at the 
upper left corner of the images [13]. The algorithm proposed 
by Nagi et al. is applied to determine the orientation of the 
images [14]. After all, pectoral muscle removal is realized 
using a region growing algorithm by an intensity-based initial 
seed point selection and applying a post-processing using a 
gradient-based methodology [13]. The pre-processing steps are 
visualized on a sample mammography image in Figure 3. 

C. Suspicious Region Detection 

Region-based Chan-Vese active contour modelling is used for 
ROI detection from mammography images in this paper. Initial 
contour of the modelling is selected manually as a point having 
the suspect of containing any abnormality.  
 

 
Figure 3: The pre-processing steps of the proposed system: 

(a) The original image, (b) The noise-reduced image, (c) The 
artifacts-suppressed and background-removed image, (d) The left-

aligned image, (e) The pectoral muscle-removed image. 
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Then, connected component analysis is applied to the 
segmented region obtained by applying Chan-Vese active 
contour modelling to the selected point to remove irrelevant 
pixels, and filling operation is performed for enhancement. 
ROI detection scheme used in this paper is shown on a sample 
mammography image in Figure 4.  

D. Mammographic Feature Extraction 

Radiologists analyze the abnormalities in mammography 
images by examining the density, shape, contour, size of the 
abnormalities, accompanying findings, and changes according 
to old films, and plan the diagnostic process.  
Although the radiolucency of masses indicates benignity as 
radiopacity signs malignancy, it can be deceptive to think 
malignancy for a dense tissue-typed breast. Hence, other 
mammographic symptoms also need to be analyzed. The risk 
of malignancy increases as the shape of the abnormality 
becomes irregular-shaped, unbounded-contoured, or larger-
sized however, it shows benignity if it contains fat. Sample 
ROI images with various density, contour, and shape are 
illustrated in Figures 5, 6, and 7, respectively. 

 

 
Figure 4: The phases for the proposed ROI detection system: 

(a)The pre-processed image, (b) The user-defined initial point for the 
Chan-Vese algorithm, (c) The segmented ROI in the original binary 
image, (d) The enhanced ROI in the original binary image, (e) The 

binary ROI image, (f) The gray-scale binary image, (g) The 
segmented ROI region, (h) The reference ROI region. 

 

 
Figure 5: Sample ROI images with various types of density [15]. 

 

 
Figure 6: Sample ROI images with various types of contour [22]. 

 

 
Figure 7: Sample ROI images with various types of shape [22]. 

 

 
Figure 8: Images used for the mammographic feature extraction: 
(a) A sample breast parenchyma, (b) A sample ROI, (c) A sample 

ROI patch. 

 
In the view of such information, mammographic features 

defining the size, density, contour, and shape of the 
abnormalities are extracted in this paper. As shown in Figure 
8, the breast parenchyma, ROIs, and ROI patches are used for 
the feature extraction stage.  

For defining the size feature of the abnormality, initially, the 
area of the ROI is calculated as the total number of pixels 
within it. The size feature is than defined as the ratio of the 
area of the ROI and the area of the whole-breast to eliminate 
the effect of large breasts. The area borders of the breast 
parenchyma and the ROI are shown on a sample 
mammography image in Figure 9. 

The density of a ROI is defined by breast density, degree of 
ROI radiolucency, and degree of ROI radiopacity. The breast 
density is calculated by the ratio of the number of pixels with 
intensity level higher than a certain threshold to the area of the 
breast parenchyma. Three different threshold values are 
specified to segment the whole-breast mammography image 
into the background, the breast parenchyma, the pectoral 
muscle, and the ROI using Ots -thresholding technique. 
By analyzing the obtained segments, the optimum threshold is 
selected as the average of the second and the third thresholds. 

 

 
Figure 9: The area borders of the breast parenchyma and the ROI. 
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The degree of ROI radiolucency is calculated based on the 
knowledge of increased benignity possibility of the 
abnormality comprises fat. It is defined as the ration of number 
of pixels darker than a specified threshold to the number of 
pixels within the ROI. The optimum threshold for 
radiolucency is selected as 200 by trial and error in this paper. 

The degree of radiopacity is computed based on the fact that 
brighter abnormalities increase the risk of malignancy. It is 
defined as the ratio of the maximum to the minimum intensity 
levels of the ROI.  

The contour information of a ROI is defined as the 
prominence of the contour in the parenchyma and by 
calculation of boundedness of the contour.  The prominence of 
a contour is directly related with the similarity of the ROI and 
the parenchyma densities as seen in Figure 6 (d). Hence, 
prominence of a contour is calculated as the ratio of mean 
intensities of ROI and the breast parenchyma. 

 The boundedness of a ROI is the measure of how contours 
are bounded (Figure 6 (a)) or not (Figure 6 (e)). Compactness, 
computed as given in (1), is defined for boundedness in this 
paper. The terms , , , and refer to the compactness, 

area, perimeter, and the radius of the ROI, respectively.  
 

                                   (1) 

 
Compactness is zero when the ROI is perfect bounded, and 

increases inversely proportional to the boundedness. 
The shape of a ROI is defined according to its roundness, 

ovality, eccentricity, solidity, and irregularity in this paper. 
The roundness feature is computed as given in (2). The term 

in the equation is the total number of pixels within the ROI, 
 and  refer to the radius and roundness of the ROI, 

respectively. The major, minor, and radius axes on a sample 
mammography image is shown in Figure 10. It is clear from 
the equation that the roundness is equal to one when the ROI 
have a perfect circle shape, and deviates from one otherwise.  
 

                   (2) 

 

 
Figure 10: The major, minor, and radius axes on a sample 

mammography image. 

 
 

 
Figure 11: The smallest convex area of the ROI of a sample 

mammography image. 

 
Similarly, the ovality ( ) and eccentricity ( ) indicate how 

a ROI have an oval and an ellipse shape, respectively. The 
ovality is calculated as given in (3), and the eccentricity is 
formulated as in (4). 

 

     (3) 

 

   (4) 

 
The solidity of a ROI defines the regularity of its shape. The 

smallest convex area surrounding the ROI is computed. Then, 
the ratio of the area of the ROI to this convex area is defined 
as solidity. The smallest convex area of the ROI of a sample 
mammography image is shown as red in Figure 11.  

Finally, the ROI irregularity is computed as the rate of 
number of changes to the number of total pixels on the ROI 
contours. The ROI irregularity is larger for irregular ROIs like 
shown in Figure 7(d), and smaller for regular ones.  

E. Breast Cancer Diagnosis 

In the last stage of the proposed system, breast cancer 
diagnosis is achieved classifying the 11-dimensional 
mammographic features extracted from the ROIs of 110 
selected images in the MIAS database which are marked as 52 
normal cases, 40 benign cancers, and 18 malignant cancers in 
the ground truth. Logistic Linear Classifier (LLC) is used for 
the classification with 5-fold cross-validation technique. It 
means that 95% of each class (49 normal, 38 benign cancers, 
and 17 malignant cancers) are used for training while the 
remaining 5% (3 normal, 2 benign cancers, and 1 malignant 
cancers) are treated as the test parts. The process is repeated 
for each fold in the cross-validation technique, and the average 
evaluation metrics are obtained.  

F. Technical Computational Sources 

The proposed CAD system in this paper is executed using 
MATLAB R2015a designed by MathWorks. The 

-thresholding 
technique is realized via the Image Segmentation and Analysis 
while the measurements of area ( ), perimeter ( ), major and 

minor axis lengths are computed by using Image Region 
Analyzer, and the Chan-Vese algorithm is run using Image 
Segmenter applications in the Image Processing Toolbox 9.2 
of MATLAB R2015a. 
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Table 1: Performance evaluation metrics and their  
         mathematical representations. 

Performance 
Evaluation Metrics 

Mathematical Representations 

TP: True Positive   TN: True Negative 
FP: False Positive  FN: False Negative 

: Number of classes    : number of data in the class 

SNS  

SPC 100%
FPTN

TN
SPC  

PPV  

NPV  

FPR  

FNR  

FDR  

FOR  

ACC  

G. Performance Evaluation Metrics 

predictive value (PPV), negative predictive value (NPV), 
false-positive rate (FPR), false negative rate (FNR), false 
discovery rate (FDR), false omission rate (FOR), and accuracy 
(ACC) are used for the evaluation of the performance of the 
CAD system in this study. The mathematical representations of 
these metrics are given in Table 1.  

 
Figure 12: The achieved average performance evaluation metrics of 

the proposed system. 

 

Table 2: Total confusion matrix obtained from the proposed 
system. 

 Predicted Classes 
Normal Benign Malignant 

Actual 
Classes 

Normal 46 9 0 
Benign 11 25 4 

Malignant 1 0 19 

III. RESULTS AND DISCUSSION 

The mammographic features are indexed to the values 
between 1 and 10 to eliminate the domination of high-valued 
features over others. Breast cancer diagnosis is accomplished 
by classifying the resultant 11-dimensional mammographic 
feature vector by LLC using 5-fold cross-validation technique 
according to their health status. The achieved average 
performance evaluation metrics are shown in Figure 12, and 
the obtained total confusion matrix is given in Table 2. 

IV. CONCLUSION 

A CAD system performing mammographic feature 
extraction is proposed for breast cancer diagnosis in this paper. 
The proposed system is verified on the selected 110 images in 
the MIAS database. These images consist of 52 normal cases, 
40 benign, and 18 malignant cancers. Mammographic feature 
extraction is realized on pre-processed and ROI-detected 
images. These mammographic features basically define the 
size, density, contour, and shape of the ROIs that are stated as 
the preliminary symptoms of breast cancer on mammography. 
In this paper, breast density, degree of ROI radiolucency, and 
degree of ROI radiopacity is calculated for the density 
information of a ROI where the prominence and the 
compactness are computed as the ROI contour descriptors, and 
roundness, ovality, eccentricity, solidity, and irregularity are 
the ROI shape descriptors. Then, these features are indexed to 
the values between 1 and 10 to eliminate the domination of 
high-valued features over others. Finally, breast cancer 
diagnosis is achieved by classifying the resultant 11-
dimensional mammographic feature vector by LLC using 5-
fold cross-validation technique with an average accuracy of 
83.25%. 

It is observed that the mammography images with malignant 
cancer are successfully classified. This consequence explicitly 
shows the reliability of the proposed system. The false-positive 
and the false-negative results of benign cancer class belong to 
the normal class as seen in Table 2. This situation indicates 
that the mammographic features extracted in this paper only 
differentiates the malignancy.  

In conclusion, it is thought that the success of the proposed 
system can be increased by improving the mammographic 
features as they can magnificently classify all classes in the 
future studies. 
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Abstract - In this paper, an automated computer-aided 
detection (CADe) system for breast cancer is proposed and 
verified on a publicly available database constructed by the 
Mammographic Image Analysis Society (MIAS). This database 
consists of 330 diagnoses with 207 normal, 69 benign, and 54 
malignant cases with more than one abnormality in some of the 
mediolateral-oblique (MLO)-view images. Initially, a pre-
processing stage is realized to eliminate the negative effects of 
digitization noise, labelling artifacts, and pectoral muscles for an 
intensity-based ROI detection scheme. In this stage, digitization 
noise reduction is realized via median filtering. Then, artefact 
suppression and background removal operations are executed by 
assuming the largest area in the binary level of the 
mammography image as the breast parenchyma. Then, a region 
growing algorithm is used for pectoral muscle removal. In the 
second stage of the proposed CADe system, ROI detection for 
breast cancer is realized using Chan-Vese active contour 
modelling. The initial contour of the modelling is manually 
selected by the user in the proposed system. Chan-Vese active 
contour modelling is then applied to the initial-manual-selected 
contour by executing one and two iterations, and two different 
possible ROI segments are obtained. A decision criterion, which 
computes the percentage change in the difference of the mean 
value differences of the inside and outside of the segmented ROI 
to the mean value of the inside of the segmented ROI for both 
iteration results, is constituted for the selection of the resultant 
ROI. In this respect, the possible ROI segment with high change 
rate in the decision criterion is selected as the resultant ROI. 
Finally, connected component analysis is applied to the ROI 
image to remove irrelevant pixels, and filling operation is 
performed for enhancement. Satisfactory results are obtained by 
the proposed CADe system.  

 
Keywords  Breast cancer, digital mammography, computer-

aided detection, Chan-Vese active contour modelling.  

 

I. INTRODUCTION 

OMPUTER-aided detection (CADe) and computer-aided 
diagnosis (CAD) systems for breast cancer allow 

radiologists to reconsider mammography images resulting in 
increased sensitivity of early detection which can reduce the 
mortality rate.  

Analysis of suspicious regions for breast cancer (Region-Of-
Interest - ROI) instead of whole mammography images in 

CAD systems is more efficient in terms of both reliability and 
complexity. The abnormalities in the breast parenchyma are 
defined as the gray-level differences in the mammography 
image.  Differentiating the gray-levels in the parenchyma 
becomes difficult when digitization noise, labelling artifacts, 
and pectoral muscles occur in the mediolateral oblique 
(MLO)-view whole-breast mammography images. Hence, a 
pre-processing stage becomes the initial step of a CAD/CADe 
system. Smoothing filters [1], histogram processing operations 
[2], and frequency-domain operations [3] are frequently used 
methods for noise reduction while morphological operations 
are used for artifact suppression [4]. The studies on pectoral 
muscle removal in the literature focus on line detection 
methods [5], graph-based approaches [6], and region-based 
approaches [7]. 

ROI detection can be performed by either edge-based or 
region-based methods. Template matching [8, 9], isocontour 
mapping [10], image thresholding [11, 12], fuzzy C-means 
clustering [13, 14], probabilistic approaches [15] are 
commonly used methods for ROI detection in the literature. 

An automated CADe system for breast cancer diagnosis is 
proposed in this paper. A pre-processing of mammography 
images is implemented for digitization noise reduction, artifact 
suppression and background removal, and pectoral muscle 
removal in the first stage of the proposed system.  

 

 
Figure 1: Sample mammography images in the MIAS database. 
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ROI detection is achieved by the Chan-Vese active contour 

modeling [16] initialized by a user-defined single point, and 
morphological post-processing is performed for segmentation 
enhancement in the second stage. 

This paper is organized as follows: The database and the 
method used for ROI detection is explained in Section 2 while 
the experimental studies are defined in Section 3. Finally, the 
main conclusions are presented in the last section.  

 

II. MATERIALS AND METHODS 

A. Database 

A publicly available database constructed by the 
Mammographic Image Analysis Society (MIAS) is used for 
the verification of the proposed CADe system in this paper. 
This database comprises 322 MLO-view mammography 
images of 161 patients having three breast tissue types of 106 
fatty, 104 glandular, and 112 dense; and 330 diagnoses with 
207 normal, 69 benign, and 54 malignant cases with more than 
one abnormality in some of the images [17]. The images are in 

resolution of 8 bits/pixel. The database also includes the 
ground truth information of the images. The images are resized 

images of each class in the MIAS database are shown in 
Figure 1. The rows and the columns in the figure show 
samples of health status and breast tissue types, respectively. 

B. Active Contour Modelling 

The original active contour modelling is stated as defining a 
closed elastic spline, namely snake, on the edges of the ROIs 
in an image [18]. A two-dimensional snake modelled by active 
contour algorithm is represented as given in (1). The terms  

and  are the coordinates of the position of the snake defined 

by the parametric definition set element  dependent to time 

. 

 

                 (1) 

 
The closed spline in this algorithm is defined by the 

movement of the snake achieved by energy minimization 

where the position of the snake on an image  is defined as 

the sum of the energy of the image , the internal 

energy  and the external energy  as given in 

(2). 
 

                 (2) 

 
 The energy of the image moves the snake to the details of 

the image like lines or edges while the internal energy controls 
the shape of the snake and the external energy encourages the 
snake to be close to the local minimums in the ROI according 

to the gradient magnitudes [19]. The active contour algorithm 
starts by the selection of an initial snake inside or outside of 
the ROI, and continues with the movement of the snake by 
iterations until the snake takes the shape of the ROI which 
means the high image gradient is reached and the energy 
balance is satisfied.   

C. Chan-Vese Active Contour Modelling 

The regional active contour modelling proposed by Chan 
and Vese segments the ROI of an image without using the 
gradient information conversely to the original active contour 
modelling [16]. The initial contour is selected as a mask by 
this algorithm, and energy minimization is satisfied by 
contracting and expanding the size of the mask. Chan and 
Vese define the energy function based on the Mumford-Shah 
method and level set analysis [16]. The energy function 

 of the Mumford-Shah method for an image , is 

defined as given in (3). The term  in the equation refer to 

the boundary of the contour that separates the image into the 
ROI and the background. 

 

    (3) 

 
The equation (3) is reduced to equation (4) when  is 

assumed constant for  [].  

 

                (4) 

 
In respect of Mumford-Shah method, the reduced energy 

function defined by the Chan-Vese algorithm for an image  

that is segmented in two regions by the initial contour  is 

given in (5). The terms  and  in the equation refer to the 

averages of the regions inside and outside of the contour , 

respectively. 
 

                (5) 

 
The first term, , in the energy function is the 

term of regularization that prevents the final contour to 

combine with a small area due to noise while  and 

 are the energy of the regions inside and outside of the 

contour , that force the contour to contract and expand, 
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respectively. 

The level-set function  is applied to compute the 

energies  and  by the Chan-Vese algorithm. The 

representation contour  by the level-set function are given in 

(6), and the movement of the contour is defined as given in 
(7).  
 

              (6) 

 

                              (7) 

 
The level-set function maybe positive, negative, or equal to 

zero based on the bilateral positional state of the ROI and the 
contour . Positivity and negativity of the level-set function 

indicate that the contour is outside and inside of the ROI, 
respectively while the contour is said to be on the boundary of 
the ROI if the level-set function is equal to zero that means the 
energy balance is achieved. The algorithm continues until the 
number of maximum iterations is reached unless the energy 
balance is satisfied. 

III. EXPERIMENTAL STUDY 

An automated CADe system comprises typically two 
main stages, the pre-processing and the ROI detection, is 
proposed in this paper. The pre-processing stage of the 
proposed system consists of three phases. Initially 
digitization noise reduction is realized via median filtering 
[20]. In the second phase, artifact suppression and 
background removal operations are executed by some 
morphological operations. The largest area of the whole-
breast mammography image is assumed to be the breast 
parenchyma in this phase [20]. Finally, pectoral muscle 
removal is performed in the last phase. A region growing 
algorithm is used for pectoral muscle removal where the 
initial seed point is selected using region-based intensity-
level differences of the mammography image, and a post-
processing sub-phase is realized based on image gradients 
[20]. The phases of the pre-processing stage are shown on a 
sample mammography image in Figure 2. 
 

 
Figure 2: The phases for the pre-processing stage of the 

proposed system: 
(a) The original image, (b) The noise-reduced image, (c) The 

artifacts-suppressed and background-removed image, (d) The left-
aligned image, (e) The pectoral muscle-removed image. 

 
Figure 3: The possible segmented ROIs by both iterations of a sample 

mammography images: 
(a) The segmented ROI after 1 iteration, (b) The segmented ROI after 

2 iterations. 

 
In the second stage of the proposed CADe system, ROI 

detection is achieved using region-based Chan-Vese active 
contour modeling [16]. The initial contour for the Chan-Vese 
algorithm is manually selected as a single point instead of a 
multi-dimensional mask originally proposed by Chan and Vese 
[16], by the user to give the chance of analyzing all suspected 
regions in the proposed system. It is observed that the Chan-
Vese algorithm segments almost the same regions of the ROIs 
after two iterations. Hence, this algorithm is applied to all pre-
processed images on the user-defined initial point at a 
maximum number of iterations of two acquiring two possible 
ROI segments. Then, a decision criterion, given in (8), is 
formulated for the selection of the resultant ROI in this paper.  

 

           (8) 

 
The terms  and  in the equation refer to the 

mean values of the regions inside and outside of the 
segmentation boundary, respectively. The decision criterion 
formulated as given in (8) compares the percentage 
differentiation rate of the mean values of inside and outside of 
the possible ROIs segmented by the Chan-Vese algorithm in 
one and two iterations. A low percentage rate of differentiation 
indicates the presence of areas outside the ROI that are similar 
to the segmented region in terms of intensity. It is visible to 
continue the iterations for a better segmentation in this case. 
Hence, the possible ROI with high percentage differentiation 
rate is selected as the resultant ROI. The possible segmented 
ROIs by both iterations of a sample mammography images are 
shown in Figure 3. The images in the figure are histogram 
equalized for a better visualization. 

There may be irrelevant and missing pixels on the selected 
ROIs as seen in Figure 4(c). Therefore, a post-processing on 
the ROIs is performed for removing irrelevant and missing 
pixels by applying connected component analysis and 
morphological filling operation to the ROIs, respectively for 
enhancement. Finally, the ROIs are removed from the original 
binary image. The phases for the ROI detection system 
proposed in this paper are visualized on a sample 
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mammography image in Figure 4.  
 

 
Figure 4: The phases for the proposed ROI detection system: 

(a)The pre-processed image, (b) The user-defined initial point for the 
Chan-Vese algorithm, (c) The segmented ROI in the original binary 
image, (d) The enhanced ROI in the original binary image, (e) The 

binary ROI image, (f) The gray-scale binary image, (g) The 
segmented ROI region, (h) The reference ROI region.   

IV. CONCLUSION 

A practical CADe system is proposed for breast cancer 
diagnosis and verified using the MIAS database in this paper. 
Initially, a pre-processing stage is realized, and then ROI 
detection is performed by the Chan-Vese active contour 
modeling [16]. The MIAS database has the ground-truth of a 
ROI any image about the center coordinates and the radius of 
the pad that encircle the ROI. However, there is no 
information about the contours of the ROI. Therefore, the 
reference ROIs of all the images in the database are verified, 
and the success of the proposed system is considered by a 
radiologist manually.   

It is observed that the proposed system gives satisfactory 
results for the ROI detection. Besides, the proposed system 
enables the radiologists to analyze all the regions intended by 
the user-defined initial point selection for the segmentation 
algorithm. This consequence shows that the proposed CADe 
system is nonrestrictive.  
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Abstract - Text classification has become one of the key 
techniques for organizing information over the recent years. It can 
be used for organizing document databases, filtering spam emails, 
routing e-mails, identifying languages or sentiment analyses. In 
addition, the flow and storage of information and documents in the 
electronic environment have increased considerably. This 
situation has released rapid access to the requested document. 
Because of this need, it is aimed to increase access quality by 
classifying documents in the electronic environment. In this paper, 
Naive Bayes classification method which is based on the popular 

-
containing documents. This method is generally chosen as the 
baseline in text classification because of its fast and easy 
implementation.  Documents may be classified according to their 
subjects or other attributes such as author, document type, and 
printing year. In this paper, we categorize text files according to 
their content. Text documents with different subjects in the folder 

 data structure. Each word 
read from the file is checked for stopword before it is added to 
treemap. Because these words do not have a distinctive feature in 
text classification, so there is no need to participate in the 
calculation of probability. In addition, characters without any 
meaning such as spaces, numbers and punctuation marks in the 
documents have been eliminated and the capital letters have been 
converted into lowercase letters. As a result, for each document 
read, the results of the probabilities are compared and the 
document at that time is categorized depending on likelihood. 
Consequently, we can categorize text documents effectively by 
spending less time than expected.  
 

Keywords - Bayes theorem, document classification, machine 
learning, probability, stop words. 
 

I. INTRODUCTION 

The field of text classification has taken attention lots of 
interest from machine learning and the industry. Text 
classification, also named topic classification, is a methodology 
to categorize pieces of text into classes. Simple Bayesian 
classifiers is a probabilistic approach which uses a collection of 
labeled training examples in order to estimate the parameters of 
the generative model. Therefore, classification on new 
examples is performed with Bayes' rule. Naive Bayes model is 
easy to implement and especially useful for large datasets. In 
addition to simplicity, Naive Bayes is known to outperform 
even highly sophisticated classification methods. Real-time 
prediction, multi-class prediction, text classification, spam 
filtering, sentiment analyses and recommendation systems are 

 
among Naive Bayes Algorithm applications. The main aim of 
the paper is to determine the category of the mentioned papers 
by looking at the content properties of the previously 
categorized paper. In literature, various classification methods 
have been developed in the direction of this study such as Naive 
Bayes, decision trees, k-nearest neighbor model, maximum 
entropy models, fuzzy logic theory approaches, support vector 
machines and artificial neural networks.In this study, Naive 
Bayes classification method has been used. In the literature, a 
large number of approaches are presented for solving the text 
classification problem. Wang and Sun[1] proposed maximum 
margin projection (MMP) used to obtain low dimensional 
feature space and least square support vector machines (LS-
SVM). According to extracted semantic features, LS-SVM 
classifier was used to classify the test documents. Zhao et al.[2] 
worked on a novel solution to classify uncertain XML 
documents using two uncertain learning algorithms based on 
Extreme Learning Machine (ELM).Wu et al.[3] suggested a 
new classification approach based on Wikipedia matching 
which is called efficient Wikipedia semantic matching 
approach, represents each document as a concept vector in the 
Wikipedia semantic space in order to understand text semantics. 
Agnihotri et al.[4] proposed a novel Variable Global Feature 
Selection Scheme (VGFSS) select number of features from 
each class depending on the distribution of terms in the classes. 
The algorithm ensures the minimum number of terms selected 
from each class. Finally, Bhushan and Danti[5] addressed the 
problem of text classification by considering Sentence-Vector 
Space Model (S-VSM) and unigram representation models for 
the text document. In order to capture effective semantic 
information, a neural network based representation for text 
document was preferred. 

This article is ordered as follows: a brief introduction of 
various techniques of text classification and literature review 
are presented in Section 1. Naive Bayes approach and its 
mathematical definition are presented in Section 2. This section 
also includes learning algorithms. 
text classification and the experimental results are presented in 
Section 3. Finally, this article will be concluded by drawing 
conclusions of Naive Bayes method for text classification in 
Section 4. 
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II. RELATED WORK 

Naive Bayes Algorithm and Mathematics of the Algorithm 
 

provides a method to calculate the conditional probability. For 
instance, we can obtain the probability of an event based on 
previous knowledge available on the events. The theorem 
calculates the posterior probability such as  and  
from  and  probability values. This approach is called 
conditional independence assumes that the effect of the value 
of  on a class of  is independent of the values of other values. 
The probability is calculated as follows: 

 

 

 
where is the conditional probability of occurrence of 
event  given the event  is true,  and  are the 
probabilities of the occurrence of event  and  respectively, 
and is the probability of the occurrence of event c given 
the event x is true. The terminology in the Bayesian method of 
probability is as follows: 

  is called the proposition and  is called the evidence. 
  is called the prior probability of proposition and 

 is called the prior probability of evidence. 
  is called the posterior.  
  is the likelihood. 

 for class . In a 
machine learning classification problem, there are multiple 
features ( and classes . The main 
purpose of the Naive Bayes algorithm is to calculate the 
conditional probability of an object with a feature vector 

 belongs to a particular class . As a result, the 
equation can be shown as follows: 

 

  for  

 
Finally, the equation can be updated as follows: 
 

 
 

 
 

  

  

 

 

 
The conditional probability term,  

becomes ) because of the assumption that features are 

independent. We can obtain the following easy equation: 
  

 

for . The expression  is constant for 
all classes. In order to obtain the result, we can use the equation 
below: 

 

 
Learning Algorithms 
 

Machine learning methods are generally divided into 
supervised and unsupervised learning algorithms. 
Mathematically, supervised learning where you have input 
variables  and output variable  aims to learn the mapping 
function from the input to the output. It can be defined as an 
equation as follows:  
 

 
 

Learning from the training dataset in the process of learning 
an algorithm can be described as a teacher supervising the 
learning process. The algorithm makes predictions on the 
training dataset. Learning terminates when the algorithm 
reaches a satisfactory performance. Supervised learning 
problems can be grouped into regression and classification 
problems. 

Unsupervised learning is where there are only input data and 
no corresponding output variable. This learning algorithm 
process data without labels and are trained to find patterns. In 
order to learn more about the data, this approach tries to model 
the underlying structure in the data. The cause of calling 
unsupervised learning is that there is no teacher and correct 
answer. Examples of traditional unsupervised learning 
algorithms are principal component analysis, association 
problems, and clustering methods.  

III. TEXT CLASSIFICATION USING BAYES 

Most text classification techniques use some word 
featurization. It turns the text into a numeric representation. 
This numeric representation allows easy and fast computing. 
One of the notable techniques is the bag of words which 
consists of computing the frequency of each word in the text as 
a histogram[6]. This model is commonly used in methods of 
document classification where the frequency of each word is 
used as a feature for training a classifier.  

In the related study, training documents were collected firstly 
and grouping operations were performed according to the 
categories. According to training documents, attribute word 
values were created. This process has followed the steps of 
training and testing the system. Firstly, collected and grouped 
training documents are processed. During this process, words 
are taken from the documents and characters that do not have 
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any meaning such as numbers, spaces, and punctuation marks 
are eliminated. Stopwords which have not any important 
meaning extracted from the word list. The stopwords 
determined in the application can be listed as follows: 

 

ama  
ben 

ilk 

sen 

ile 

 
bile 

hem 

her 

bir 
gibi 

kez 

pek 

ise 

var 
 

 
 Moreover, all words are converted to lowercase. Following 

this phase, the word and word number attribute values are 
created for the categories. The training text files located in each 
category folder are imported into the system in order. After 
preprocessing the text files, the words are examined 
sequentially. The words that can be taken into consideration are 
kept as the number of items in the word and document as the 
attribute vector value. 

120 text files including sports, economy, and health issues 
were prepared. Each subject contains 40 text documents. 

In the testing process, different approaches can be used to 
measure the success of the method. The main purpose of 
supervised learning is that the trained system can produce a 
logical answer to an unknown example on the same subject. 
With the limited training examples, the system needs to be both 
trained and its performance measured neutrally. In this process, 
cross-validation techniques can be used. It is a technique to 
evaluate predictive models by dividing the original sample into 
a training set to train the model, and a test set to evaluate it. In 
this study, k cross-validation was preferred. The original 
sample was randomly partitioned into k equal size subsamples. 
Of the k subsamples, a single subsample is retained as the 
validation data for testing the model, and the remaining k-1 
subsamples are used as training data. As a result of the tests, a 
text document can easily be classified. 

IV. C  

 
Naive Bayes algorithm is very fast and it needs low storage 

requirements. Proposed classification technique is very robust 
to irrelevant features without affecting results. It classifies the 
text documents with different subjects in high accuracy. 
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Abstract - Image processing is the processing of images in real 
life that have been rendered into a digital image as an input 

transferred from analog image to digital image. Some pre-
operations are performed to analyze the image such as filtering, 
segmentation, and edge detection. These operations enable some of 
the features and details of the image to the foreground. The 
potential for the utilization of image processing methods in 
engineering has been investigated along with their theoretical 
essences and their application in the area of engineering. In this 
context, a software was developed to determine the number of pills 
in the tablets passing through the production band, to check 
whether the missing packaging was made, and to determine the 
color of the pill in the production band. Tablet pictures in different 
colors were picked randomly as input picture. In order to simulate 
the production band, 60 recorded images were displayed 
randomly at intervals of 5 seconds. Due to image processing 
methods, many operations can be performed automatically. It was 
determined that image processing techniques could be used for the 
determination of some properties of the image. As a result, the 
success and scope of the methods have been evaluated and some 
suggestions have been made. 
 

Keywords - Image processing, missing pill, noisy image, RGB 
image, segmentation.  
 

I. INTRODUCTION 

Computer-aided image processing is based on the human 
vision system and has entered into every aspect of our daily 
lives. Significant results are derived from the image at the end 
of image processing. With such applications, transactions can 
become fast, easy and economical. Image processing has a wide 
range of applications in the industry as well as many other 
fields. Thanks to developing technologies, it is now possible to 
perform quality control automatically and a hundred percent 
securely. Image processing based quality control systems used 
in industrial applications analyze and monitor the quality of 
products. Many processes such as detection of industrial faults, 
counting, and classification of objects can easily be done with 
image processing methods. Image processing consists of a 
series of operations. The process begins with the capturing of 
the scene, followed by the use of different techniques for the 
purpose. 

In the literature, there are many applications of image 
processing in the industrial field. Some industries use human 
beings' inspection to classify the quality of their products  

 
visually. This could be done automatically through digital 
image processing. Affonso et al. [1] investigated the 
classification of the quality of wood boards using the 
convolutional neural network. They extracted texture descriptor 
from wood images. Nateri et al.[2] evaluated yarn defects which 
deteriorate the quality of products by image processing 
techniques. The yarn defects were identified based on their 
geometric shape and surface area. Barbedo [3] presented a new 
approach which is based on conventional digital images for 
counting whiteflies in soybean leaves. Song [4] et al. worked 
on automatic fruit recognition and counting using multiple 
images. At the end of the study, image analysis automatically 
counted fruits which have complex shape and color. Finally, 

ik et al.[5] presented a study for detecting cloth fabric 
mistakes automatically. The methods which are wavelet 
transform, Gabor filter, and Fourier transform was evaluated 
according to results. Image processing techniques have been 
used in many areas and successful results have been achieved 
that make human life easier. 

II. RELATED WORK 

 
Inferences were made by performing some operations on the 

images taken, such as edge detection or filtering.  According to 
our application, there are a number of pills on the tablet. In some 
cases, some pill points are left empty due to the reasons for 
production. By this study, a distinction can be made by 
determining the color of the pill and pills on the tablet can be 
counted to determine if the tablets are full. 

1. Segmentation 

Segmentation is the process of separating a whole constituent 
in a picture from the background or other objects. In order to be 
able to talk about the existence of an object in the image, it must 
have a distinguishable feature from the other parts of the image, 
and it must apply to all of the objects. The main difference is 
the brightness in the image. A segmentation operation based on 
the difference in brightness is performed by the thresholding 
operator. Adaptive thresholding algorithms can also be used for  
this purpose. Another difference is the differences in colors or 
patterns. Detection of differences in patterns is more difficult. 
Transforms such as Fast Fourier Transform (FFT), Wavelet 
(wavelet) are adopted in determining the repetitions in the 
patterns. In segmentation, the main purpose is to separate the 
parts of the image according to one or more characteristics. 
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Segmentation can be examined under two important headings 
as thresholding and edge detection.  
 
Thresholding:  It is called thresholding of binary images 
according to whether the image brightness value is larger or 
smaller than a certain value. A gray-scale image is converted to 
a black-and-white image by selecting the threshold value. 
Looking at the threshold value, each pixel value is expressed as 

 or . Moreover, thresholding can also be performed using 
the double threshold value. The graphical representation of the 
thresholding process and the resultant image obtained when 
thresholding on a sample image is given in Fig. 1.  
 

 

 
 
Fig 1: Graphical presentation of thresholding and thresholding on a 

sample image 

 
 
Edge Detection: It is an approach that sharpens color 
transitions and makes it easier to get objects or differences in 
the image. Edges include some of the most useful information 
in an image. Edges are used to measure the size of an object in 
an image, to separate the object from the background, to classify 
and recognize the object. Edge detection can be examined in 
three main stages: 

1. Noise reduction: Noise suppression as much as 
possible without affecting significant edges. 

2. Edge reinforcement: Use of a filter with a higher 
response at the edges. 

3. Edge detection: It is decided that the meaningful edges 
of the hatches from the filter outputs are noise. 
 

In order to catch color transitions (changes) in edge detection 
methods, the difference between the neighboring pixels, that is, 
the derivative is evaluated. As a result of the derivation process, 
the color difference is close to zero because the difference is 
close to zero in regions with no significant color transition. 
Sobel, Prewitt, Laplace, Roberts, Zero-cross, and Canny are the 
important methods used to find the edge. 

2. Filtering  

Filtering is a process that is performed to increase the 
readability of images or to extract the necessary information 
from these images. Making improvements and emphasizing is 

an important step before analyzing the image. In this stage 
filters that smoothen and sharpen the image are used. 
Smoothing filters such as mean, median, gaussian filter reduce 
noise on the image and blur the image. Sharpening filters 
emphasize detail and improve blurred details. Sharpening filters 
include Sobel, Prewitt, Laplace, Canny, and Roberts.  

3. Morphological Operations  

The meaning of the morphological word is "the structure, 
shape, and form of an object", the relationship between the parts 
of an object. In order to perform morphological operations, it is 
necessary to first determine the image taking and the structural 
element. 

Binary images sometimes may contain numerous 
imperfections after some simple thresholding operations. 
Morphological image processing aims to remove the 
imperfections by accounting for the form and structure of the 
image. Morphological image processing is a collection of 
nonlinear operations related to the shape or morphology of 
features in an image. Morphological operations are especially 
suited to the processing of binary images but these operations 
can also be applied to greyscale images.  

Morphological techniques probe an image with a small shape 
or template called a structural element which is small binary 
image contains the value of zero or one. The structural element 
is placed at all possible locations in the image and it is compared 
with the corresponding neighborhood of pixels. Some 
operations test whether the element "fits" within the 
neighborhood, while others test whether it "hits" or intersects 
the neighborhood. The structural element can be any of the 
different geometric shapes. The most common ones are square, 
rectangular and circle. Examples of structural elements are 
given in Fig. 2.  

 

 
Fig 2: Examples of structural elements 

 
The basic morphological operations used in image 

processing are as follows: 
 
Erosion: It causes erosion from the edges of the image. As a 
result, the pixel groups and the gaps between them shrink as 
shown in Fig. 3. Noisy shapes are recovered with the selected 
structural element. Points that are fully aligned with the image 
of the structural element are processed. The points except for 
the center point of the structural element are changed. 
 
 

  
Fig 3. Before (left) and after (right) erosion 
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Dilation: This process extends the edges of the binary image. 
As a result, the pixel groups grow and the gaps between them 
shrink as shown in Fig.4. If the central point of the structural 
element receives the same value as the image, the entire 
structural element is transferred to the image. 
 

 
 

Fig 4. Before (left) and after (right) dilation 

 
Opening: It is basically the dilation operator process following 
the erosion operator. The spaces between the objects and 
objects in the image are cleaned according to the size of the 
structural element. Objects on the image become slightly 
smaller than the original image. With the opening process, two 
objects close to each other will be separated without causing too 
much change as shown in Fig.5. 

 
Fig 5: Opening example 

 
Closing: It is the application of erosion process immediately 
after the dilation process. Two objects close to each other are 
connected to each other without much change. At the end of the 
closing, the dots in the image close each other and the main 
lines in the image are wider. Similar to the expansion process, 
the gap between adjacent dots in the closing process is filled as 
shown in Fig.6. 
 

Fig 6: Closing example 
 

III. APPLICATION 

In the study, a software was developed to determine the 
number of pills in the tablets passing through the production 
band, to check if the missing packaging was made, and to 
determine the color of the pill in the production band. Here are 
some pill tablet pictures in different colors randomly selected 
as an input image. In order to simulate the production band, 60 
recorded images shown in Fig. 7 were displayed randomly at 
intervals of 5 seconds. How many tablets will pass through the 
production band can be determined by the user. 

 

  

 

 

 
Fig 7. Pill tablet pictures in different colors 

 
In the RGB color model, each color appears as its main red, 

green, and blue spectral components. The number of bits used 
to represent each pixel in the RGB color space is called the pixel 
depth. Accordingly, it can be said that each RGB color pixel has 
24-bit depth. In this study, the color of the pill was determined 
by looking at the gray level values of the pixels in each layer 
(red, green, blue). 

After the segmentation process, some small parts that did not 
belong to the pill appeared on the image. These parts are 
considered as noise and cause the calculation of the number of 
pills to be erroneous. The Gauss filter was used as a preliminary 
process to remove these noises. This filter is a filter created by 
removing the noise from the view through the details. 

Then the opening process, which is morphological 
operations, is used to remove small anomalies such as a few 
pixel objects and protrusions from the image. In addition, the 
closing operation was performed to fill gaps in the pills found 
and make the pill lines more visible. 

Neighbor pixel values are looked at to determine the number 
and find the number. The relationship of a pixel to neighboring 
pixels can be briefly summarized as follows: A pixel at 

coordinates has four neighbors, two horizontal and two 
vertical, as shown below; 

. Here, each pixel  is 1 unit away. On the 
other hand, operations can also be performed by looking at the 
corner neighborhoods of the corresponding pixel. In the work 
we have done, analyzes have been carried out by looking at the 
neighborhoods at the corners.  

 
(x-1,y-1) (x-1,y) (x-1,y+1) 

(x,y-1) (x,y) (x,y+1) 

(x+1,y-1) (x+1,y) (x+1,y+1) 

 
Fig 8:  The neighbors of the (x, y) pixel 

 
The application interface is shown in Fig. 9. When you click 

on the "Start to Show Products" button, the recorded images are 
starting to show randomly. To simulate the production band, a 
5 second wait period is added between the images to be shown. 
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When displayed on the left side of the image, the back panel 
uses the necessary image processing techniques to indicate the 
color of the pill and the number of the pill in the image. How 
many tablets will pass through the production band is 
determined by the user. 

 

 
 

Fig 9: Application Interface 

 

IV. RESULTS AND DISCUSSION 

In this study, a data set was created with medicine boxes 
consisting of different color pills. Each tablet has a different 
number of pills. Pill tablet images were taken and color 
characteristics were examined and missing pill tablets were 
found according to certain criteria.  

V. CONCLUSION 

The industries are not always interested in the most accurate 
technique for a given problem, but most appropriate for the 
expected results, there must be a balance between accuracy and 
computational cost. Image processing methods provide many 
industrial conveniences to the field. It can automatically track 
some processes that need to be followed by humans and gives 
satisfactory results. At the end of the simulation, the application 
can indicates the color of the pills and  determine the tablets 
with missing pills. 
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Abstract - Both natural language processing and computational 
linguistic studies which have been realized in recent years consist 
of understanding the formal structure and content of the human 
mind. The most general models created by the human mind are 
ontologies. Due to their size, ontologies carry potentials in making 
errors and omissions. Therefore, they should be prepared in 
computer environment. This requires them to be formal. Attempts 
are made to reach the real implications of the concepts by means 
of these models of reality which are prepared by using a formal 
language together with lexical resources. Thus, the relationship 
between ontology which expresses the mind structure of human 
beings and language is also provided. Sumo is one of the 
ontologies created for this purpose. In this study,  the reality 
models created by thematic role lattices in computer media via the 
Sumo ontology have been included. In addition, it has been aimed 
that these reality models which have been created should 
contribute to the semantic analysis of Turkish.  
 

Keywords - Formal Ontology, Sumo, Tematik Roles, Concept 
Latices, Formal Concept Analysis.  
 

I. INTRODUCTION 

he human mind has a complex structure that encompasses 
the conscious processes of brain (thinking, perception, 

disposition, etc.). The language that reveals itself as a reality in 
the determination of thought and actions plays an important 
role in the shaping and interpretation of mental functions.  

Both natural language processing and computational 
linguistic studies which have been realized in recent years 
consist of understanding the formal structure and content of 
the human mind [2].  

The most general models that give the human mind structure 
are ontologies. For this reason, a relationship between 
ontologies and language needs to be established. Ontologies 
express the definitions of concepts and their relations to one 
another in a domain. Due to the fact that they are large in size, 
they contain mistakes and shortcomings when they are 
prepared by human hands. For this reason, they must be 
prepared in computer media. This requires them to be formal. 
Thus, the modeling of the expressions and the reality models 
created in the computer media is provided throughly [8].  

The purpose of this study is to realize the relationship 
between lattice-based ontology type developed in computer 

media and language mathematically. 
With the studies realized in recent years, the relation of 

language has been tried to be establised with some formal 
ontologies by using lexical resources (FrameNet, WodNet, 
etc.) prepared for English in electronic media. SUMO 
(Suggested Upper Merged Ontology) ontology is one of them. 

There is only a mapping for namespaces in association with 
SUMO's WordNet dictionary. Synonym sets (sysnets) for 
noun, verb and adjective words and WordNet, which shows 
some semantic relations between them do not contain rich 
semantic details and formal definitions of concepts. Therefore, 
it does not give the necessary solution in relation to SUMO 
[14,  16]. 

However, because the concepts in the relation between 
SUMO's FrameNet lexical source are missing in terms of 
lexical information, it is seen that the correct matching has not 
been done. For this reason, using the thematic roles that serve 
as an interface in ensuring compatibility between meaning and 
form becomes a necessity. The real implications of the 
concepts are obtained by being used the thematic roles in 
multi-dimensional layers with the theory of Formal Concept 
Analysis. Thus, the relation of language between these reality 
models formed by the thematic role lattices is also provided. 

Within this context, in the second part of the study, the 
thematic roles which show the semantic relation between the 
ontology and the rule have been described and the background 
information about the description of the formal ontology and 
the reality models created by thematic role lattices via the 
SUMO ontology has been given. In the third part, the 
computerized implementation of a reality model constructed 
by the thematic role lattices with the corpus-based annotation 
method has been shown. The semantic analysis of Turkish has 
been aimed in this computerized realization. 

 

II. RELEATED LITERATURE 

A. Thematic Roles 

 The thematic role is the semantic relation that a noun phrase 
interrelates with the action of the sentence [4]. 
 The main thematic roles are: 
THEME- the one moving or staying in a place 
AGENT - the one who initiates or realizes an action 
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PATIENT - the one affected by an action 
SOURCE -  the exit point of a movement 
GOAL - Where the movement is directed  
LOCATION - Place where something is 
PATH - The point that an entity moves 
EXPERIENCER - the one feeling, perceiving or recognizing 
an event 
INSTRUMENT - the one used to perform an action  

B. Formal Ontology 

 From a general point of view, the reality models defined 
using a formal language are called formal ontology. 
Especially, the semantic analysis of language requires using a 
model of reality [4]. 
 In this sense, Formal Concept Analysis Theory is the way to 
create reality models. 

Formal Concept Analysis is a theory of data analysis that 
defines the conceptual structures among data sets. It is the 
mathematical theory of concepts. In other words, it is a 
concept hierarchy. It consists of concept properties given in 
the formal context and the objects having these properties. 
These objects and properties are the special conditions shared 
commonly in all the ontology types [1, 6]. 

In this hierarchy, all the concepts are organized in order by 
sub-concept and top- concept relation. The set ranked in this 
way is called the concept lattice. This concept lattice is shown 
as a diagram. In particular, the elements or concepts that form 
the language are placed in this diagram as a knot in the form of 
lines combined from the upper concept to sub- concept. 

An ontology design that Formal Concept Analysis  is used 
can be shown in the form of a figure known as Hasse Diagram 
below and a table of this diagram in Figure 1 [17]. 

 

                      
(a)                           (b) 

(a) Figure 1: The table consisting of objects and properties 

(b) Figure 1: The conceptual lattice consisting of objects and 
properties 

 
In Figure 1 (b), there are two concepts in the lattice. In this 
diagram, the flowing and stagnant refer to properties, lake and 
river refer to objects. 

1) Sumo ontology 
 SUMO ontology is a kind of ontology used for various 
information processing systems. This type of ontology is made 
up of very general terms such as object, property and 
relationship. 
 As Niles and Pease expressed, SUMO is an easily accessible 
ontology that describes the concepts it contains in it and the 
relationships among them. Here, entities are ranked in a 
hierarchy from general concepts to specific concepts [15]. 

 At the same time, SUMO ontology is an open source that 
includes the formal ontology of 20,000 words and 70,000 
axioms [22]. 
 Another important property of SUMO is the use of some 
various rules. These formal definitions or rules clearly state the 
meanings of words in ontology [18]. 
 In this sense, a lexical source is required in Sumo ontology. 
The lexical resource that is compatible with Sumo 
comparatively is FrameNet. 
 FrameNet is a model based on semantic roles. These roles 
can not be linked directly to the language. Therefore, this 
model is associated with SUMO ontology, and the relationship 
with language is provided. 
 FrameNet which is based on Frame Semantics consists of F-
Frames and LU-Lexical Units that associate these frames [5]. 
 Frames, in this sense, are the schematic representations of 
conceptual structures [21]. 
 While a semantic framework represents a set of concepts 
related to events, the roles or arguments represented for each 
frame are the frame elements each. At the same time, these 
frame elements are the arguments connected to lexical units 
within a sentence. English FrameNet prepared by Berkeley 
University has more than 780 frames, about 10,000 lexical unit 
frames and 135,000 marked sentences describing  the  frame 
elements [11, 3]. 
 In order to understand and recognize the frame, lexical unit, 
and frame members that are the basic components of the 
FrameNet model better, the REVENGE frame can be reviewed 
through the existing FrameNet lexical source [21]. 

- The name of the frame is the REVENGE 

- Equivalent words to the lexical unit are avenge, avenger, 
revenge (noun), revenge (verb), get back, get even, get 
even with. The set that these lexical units create is a 
frame, that is, connotates the REVENGE frame. 

- The most obvious arguments in this frame are 
AVENGER, PUNISHMENT, OFFENDER, INJURY. 
Each of these arguments is a frame element. If it is to 
need to show these components by an sample sentence 
from the current FrameNet lexical source, 

(1) [They AVENGER] took revenge [for the deaths of two 
loyalist prisoners INJURY] 
 As Tonelli and Pianta noted, FrameNet, the lexical source 
based on a corpus, is a conceptual model, termed a frame and 
that contains their prototype states. The frames here are 
defined as the classes that the words connotate [20]. 
 In relation with Sumo-FrameNet, FrameNet Semantic Types 
(STs) and their associations are expressed in the first-order 
logic language of SUO-KIF (Knowledge Interchange Format) 
[7]. 
 For example; The SOURCE semantic type is defined as the 
relation (? rel-relation) between the origin (? p-point) and 
source (? src-source) in SUO-KIF. 
 SUMO, using the FrameNet, needs the semantic types (ST) 
or semantic roles of frame elements (words). FrameNet defines 
forty semantic types and they are listed in the type hierarchy. 
For example, the ATTACK frame has the SENTIENT 
semantic type that is in the ASSAILANT frame member. 
These semantic types taking place in FrameNet make sense 
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when they are matched with SUMO classes. But SUMO is 
quite shallow compared to their classes. For this reason, 
SUMO classes are also used as semantic types. 
 Figure 2 shows the alignment of a part of the FrameNet 
semantic type (role) hierarchy with SUMO. 
 

 
Figure 2: Bindings of a portion of the FrameNet STs to SUMO. 

 

The SUMO class hierarchy is partially different from the 
semantic type (role) hierarchy of the FrameNet. As seen in 
Figure 2, SUMO separates abstract and physical entities from 
each other. It is therefore noticed that this detail distinguishes 
the SUMO classes from semantic types (roles). While some 
semantic roles in the FrameNet are mapped with SUMO 
classes, there is no match at some time. In such cases, 
meanings are redefined in SUO - KIF [19]. 

Despite all the development work fulfilled, the arguments in 
the SUMO ontology, where FrameNet is used, are missing in 
the sense of lexical information. For example; Some semantic 
types, such as SENTIENT in FrameNet, correspond to the 
intersection of more than one SUMO classes. It is not 
necessary that a SENTIENTAGENT in SUMO is to be alive 
when it is considered being sensitive to be vital. For example,  
The ORGANIZATIONS (INSTITUTIONS) in SUMO are 
also SENTIENTAGENT. For this reason, it is seen that the 
correct mappings are not realized between the class and frame 
elements in the SUMO-FrameNet pair. 

C. Thematic Role Lattices 

 As can be seen from the information above, the relationship 
between ontology and language is one of the important aspects 
of natural language processing. Thus, the ontologies used by 
the arguments that make up the discourse are important 
sources of conceptual content of the expressions. The 
structures especially formed with thematic roles can be used as 
a reality model together with the lexicon in semantic 
technologies. 
 In the studies conducted up to today,  the thematic roles 
have been shown in a linear hierarchy. Here, these roles have 
been studied as three dimensions by showing them in multi-
dimensional layers, that is, in fractal lattices, with the Formal 
Conceptual Analysis Theory. Thus, the reality models have 

been created by reaching the true meanings of the words 
through the analyses of the various types of thematic roles 
defined in these layers (such as constituting the solution of 
different thematic roles in the same position). 
 It has been seen that the thematic roles shown in the lattices 
can contribute to the semantic analysis of Turkish, especially 
through a Turkish corpus.  
 stated, the data given in a formal 
sense in the context of the Formal Concept Analysis Theory 
consist of two clusters and a statement that relates the two 
clusters. While one of the clusters contains the properties, the 
other includes objects that have these characteristics. The 
lattices obtained in this way allow the data to be modelled in a 
hierarchical organization [9]. 
 If this situation is to be expressed in a sample English / 
Turkish sentence; 
(2)  a. Alice sent Melissa the parrot from Kuwait 
  b. Ali Meltem-e Konya-dan -   
Ali/Alice plays the role of AGENT, Meltem/Melissa 
undertakes both the PATIENT and GOAL role, whereas 
Konya/Kuwait takes the role of SOURCE because of its 
ablative case (from/-dan). The lattice graphics generated for 
this sentence is the same as in Figure 3. 
 

 
Figure 3: Sample thematic role lattice.  

As shown in the lattice diagram in Figure 3, when the objects 
are expressed at the bottom of the nodes, the properties are 
placed at the top of the node. The letters that make up the set 
of objects are a (Alice/Ali), m (Melissa/Meltem), p 
(parrot/ , k (Kuwait/Konya).  
 By means of the thematic role analysis of the Turkish 
sentence shown below, the real implications (semantic roles) 
of the concepts have been obtained and the semantic analysis 
of Turkish has been  tried to be realized. 
(3) a.  
  b. The child put the pen on the table. 
The analysis of the thematic role of the sentence has been 
shown in Table 1 and  its semantic analysis and thematic role 
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lattices have been shown in Figure 4. 
 

Table 1: Thematic role analysis of the sample Turkish sentence        
numbered (3). 

 
Thematic 

roles 

 
 AGENT/SOURCE kalemi THEME masaya GOAL koydu. 

 

Semantic 

roles 

 
 PERSON kalemi ITEM masayaPLACE koydu. 

 

 

In the koymak (put) action in Table 1, as  (the child) 
intentionally and consciously performs the event, he receives 
the thematic role of the AGENT. It becomes koyan (the 
person) who plays the semantic role. The word kalem-i (the 
pencil) assumes the role of THEME from accusative case. It 
takes madde (item) semantic role. Since masa-ya (on the table) 
determines the position of the pencil, it takes yer (the place) 
semantic role through the GOAL thematic role. 
 

 
Figure 4: The semantic analysis of Turkish sentence numbered (3) 

with the thematic lattices. 
 

As can be seen in Figure 4, the words belonging to the 
sentence are arranged relationally through the lattices along 
with their thematic roles. Thus, they become meaningful by 
being modelled by concept lattices as well as by their 
properties. 

III. MATERIAL AND METHOD 

The aim of this section is to introduce the computerized 
implementation of a reality model towards the semantic 
analysis of Turkish. The application has been developed by 
corpus based annotation method within the framework of 
Formal Concept Analysis. The corpus used combines 1033 
sentences.  

The corpuses are large databases where a variety of oral or 
written texts in a language are brought together and usually 
processed through computers. Taking advantage of a corpus in 
a number of subfields of linguistics is to contribute to research 

as a scientific method [13]. 
In the field of natural language processing in recent years, 

abundant data, that is, a corpus, are needed for the successful 
use of statistical models which have been used predominantly 
[12]. 

The annotation is the coding of electronic texts (clauses)  
taking place in a corpus [10]. 

The annotation tool used in this study has been implemented 
by being used the PHP (Hypertext Preprocessor) language and 
the database created in MySQL (My Sequential Query 
Language). This tool is a page position that runs in the web 
media. In this application study, there is a database file named 
yelda_tool.sql with marked data. (yelda_tool.sql database can 
be accessed from http://www.yelda1367.com:2082/, and the 
tool can be accessed via 
http://www.yelda1367.com/member/login  tool  username: 
yelda1367@hotmail.com, tool password: beko1996).  

In Figure 5, the interface where the morphological/ syntactic 
and thematic role markings of a sample Turkish sentence 
pertaining to this study corpus have been implemented is 
shown. In Figure 6, the lattice diagram which gives the real 
meanings and which has been issued automatically via the 
thematic roles of the arguments belonging to the selected 
sample sentence is accessed. In figure 7, the advanced lattice 
model can be seen [23]. 

 

 
Figure 5: The annotation tool. 

 

As shown in Figure 5, the thematic role and 
morphological/syntactic annotations of the arguments of the 
sentence have been made. The morphological / syntactic 
properties of this sentence are as follows: 

- NP (Noun Phrase) 

- VP (Verb Phrase) 

- Case 

- T (Tense) 

- Poss (Possessive) 
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Figure 6: The lattice diagram issued automatically of the marked 

sample sentence. 
 

 
Figure 7: The advanced lattice diagram. 

 

As shown in Figure 7, the figural term refers to the roles of the 
action. Also, a situational reference (sit_reference) is to an 
entity what an entity is to a location. 

IV. CONCLUSION 

In linguistics, the semantic roles are of great importance in 
classifying of arguments belonging to a sentence. The 
modelling of words or arguments with thematic role lattices 
gives their real implications in the sense of lexical knowledge. 
The information obtained from these models is integrated into 
many lexical sources by being kept them in databases. The 
semantic implications obtained in this way constitute an 
important source for the studies of natural language processing 
and computational linguistics.  
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Abstract - Emergence of Bluetooth 4.0(BLE) devices have begun 
to make much longer connections and communications, 
consuming far less energy. The beacons are one of the biggest 
innovations that BLE brings. In this study, a system has been 
developed including hardware and software components. The 
software -web app- 
daily activities. For example, stock market information, news, 
weather forecats are similar data collected by beacons. On the 
other hand, low-energy beacons are used to enable people to view 
this application. Thus, this makes it possible for people to access 
this information regardless of the Wi-Fi connection and the 
location. 

 
Keywords - BLE, beacon, physical web 

I. INTRODUCTION 

There are many topics to be learned or followed in daily life. 

Social media sharing, stock market tracking, reading news, 

listening to music, keeping notes, weather control and so on, 

which are not common to every person on earth but are 

common to the majority, are examples.  Although it is not 

difficult to access this information, it is important to be 

dependent on Wi-Fi, to have transitions between applications, 

and all this information that needs to be accessed throughout 

the day requires great effort and time. When considering the 

ways to solve these problems, the solution to be addressed was 

aimed at eliminating all these troubles. In addition, there was a 

need for an idea that could be held not only technically but 

also costly in terms of usability and not to be lost in the 

technology of the age we are in. From this point of view, a web 

application (containing these information) was considered. It 

was intended to be supported by low-energy beacons, which 

can be considered as an access point. (Figure 1) In this way, 

users who are close to the locations where the beacons bearing 

information of the web application are place, will be able to 

access the above-mentioned data groups independently of side 

factors such as   Wi-Fi. Moreover, they  

could do this by consuming the least amount of power in their 

smart devices. Bluetooth Smart systems can deliver precise 

data about tagged items that improves efficiency and this 

ability will bring many other benefits to the business 

community and to consumers alike in the near future. In this 

study, a system has been developed including hardware and 

software components. The software -web app- contains 

activities. 
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                     Fig. 1: An image from system 

II. IMPLEMENTATION 

The system has two main stages. The first step is driven by the 
beacon that broadcasts the web application to the user, and the 
second step is the web application that the user can view. 

(1) Software Development: Using .NET Framework, the 

mentioned web application was developed (Fig.2) in 

accordance with the following headings: 

a. News Page 

b. Songs Page 

c. Stock Market Tracking Page 

d. Note Page 

e. Weather Information Page 

f.     Social Media Links 

(2) Publishing Web-App: Domain received for web-

application. Here we will call xxx.com 

(3) Generating URL: Using eddystone beacon url 

generator [1], the required format was created. 

 

 
 

                       Fig. 2: Homepage of Web-App 
 

 
                  Fig. 3: Beacon format for URL 
 
(4) Broadcasting: After the beacon was installed and the 

software was prepared, the system became available. 

Apple users have been able to view the web 

application being signaled by beacon, using the 

Chrome physical web [2] feature found on their 

phone. The user interface and beacon are shown in 

Figure 1. Users who do not have a chrome browser on 

their phone, can use PhyWeb [3] Application in the 

App Store in the same way. 

(5) Final: The users have captured the signal and applied 

it, they are able to enter the page they want and 

perform the operations they need, independent of Wi-

Fi and extra applications. 
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III. CONCLUSION 

From the very first time that Bluetooth 4.0 (BLE) entered our 
lives, research and development work has begun on it. We 
want to be a part of this technology by interest. And we have 
done a study on the uninterrupted access to information from 
the main subjects of our day. While we doing this, we used 
beacons from the most useful and savvy technologies that BLE 
offered us. In addition, we have been benefited from open 
source applications and platforms provided by Microsoft in the 
software section. 
As a future research plan, we intend to focus on Fin Tech 
applications, which are short for financial technologies. In 
general, we will work to save time by reducing human and 
device interaction. 
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Abstract - Astronomy is one of the oldest sciences and focused on 
acquiring and analyzing data. Everyday, size of the acquiring 
data from observation instruments such as ALMA (Atamaca 
Large Millimeter Array) is growing. This study is part of the 
project called XCLASS (extended CASA Line Analysis Software 
Suite) which getting data from ALMA. XCLASS is a program 
that helps to model astronomical data. In this study, compute-
intensitive parts of the myXCLASS is tool of the XCLASS 
program is loaded to the GPU. With GPU programming, it is 
achieved faster results by uploading to the GPU. This project will 
be a good source for future data-rich ALMA studies. 
 

Keywords  Astroinformatics, CUDA, Parallel Programming, 
GPU, Spectrum.  

 

I. INTRODUCTION 
Astronomy is a scientific field that has to work with a lot of 
data. Now and in the future, the amount of data obtained with 
observations made with very broadband telescopes will reach 
enormous amounts. The processing of these large numbers of 
data consists of four steps. These are theoretical study, 
observation, computer simulation and data mining and 
machine learning respectively [1]. The first two are related to 
astronomers. The 3rd and 4th steps are specialization of 
computer scientists. The concept of astroinformatics is a 
combination of astronomy and informatics [2]. Data mining 
and machine learning have a very important role in 
astroinformatics. There are many studies on astroinformatics in 
literature.  

In [3], a new multiple-classifier approach for spectral spatial 
classification of hyper spectral images was proposed. Several 
classifiers were used independently to classify an image. For 
every pixel, if all the classifiers had assigned this pixel to the 
same class, the pixel was kept as a marker. A minimum 
spanning forest was built. Each tree was rooted on a 
classification driven marker and forms a region in the spectral-
spatial classification map. Experimental results were presented 
for two hyperspectral airborne images. The method 
significantly improved classification accuracies when 
compared with previously proposed classification techniques.  

The authors of [4] described the automated spectral 
classification, redshift determination, and parameter 

measurement pipeline in use for the Baryon Oscillation 
Spectroscopic Survey.  

In [5], authors presented spectral-spatial classification of 
hyperspectral images. Spatial information was extracted from 
set of pixels. Mathematical morphology was used to derive 
morphological characteristics such as size, orientation and 
contrast of the spatial. After, the morphological neighborhood 
was defined and used to derive additional features for 
classification. Classification process was realised by using 
support vector machine.  

In [6], a new multifeature model which was aiming to 
construct a support vector machine (SVM) ensemble 
combining multiple spectral and spatial features were proposed 
at pixel and object levels. In this study, features employed 
include a gray-level co-occurrence matrix, differential 
morphological profiles, and an urban complexity index. Three 
algorithms were proposed to integrate the multifeature SVMs. 
These are certainty voting, probabilistic fusion and an object-
based semantic approach, respectively. The proposed 
algorithms are compared with other multifeature SVM 
methods including the vector stacking, feature selection, and 
composite kernels. Hyperspectral digital imagery collection 
experiment DC Mall data set and two WorldView-2 data sets 
were used. It is found that the multifeature model with 
semantic-based post processing provides more accurate 
classification results.  

This study is a part of the ALMA(Atamaca Large 
Millimeter Array) which is an international project in the field 
of astronomy. It has most powerful instrument of the world in 
millimeter (mm) and sub-millimeter radio bands, also provides 
enormous improvements in sensitivity, resolution and imaging 
fidelity. ALMA gives important information about galaxy 
evolution while getting high-resolution images of protostars, 
starforming regions, dust-enshrouded galaxies, and solar 
system objects [7].  

Common Astronomy Software Applications (CASA) is a 
powerful software for post-processing. It includes only basic 
functions to model astronomical data. CASA offers data 
modeling using the XCLASS program, a one-dimensional 
radiation transfer program that uses CDMS (Cologne Database 
Molecular Spectroscopy)/JPL (Jet Propulsion Laboratory) 
molecule data. XCLASS (extended CASA Line Analysis 
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Software Suite) is a toolbox for the CASA. It has new 
functions for modeling data which are taken from 
Interferometric and single dish telescopes.In XCLASS there 
are two tools named MAGIX and myXCLASS. From these 
tools, myXCLASS calculates synthetic spectra using the 
radioactive transfer equation for isothermal objects. The 
XCLASS program works on Linux and Mac platforms [8].In 
this study, compute-intensitive parts of the myXCLASS part of 
the XCLASS (Extended CASA(Common Astronomy Software 
Applications) Line Analysis Software Suite)line identification 
program, which provides insight into the data obtained from 
the ALMA device are realised by using GPU programming. 

The CUDA Fortran, the programming language of Compute 
Unified Device Architecture (CUDA), is formed by using the 
expansions of Fortran programming languages. We should 
point out here that the parallel pro- gramming functions in a 
CUDA Fortran are called kernels. A CUDA Fortran program 
executes serial codes on the CPU and executes parallel kernels 
on the GPU. The programmer organizes these threads into a 
hierarchy of thread blocks and grids [9, 10, 11, 12]. When 
compared to the central processing unit (CPU), GPU has more 
cores and transistors in the kernel. This makes GPU more 
effective than CPU parallel processing problems. Thus, faster 
results are obtained in this study by using GPU programming. 
 

II. XCLASS - (EXTENDED CASA LINE ANALYSIS 

SOFTWARE SUITE) 

With technological development, CASA (Common 
Astronomical Software Applications) software has been 
developed by the University of Cologne to reduce 
astronomical data which are taken from serial and single-dish 
telescopes. XCLASS (extended CASA Line Analysis Software 
Suite) is a toolbox for the CASA software. structure of the 
XCLASS software is shown in Fig.1 [13]. 
 

 
Figure 1: Structure of the XCLASS program [14]. 

  
myXCLASS calculates synthetic spectra by solving 

radiative transfer equation for an isotermal object. There are 4 
fortran files in myXCLASS program. These are: 
 

 Module myXCLASS Core.f90 
 Module myXCLASS GPU.f90 
 Module myXCLASS MPI.f90 
 Module myXCLASS SMP.f90 

Modifications on Module myXCLASS Core.f90 have been 
made. In this file contains core subroutines of myXCLASS 
program. Fig.2 shows subroutines in the Model myXCLASS 
core.f90 file. In Figure 2, yellow colored rectangles indicates 
that modified subroutines. DetectionEquation from yellow 
colored subroutines is translated to GPU version by using 
Cuda Fortran programming language.  

 
 
 

Figure 2 : Structure of Model myXCLASS core.f90 file. 
 

III. DETECTION EQUATION 

This is a kernel rewriten by using cuda fortran that 
calculates the detection equation for a given frequency 
myXCLASS calculates synthetic spectra by solving radiative 
transfer equation for an isotermal object. If transition is not 
located within given frequency range the kernel is terminated 
without doing anything. Rayleight-Jeans temperatures [15] 
value is determined. In physics, means the Rayleigh-Jeans is 
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an approximation to the spectral radiance of electromagnetic 
radiation at all wavelengths. After that determination of 
brightness for dust temperature and intensity for emission 
processes are realised.  

IV. CONCLUSION 

In this paper, we have implemented using the Graphic 
Processing Unit (GPU) Programming for the purpose of 
accelerating spectrum calculation. Our approach has proved to 
be a faster working system and have less total processing times 
in spectrum calculation. We have used two GPU graphic cards 
to acceslerate the performance of the spectrum calculation. 
Properties of the GPU graphic cards are shown in Table 1. 

 
Table 1 : Properties of the GPU graphic cards. 

 
Properties Name Values 
Device Name 
Memory Clock Rate (KHz) 
Memory Bus Width (bits) 
Peak Memory Bandwidth (GB/s) 

Tesla K20m 
2600000 
320 
208.00 

 

Table 2 : Experimental results. 
 

Subroutine Name Working time on 
CPU 

Working time on 
GPU 

DetectionEquation  0.079980 ms  0.000001 ms 
 

 
These are play a key role in spectrum calculation. 
Experimental results are shown at Table 2. We have also 
observed that the data size has a great impact on the 
performance of XCLASS program. Another possibility to 
improve our presented results may be the use of more graphics 
cards. In future work, Purpose of the Project is to classify the 
data which are collected from massive star formation regions 
and to reduce the data size. Thus, the potential interesting 
formations are going to be identified. Eventually, the most 
distinctive molecular lines of massive star-forming regions are 
going to be revealed. Another purpose is that processing-
intensive portions of the application are going to realised by 
GPU programming and results are going to gotten rapidly. 
This project is going to be good resource for ALMA projects 
that is going to work with multi-dimensional data in the future, 
the method and the algorithm we have proposed for spectrum 
calculation can be improved by new algorithms to be 
implemented on new GPU graphic cards. 
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Û²¹·²»»®·²¹ô ÕòÔòÒ İ±´´»¹» ±º ×²º±®³¿¬·±² Ì»½¸²±´±¹§ô 

Ó¿²¿³¿¼«®¿· Ì¿´«µô Í·ª¿¹¿²¹¿· ô Ì¿³·´²¿¼«ô ×²¼·¿ 
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Ò»¬©±®µô ŞÑËİØÎß ÓßÎÆßÕô Ø×İØßÓ ÌÑËÓ×ô 

ÓÑØßÓÛÜ ÌßÔÛßô ÛÔØßŞ×Ş ŞÛÒÔßØÓßÎô ïè¬¸ ×Ìİ 

Í°»½·¿´·¬ Í»³·²¿® ±² Ï«¿´·¬§ ±º Û¨°»®·»²½»ô Ó¿®µ« 
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Abstract  Code review process is one of the important parts of 
software development. In general, a commit that may have many 
files should be inspected by at least two developers. After that, if 
there are not any syntactic or logical errors, resources are merged 
to repository by an approver. This process takes too much time in 

duration. A new  is defined to improve code 
review efficiency. An extra responsibility is given  

timeframe. A significant improvement was performed 
 of this 

process. There are other effects of this process such as; number of 
reviews on a commit is raised, bug rates are decreased and the 
effort of the quality assurance team is decreased. As a result, the 
process that is defined improved the efficiency of our development 
processes.  

 
Keywords  Software Engineering, Efficiency, Code Review, 

Continuous Integration  

 

I. INTRODUCTION 

OFTWARE Engineering is an engineering discipline 
associated with the development of reliable and efficient 

software that works on machines. There are several phases that 
are systematic and cost effective to software development 
processes. These phases are Feasibility Study, Requirement 
Analysis, Design, Development, Testing and Maintenance. 
Sequential order of these phases is also called Software 
development lifecycle (SDLC). 
 

Software Engineering techniques and processes are being 
used more and more by many companies that provides 
commercial solutions for end users. Most of the techniques and 
processes are produced for software that have better quality. 
Therefore, importance of the software quality is getting higher. 
One of the main problems that threats the software quality are 
bugs. It is very important to find and fix a bug in software 
development lifecycle because total cost of the bugs may affect 
project budget. There can be a bug on any phase of the lifecycle, 
however, if you find the bug quicker, you can reduce these 
maintenance costs. In this paper, one of the development phase 
activities that called code review is discussed and a new process 
to improve this activities efficiency is proposed. 
 

Code review is an inspection of source code of a software by 
developer that is different than code author(committer). Code 

review is a common Software Engineering practice and the first 
place to find coding related issues in software development. 
There are two main goals to achieve by code review; 

 Reducing the errors during the development in order to 
prevent wasteful testing time and production errors.  

 Standardizing the software development process such as 
environment architecture, coding styles etc. This 
provides also less future maintenance cost. 

 
There are some code review approaches and practices that 

help to achieve these purposes are used in software 
development processes. All these processes are discussed in 
detailed next chapter.   

II. CODE REVIEW 

 
 
Code review is systematic examination of computer source 

code. It is intended to find mistakes overlooked in software 
development, improving the overall quality of software [1]. 
After the definition of the code review, these topics should be 
discussed: 

 How can source code be reviewed? 
 Why code review is needed? 
 What are the common issues that affect the success of 

code reviews?  
 
These topics are very important to have an efficient code 

review process. Many software companies define their own 
process according to development environment, project and 
customer priorities, development team size etc.  

 
In this paper, a new  is 

discussed as a case study in our software development lifecycle.  
 

A. Code Review Approaches  

 
Code review is an activity that the whole development team 

should involve. There are common approaches on code review 
such as manual code review and automated core review. Both 
of them are useful for achieving code review goals.  

 
At first, an automated code review was wanted to be started. 

This kind of code review generally deals with coding style.  
Development team should discuss and decide some rules that 
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must to obey while writing code. For example; each line length 
must be less than 120 character, function declaration should 
contain predefined keys etc. Automated code review process is 
executed at compile time. If there is an existing inconsistent 
code block, compilation fails with detail information about the 
problems found. There are several tools that called linter for this 
process and they have all predefined coding styles and rules that 
specialized to development language. These linters allow to 
define custom rules to check source code. Automated code 
review tools provide us a standardized source code that is 
written by project developers. Therefore, it is easy to read, 
understand and maintain the source code.  

 
The other core review approach is manual code review. At 

first, manual review can be done with traditional peer 
programming or a code review tool. Classical pair 
programming is an agile software development technique in 
which two programmers work together at one workstation [1]. 
Traditionally, one programmer writes code while the other 
reviews each line of code as it is typed in. The two programmers 
switch roles frequently. Some obvious benefits can be achieved 
with pair programming: 

 Fewer bugs  
 Lower cost on production maintenance 
 Knowledge transfer 

[2]. Another benefit is that both developers acquire a good 
understanding of all the written code; they know what the 
design choices are and how the code works. From many 
aspects, this reduces the fragmentation of knowledge within a 
team. There are some limitations and disadvantages across to 
these benefits. Pair programming is suitable for centrally 
located teams but geographically distributed teams are 
increased in last few years. Pair programming costs much more 
than solo programming. Also, there are some creativity issues 
according to working conditions. Although developers should 
be able to convince a partner of the merits of an idea in pair 
programming, creativity needs independence. Therefore, it is 
not possible to execute pair programming in many software 
development company. Another manual code review approach 
is using a code review tool.  
 
 As it is told before, distributed teams are getting more 
popular in the software development industry. Using an online 

code. There are several code review tools available in the 
market to do it. Some of them are packaged with a source 
control tool. Gerrit, TFS Code review, Crucible is the most 
popular code review tools. All of these tools enable your 
developers to review, find and eliminate buggy resources before 
the code is merged to repository under the source control. This 
approach is more cost effective than pair programming. As a 
reviewer, does not have to work with the code author while 
he/she is developing
commitment. Also, online code review allows to all developers 
in team to review a commitment of other developers. Therefore, 
more than one developer can inspect a commitment for possible 
bugs. Probability of finding a buggy resource is getting higher 
by the help of extra reviewers.  In short, online core review 

approach is more effective than pair programming in lots of 
software development cases.       
 Code review approaches and general advantages to each 
other are discussed in this section. The necessity of Code 
Review is discussed in the next chapter. 

 

B. Importance of Code Review 

 
In general, code review has two main purposes that are 

pointed before. Achieving those purposes are very important for 
software development lifecycle. In addition to those purposes, 
every development team that execute code review process have 
got indirect positive effects.   

 
Code review improves the code quality. As it is told that 

while discussing the automated core review approach, but this 
time improvement of the quality is related for different inputs. 
This is not about standards and code linting. It is about making 
code more efficient.  Everyone in development team has their 
own background and experience, so they always a good idea to 
suggest smarter solution, better design, more performed code in 
code review. Therefore, it is highly possible to improve code 
quality with code review.  

 
Code review provides two-way improvement on new 

developers and senior developers. When new members join the 
team, senior or more experienced developers should mentor 
them to understand both processes and development standards. 
Code review helps developer to get feedback on his/her work to 
improve coding skills. Also, newer members with fresh eyes 
can suggest a new perspective to current code base or existing 
knowledge. Therefore, code review is very useful to make 
everyone better in development team.  

 
Another positive effect of code review is project familiarity. 

When a team works on a project a developer will heavily work 
on one large part for a while, while another one is working on 
something else entirely. Doing code reviews helps people 

might be asked to maintain in the future. It promotes 
knowledge of the codebase across the team, and is likely to 
speed up future development. 

 

C. Code Review Pitfalls 

 
Until now, code review and its importance in software 

development processes are discussed. Across to all these 
positive effects, sometimes code review can cause destructive 
effects both developers and project lifecycle. Some 
experimental results show that code review fails in a few 
conditions although everything is fine.  

 
At first, each member of the development team should 

believe the importance of the code review and why they do this 
activity. Some developers consider this process can be time 
consuming. If there is anyone who does not believe this process, 
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it cannot contribute any improvement, feedback etc.  
 
The other thing that can be negative effect on author is tone 

of the comment. As a well-known fact that positive criticism is 
very important to build trust among the team members. Across 
to this, if the review comment has direct or indirect messages 
that can be evaluate as personal attack, code review can harm 
both the team spirit and project success.  

 
Another common problem with code reviews can be that 

people do not do them. This can happen for a number of reasons 
according 
thinking. For example; large development teams with multiple 
project that are developing simultaneously have this kind of 
problem. When a developer looks at review list, lots of 
commitments from different developers are waiting for review. 
Then he/she may think that someone else may review these 
commitments and he/she may skip. If the number of developers 
that have this behavior, reviews may need to wait on the list 
much more time. Authors might be blocked on the ongoing 
feature while waiting for their comments on commitments.  

 
As a result, the cases that are discussed in this section cause 

ineffective and unsuccessful code review process. These cases 
can be more according to software development methodology, 
development team formation etc.  

 
The questions about code review are discussed such as; 

definition of code review, common approaches of code review, 
importance of code review and issues that threats code review 
until now. A new case study and results in next section are 
explained in the next section.  
  

III. CASE STUDY 

 
In this section, the new code review process is presented with 

the real experiments. At first, the development team formation 
and code review approach is described.  

 
We have been working on a software company that has three 

different locations. We have twenty developers that each of 
them is a part of at least one project. Some of them have to 
support more than one project simultaneously. Online code 
review is preferred than pair programming because of location 
and cost issues. Our version control system is combination of 
Git and Gerrit for integrated code review tool. Also, Jenkins is 
used for continuous integration processes
code review process is discussed later. At first, some 
information about Gerrit is given that is the focus of this paper. 
Many statistics from Gerrit database are provided to check and 
compare our processes improvement.  

 
 
 

A. Gerrit Code Review 

 
Gerrit Code Review tool is a modern tool that facilitates a 

traceable code review process for git-based software projects. 
[3] There are different roles in this approach. These roles are 
author, reviewer, verifier.  Author uploads collection of 
proposed changes to Gerrit server. The reviewers are 
responsible for critiquing the changes proposed within the patch 
by leaving comments for the author to address to discuss. 
Verifiers test the related bug or feature to see whether there is 
an error. Everyone in development team should work 
synchronously to have a successful and efficient code review 
process.  

 

 
Figure 1: An example Gerrit code review. 

 
In our process, integrated tests do not exists in this phase. Our 

verification process directly related with continuous integration 
system that exists. If a patch-set uploaded to Git server, Jenkins 
automatically triggers a build for related project. If build is 
completed and all test cases are executed successfully, Jenkins 
will verify the patch-set.  

 
There is an example for our code review flow in the Figure 

1. This flow starts with 
triggers a build immediately to verify patch set. While the build 
process going on, author gives a score to patch set that own. 
Then automated build is finished successfully and Jenkins has 
verified the patch by giving a score 1. After the patch being 
verified, the author, should invite reviewers manually in tool 
interface. Invitation process can be automatized according to 
some configurations, too.  As it can be seen on the Figure 1, one 
of the invited reviewers has finished the review and he/she has 
given a positive score 1. At least two developers except author 
give positive score then patch set is ready for submission to 
repository on version control system. Any reviewer that has 
submit authorization can submit the patch set to the repository 
to finish code review flow.   

 
An internal performance evaluation system is used that 

includes both individual and project specific metrics. There are 
also analyzed code review metrics. Moreover, there are detailed 
analysis from Gerrit database. Some of these statistics that are 
first review time, submit duration and average code review per 
commitment which are not satisfying. irst 
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review time  to e. Merge 

ownership by the help of some other statistics. The last metric 
is important because more reviews for different point of views 
can increase finding buggy sources.   Table 1 show us statistics 
of three different team for these topics.  

 
Therefore, it is thought that techniques should be changed in 

a different way or it is needed to apply new rules. 
 

Table 1: Code Review Statistics. 

 First 
Review 
Time 

Merge (Submit) 
Duration 

Average Code 
Review per 

Commitment 

TEAM 1 77.44 245.01 3.34 

TEAM 2 66.88 287.03 2.67 

TEAM 3 102.32 488.78 3.23 

 
An internal  is defined as a 

part of code review processes. It is explained this next section.   
 

B. Buddy Check 

 
Buddy Check is a different approach that have some rules in 

the code review process. The aim of the buddy check is 
basically to build code review awareness and responsibility 
between team member. If it succeeds, it is believed that each 
metric will be improve positively.  

 

  
Figure 2: Buddy Checker groups. 

 
To achieve these purposes, a matrix of developers have been 

created to define a buddy checker group. Figure 2 shows the 
large matrix. Each buddy group contains at least seven 

project knowledges, personal experience and locations of 
developers. Then a checklist has been created after long 
discussions between development team for code review. Table 
2 shows these checklist items that should be checked while 
review the code. These items are only common items. Actually, 
there are several items according to the development language 
and framework, but there is no need to give details of them. 

Table 2: Code Review Checklist. 

 

Check function names and variables for meaningful and readable 
names 
Use common utility methods  

Check localizations of components for Multilanguage support 

Check formatting of the code. Send the well formatted code at 
least for the change in the code to improve code quality. 
Check folder structure when a new class is added to make sure it 
is right place 
Check unit tests  

 
In addition to this, communication groups have been created 

for each buddy check group on internal communication and 
messaging tool. These groups can be used to inform the buddy 
groups and to discuss the commitments.   
Then targeted time limitations for metrics have been defined 
such as; 

 Every commitment/patch set should be reviewed in half 
an hour. (first review time < 30 minutes) 

 A commitment should be submitted to repository in two 
hours. (submit duration < 120 minutes) 

 
Buddy check process has been started to be executed in only 

one team firstly since September. It is seen that developers feel 
more responsible to each other when buddy channels are 
analyzed. There are more information sharing and knowledge 
transfer between developers in communication channels than 
before. After a period that approximately two months, great 
improvements existed on metrics what are prioritized. Table 3 
shows the latest statistics from Gerrit database.  

 

Table 3: Code Review Statistics after Buddy Check. 

 First 
Review 
Time 

Merge 
(Submit) 
Duration 

Average Code 
Review per 

Commitment 

TEAM 1 without 
Buddy Check 

77.44 245.01 3.34 

TEAM 1 with 
Buddy Check 

38.48 162.81 3.93 

Improvement %50.3 %33.55 %17.81 

 
Although the targeted time limitations are very tight 

according to current statistics, results are impressing about 
with the previous results. 

Team has been successful on our goals and now executes more 
efficient code review process than past.  

 
Buddy review approach provides some benefits on our 

software development processes such as; 
 Code review awareness and responsibility  
 More standardized code according to the predefined rules 
 Better knowledge about projects that they do not work 
 More bug free packages  
 Faster code review process and reduced blocked time for 

authors 
 Reduced overall development efforts 
 More satisfied customers 

 
A significant improvement performed on software quality 

according to these benefits. Any new feature or issue on current 
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software can go live faster than past. This velocity is very 
important in any projects that includes financial transactions. 
Generally, both of these items satisfy customers in software 
industry. Overall effort of development lifecycle is reduced by 
the help of this process.  

 
The new approach on code review process is introduced that 

called buddy check and shared its effects on our development 
processes.  

IV. CONCLUSION 

 
Software development processes are very important for 

software companies. Every phase of software development 
lifecycle affect software quality and cost directly. It is known 
that code review is one of the major activity to find and fix some 
bugs and unstandardized codes. Then a study is performed 

It 
is defined that a buddy check activity or process to have a 
review standard and build responsibility between the 
development team members. Then it is succeeded on our case 
study at the end of two months. Now, there is a more efficient 
code review process than before.   
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Abstract - Water is the essential component of life on the earth, but 
it may sometimes pose a threat to lives and properties of citizens. 
This article explicitly focuses on two types of threats namely 
pollution and floods. It provides a comparative literature survey to 
understand the nature of the threats towards avoiding their 
damages. Presented article also intends to develop a prediction 
mechanism for the threats considering available data and 
algorithms, and proposes a model in this respect.  Implementation 
of the model will be the subject of following studies. 
  
 

Keywords - Prediction model, Water flooding, Water 
pollution.  
 

I. INTRODUCTION 

iver water is the most important source of fresh water 
that used to meet the needs of humans, animals and 
plants. In spite of this importance, it poses a great danger 

to the lives of citizens if the nature of this wealth does not 
understood well and attention to the threats expected from it. 
Water bodies, especially rivers and lakes, are more 
susceptible to pollution than other water sources because they 
are in direct contact with various human activities [1]. The 
agricultural sector is one of the most water-consuming 
sectors. Thus, its wastewater (necessarily) is larger; these 
pollutants contain not only salts dissolved from the soil, but 
also the pollutants that caused by the use of fertilizers and 
pesticides. Wastewater for the industrial sector also leaks into 
the riverbeds and because of its high toxicity it causes serious 
diseases for humans. Water bodies also affected by emissions 
from large plants that use fossil fuels as one of the power 
generators to operate them. These pollutants contribute 
indirectly to pollution through their interaction with the 
rainwater and precipitation with acid rain that harms the 
physical and chemical characteristics of the water bodies, 
especially the lakes whose water replenishment is weak, 
which reduces their ability to self-purify the water [2]. 
Pollution rates calculated in the water bodies by calculating 
the values of the (Biochemical Oxygen Demand (BOD) / 
Chemical Oxygen Demand (COD)). If the values of the first 
are higher than the second values, the water of the stream is 
polluted and unfit for human use, it often has an unpleasant 
smell, color and taste. 
 Water is free of pollution if dissolved oxygen values range 
from (5-10) mg/l depending on seasons of the year 
(temperature and cold) [3]. 
 

Floods can be also a direct threat to the population and public 
property due to the high rate of precipitation, severe 
rainstorms, high seas and melting of snow in the upper 
reaches of the watercourse, which raise the water level to an 
extent exceeding the discharge capacity of the water stream. 
In order to avoid the destructive effects of flooding, through 
the establishment of multi-meteorological stations along the 
waterway. To monitor the changes in climates and water 
levels in addition, to identify the seasons of floods and 
coordination with the countries of the basin for the purpose 
of the exchange of information and experiences to take the 
necessary precautions to reduce the potential negative effects 
[4]. 
Floods related to the various natural factors that are going on 
in the surface and layers of earth, such as geological and 
climatic factors, these factors directly affect the movement of 
water in the seas, oceans and riverbeds. The occurrence of an 
earthquake in the bottoms of one of the oceans or seas in the 
world leads to its water imbalance. The abrupt rise or fall in 
the water level causes a series of abnormal vibrations at the 
level of the water layers to restore the water balance, leading 
to concussions in the movement of the sea waves to hit the 
beaches. Changes in the levels of water pressure in the seabed 
are pushing vast amounts of water from high-pressure areas 
to low-pressure areas. To restore water pressure balance, 
leading to the occurrence of undersea currents and waves that 
affect total water movement in seas and oceans creating 
devastating floods in specific areas as opposed to low levels 
of water in other areas of the sea [5]. 
The different levels of pressure at the orbital lines on the 
Earth's surface cause winds from highlands to lowlands, 
causing storms and strong rainstorms, which cause flooding. 
Heavy rainfall leads to increase water levels in rivers, which 
is more than rivers capacity, causing flooding. 
Another reason for the flooding is the rise in temperature, 
which leads to the melting of large amounts of snow in the 
main waterways, leading to a rise in water level. 
Finally, the collapse of the dams by natural and structural 
factors led to the flow of large quantities of water from the 
lakes of these dams to the waterways beyond the discharge 
capacity of these waterways, which leads to flooding [6]. 
The rest of the article is arrange in the following manner. 
Section II is on previous studies, Section III is on problems, 
Section IV is the methodology, and finally, Section V is on 
conclusions. 

II. PREVIOUS STUDIES 
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The authors tried to deal with water threats by 
understanding the nature of these threats. On the side of water 
pollution. Clean Water Team have detect the pollution types 
that effect watercolor and the cause of pollution into natural 
and industrial causes [7].  has proposed 
indicators of rivers water pollution which are  (pH, redox 
potential, conductivity, dissolved oxygen, ammonium and 
chloride ion amount), also developed a system called (The 
wide area measurement system (WAMS)) that contains of 
multi sensor device which sense six types of pollution as well 
as water level, this device communicate via the GPRS 
network. Because of limitations of WSNs such as (energy 
scarce, small memory footprint, and limited processing 
capabilities), as well as sensors are deployed in large 
numbers, which can be costly because of high price of these 
sensors [8].  Catalin Negru, et al tried to surpass the WSN 
limitations by proposing a cost efficient cloud-based service 
oriented architecture [9]. 

Another alternative used to detect pollution, which is 
image processing, in this method, a high quality pictures 
captured by using fixed cameras or satellites images. These 
images analyzed by using different image processing 
algorithms to obtain the useful information about pollution or 
flooding. Kar, et al tries to envisage the detection of metal 
pollutants using Hyperspectral data in river water with the 
spectral analysis of absorption features beyond the optical 
range, with the application of various image-processing 
techniques [10]. Ranhotra argued the detection of salinity of 
seawater, he depends on capturing satellite images for 
different seawater areas and analyze these images by using 
image-processing algorithms to get information, and he has 
detected different types of water pollution as well as salinity 
[11]. Also Karnawat, et al tried to detect water turbidity by 
using high quality camera and  image processing algorithms 
in a combination with old data that stored in data base, at the 
end he conclude that the results of his method were very close 
to results that comes from the traditional way of normal 
analyses of water samples in the laboratory. However, his 
method saves time and money [12]. 

On the water flooding side. Hiroi, et al Monitor water level 
by capturing different images for same location during the 
day and at night they used Infrared cameras to monitor the 
same location then they analyzed these images and measure 
the level of water compared to a fixed point to detect the 
flooding [13]. 

Adnan, et al Suggested a prediction model for flooding for 
three hours this model has the ability to predict the river water 
level by using NNARX (Neural Network Auto-Regressive 
model with exogenous inputs) model with develop modelling 
strategy [14]. This model gives a good result for three hours' 
prediction. However, it still need to develop to be able to 
predict for more than three hours.   

Keong, et al discussed a comparative study between three 
types of Artificial neural network algorithm which used in 
flooding prediction, these algorithms are (Bayesian 
Regularization (BR) back-propagation, Levenberg-
Marquardt (LM) back-propagation and Gradient Descent 
(GD) back-propagation), they used two years' historical data 
to predict flooding. They found that Bayesian Regularization 
back-propagation algorithm is a multi-use algorithm and it is 
more convenient for flooding prediction [15].  

Natural disasters such as (earthquakes, floods, volcanoes, 
air pollution, water pollution, soil pollution, etc.) and their 
impacts are consider life-threatening hazards on the Earth's 
surface. It is therefore essential to look for sophisticated 
methods and practical and rapid methods to fill many gaps in 
the lack of understanding of the changing nature of these 
disasters. These advanced methods can find the ideal 
solutions that provide the scientific and practical analysis of 
the causes and transformations of these disasters before, 
during and after their occurrence in order to understand their 
impact, their dimensions and how to better control their 
effects [16]. 

The ideal solution for monitoring and mitigating the 
disaster includes the formation of an effective early warning 
system covering the geographical area of the disaster by 
providing the necessary information at the maximum speed, 
facilitating the communication and movement process and 
providing accurate monitoring of changing circumstances in 
keeping with these disasters and controlling their 
transformations and impacts. In order to enable disaster 
management or decision makers to perform their work 
properly [17].  

Many different technologies used to predict water flooding 
and pollution, like water level monitoring, water speed 
monitoring, chemical sensing, and use simulations. etc. [18], 
these technologies gives different results, but the world needs 
technologies with more reliability to avoid these disasters. 
 

III. PROBLEMS 

 
According to the literature review, which covered by authors, 
the following problems was identify: 
 Water pollution and flooding are serious risks to the 

life and property of citizens. However, the traditional 
methods that used to detect these risks are insufficient to 
avoid the damage caused by these risks because they do not 
detect in sufficient time. 
 Real time detection needs Information and 

Communication Technology (ICT), to deliver information to 
decision makers at the right time. 
 The use of sensors, commonly preferred as WSNs 

helps in detection of many types of pollution, but these 
sensors have limitations as well as this method is very costly 
because we need many sensors to cover wide area. 
 The alternative method is the use of cameras to 

detect pollution and flooding. This method can be implement 
by using either satellite image that has the ability to cover 
wide area but its images cannot be clear in cloudy or dusty 
weather, or by using fixed cameras, which are not affect by 
weather conditions but at the same time they cannot cover 
wide area.  
 
 
 

IV. METHODOLOGY 
 

Information is the backbone of any information system. 
Therefore, the authors tried to gather information that related 
to flooding and pollution in Tigris and Euphrates Rivers. 
However, each river has its own debris and turbidity 
characteristics. These characteristics are not fixed. They are 
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subject to change with time and changing environmental 
conditions. 
 This information will used as a raw material that needs many 
refining processes to reach the final stage, which is flooding 
and pollution forecasting. The methodology of this research 
will divided into many steps as shown in figure 1, some of 
these steps will be discuss in this article, the rest of the steps 
will be discussed in the future articles, these steps are: 
 
   

 
 

Figure 1: the research methodology steps 

 

A. Research Methodology 

The authors used a systematic review method to review the 
literatures. This method means summarizing the results 
obtained from previous studies; it help make sense of many 
kinds of data. In addition, it is a way of reviewing all the data 
and results from research about a particular question in a 
standardized systematic way. 
More previous studies will be studied to get a clear vision, 
and to identify the effective factors in pollution and flood 
prediction. 
 

B. Data Aggregation Methodology 

The authors collected historical data related to flooding and 
pollution in Tigris and Euphrates Rivers. Regarding the 
pollution side, the data obtained for the Euphrates River were 
for the period from 2005 to 2015. The samples were analyzed 
manually; also, they were taken periodically every 15 days. 
The data obtained for the Tigris were from 2013 to 2015, and 
the samples were examined by sensors. The samples were 
analyzed every 15 minutes. Regarding the flooding side, the 
data obtained for water discharge for the Tigris and Euphrates 
Rivers were collected for the period from 1931 to 2015. 
 In addition, the author conducted personal interviews with 
officials of the Ministry of Water Resources and the Ministry 
of Environment in Iraq to get information about pollution and 
water levels in the Tigris and Euphrates Rivers. As well as, 
he discussed the ways of measuring pollution and flooding. 

Moreover, the types of procedures to be followed for 
protection from the risk of pollution and flooding. 
All these data will be organize and analyze in data analysis 
step to obtain useful information for the prediction system. 
 

C. Data Analysis Methodology 

The authors will analyze all the collected data using statistical 
analysis methods. All this data will be analyze to obtain 
useful information. This information will be the input of the 
prediction system, in order to have a reliable prediction for 
flooding and pollution. 
 
 

V. CONCLUSION  
 

Flooding and pollution prediction system is refers to the use 
of statistic methods, artificial intelligence, and  information 
and communication  technology (ICT), in order to manage the 
data that related to flooding and pollution, and to obtain 
useful information from these data, to have a reliable 
prediction system.  
The aim of the study is to present the literature and the 
research methodology for pollution and flooding prediction 
in Tigris and Euphrates Rivers.  In addition, to determine the 
most flooding and pollution detection problems.  
This study can be the first step to develop a new prediction 
system. Finally, we can say that this article explain the first 
step of this system, and the other steps of it will be the subject 
of the next study. 
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Abstract - The objects in environment in machine vision 
application can benefit to determine color of objects and 
histogram information. But, under varying lighting the objects 
may not appear as the same objects because they can be seen in 
different colors. In this study, statistical results (Min, Max, 
Standard Deviation etc.) of histogram information of different 
types of objects using different LED illumination armatures were 
found with image processing techniques and this software created 
with C# programming language. In addition, some color spaces of 
objects under varying illumination and the nearest color 
information that appears the object were determined by an 
algorithm.  
 

Keywords - LED illumination, histogram statistical, color 
spaces, image processing techniques. 
 

I. INTRODUCTION 

ighting by CIE ensures that the environment and objects 
can be seen as necessary using light [1]. However, one of 

the important problems in machine vision applications is; the 
view of the object changes from one view to another. For this 
reason, changes in the lighting conditions cause different 
perception of the images of the objects [2]. In recognizing 
objects, images derived from an object under viewing 
conditions provide information about that object [3]. For this 
reason, when illuminating objects, the color properties of the 
light and the surface properties of objects are important 
considerations. So the surfaces of the objects are visible in their 
true colors under daylight [4]. 

Colors contain lots of information for object recognition [5]. 
A good image should provide expected look over the correctly 
apprehended hue, lightness and chroma of the colors [6]. The 
goal is to optimize the dynamics of the illumination and the 
contrast of the view to be taken [7]. Thus, after the captured 
object is digitized by image processing techniques, histogram 
statistics and color information are obtained. This information 
can be provided to identify the object and determine the effects 
of the illumination on the object. 

In literature, the effects of illumination on objects;  
Swain and Ballard (1991) obtained color histograms using 

colored objects. Thus, they developed a histogram-based 
technique as a solution to object recognition problems [5]. 
Jacobs et al. (1998) provided recognition of two views taken 

from objects, according to Lambertian reflection under 
changing lighting conditions [3]. Belhumeur and Kriegman 
(1998) proved that according to the Lambertian reflection of an 
n-pixel image set of a convex object under the changing light 
sources of an object [2]. Allen et al. (1999) classified objects 
with Radial Basis Neural Networks using color data obtained 
from images taken under different illumination conditions [8]. 
Phung et al. (2005) determined color representation of skin 
segmentation, color quantization and classification algorithms 
with histogram. Technique using Bayesian classifier [9]. 
Akhloufi et al. (2007) were used statistical information to 
classify color texture. In addition, they tested their data 
according to the RGB, HSL and La* b* color spaces [10]. Choi 
et al. (2009) presented a color editing method to automatically 
recognize identical objects in images captured in different 
environments [11]. 

In this study, it is aimed to determine the information of 
objects in different color spaces under different illumination 
conditions by using the pixel results of the histogram 
information of the objects. In this case, the software was created 
using Visual Studio C# programming language. The image of 
the object has been captured and the information of the object 
has been determined with the image processing techniques. The 
objects, RGB, HLS, CIE XYZ and CIE Lab color space 
information are determined. The parameters as minimum, 
maximum, median, mean, standard deviation etc. for each color 
value (Red, Green, Blue and Grey) are calculated using 
histogram information. Also, under different lighting 
conditions, the color seen by the object was found. 

 

II. HISTOGRAM STATISTICAL AND COLOR SPACES 

OVERVIEW 

A. Histogram Statistical 

The histogram is the number of pixels of each light value in 
the image [12]. It found a digital image histogram, as in (1). 
Here,  is the color level of k,  the total pixel number in that 
color level, and n is the total number of pixels on the image 
[13]. With histogram information, the minimum value is the 
minimum, the maximum value is the maximum, and the 
frequency value of the intensity value range is median.  
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                   (1) 

 
Skewness is asymmetry in a statistical distribution. The 

skewness of luminance histogram and standard deviation are 
found as in (2). Here; I (x, y) is a lighting value at a pixel, m is 
the average lighting level, N is the pixel number of the image, 

[14]. The variance is the square 
of the standard deviation, as in (3). 
 

  

                  (2) 

 

                  (3) 

 
Standard error is a measure of the spread of averages of the 

same size samples that can be selected from the same 
population [15]. Standard error as in (4):  

 

                     (4) 

B. Color Spaces 

In the machine vision system, pictures can be caught via a 
CCD camera which turns electromagnetic radio into electric 
signal. These signals are digitized and the color of each pixel is 
determined. The color of each pixel in the image is represented 
by RGB (Red, Green and Blue) components [16]. RGB values 
of Pixels can be transformed other color spaces.  

 
RGB color model 
Colors are determined for three colors red (R), green (G) and 

blue (B) [17]. This color space is commonly used to process and 
store digital image data [18, 19]. The RGB color cube is shown 
in figure 1. 

 

 
Figure 1: RGB color space 

 

HLS color model 
The HLS color model can be linearly converted from RGB. 

For this reason it is connected to the device and is not linear 
[20]. Hue, it is the color that an area dominates and saturation 
is the ratio of the brightness of the color [21]. In order to convert 
from RGB to HSL color model, firstly R, G, B values are 
normalized between 0-1 as in (5). From the values of R ', G', B', 
the smallest and largest values are found as in (6). Hue, 
saturation and lightness values as in (7) [22, 23]. 

 

  

                    (5) 

  

 
 

              (6) 
 

 

   

 

               (7) 

 

 

CIE XYZ color model 
The linear RGB values in the range [0, 1] can be converted 

to CIE XYZ values using the matrix transformation, 
corresponding to the range [0, 1]. CIE XYZ color model as in 
(8) [24]. 

  

    (8)

                 
CIE Lab color model 
It is one of the two homogeneous color spaces proposed by 

CIE color measurements in 1976 [25]. The color space starts 
with the finding of the XYZ values of the color stimulus and it 
is computed with a specified reference color stimulus [6]. After 
being converted from RGB to CIE XYZ color model, the CIE 
Lab value is calculated as in (9) [26-28]. 

 

  

              (9) 

  

  

 

III. THE OBJECTS UNDER VARYING ILLUMINATION 

CONDITIONS ANALYZE HISTOGRAM STATISTICAL 

AND COLOR SPACES INFORMATION 

The color of the captured object affects three factors. These 
are spectral content of ambient illumination, spectral reflection 
of scene surfaces and the response of the imaging system [29]. 
For this reason, even when viewed with the same imaging 
system, the color of the object appears differently if the color 
temperature of the light source is changed [30]. 

LED illumination of the LED lighting fixtures used in 
machine vision systems are shown in The Dome figure 2a and 
Coaxial figure 2b. In order to determine the characteristics of 
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these objects which are going to be illumination via light 
resource, these systems form an interaction. In the study, a light 
pool was used to eliminate the effects of external conditions on 
the images. Images were obtained using LED armature and 
imaging system. When capturing images of objects, the 
luminous levels of the LED armature are set to maximum. 

 

 
Figure 2: LED armature  

 
Two objects in the system; colored glass and textile. Images 

of these objects are captured on both LED armature. The flow 
chart of the software used to process the image values 
obtained in Fig. 3 is given. 
 

                
Figure 3: Software flow diagram 

 

Gray level histogram statistics of the images taken in Table 1 
are given. Digitized image values, it appear to be perceived at 
different pixel values with illumination and imaging system. 
 
 
 

Table 1: Histogram statistical 
Textile 

 Min Max Mean Median S.D. Count S.E. Skewness 

A 85 118 95.68 93 6.586 722 0.24 -1029.4 

B 103 130 112.22 111 6.13 3249 0.10 -418.24 

Colored glass 

A 86 254 132.17 123 31.98 20445 0.22 1.94 

B 105 222 124.16 115 23.64 6804 0.28 7.38 

*A is dome armature, B is coaxial armature 

 
In Table 2, the values of the color spaces under that 

illumination are determined. 
 

Table 2: Color spaces of the object 
Color space Textile Colored Glass 

A B A B 
RGB R 99 105 125 146 

G 98 138 138 151 

B 72 103 103 154 

HLS H 0.96 2.9 1.38 3.38 
L 85.5 110 120.5 150 

S 0.16 0.05 0.14 0.03 

XYZ X 0.11 0.15 0.20 0.29 

Y 0.12 0.16 0.23 0.31 

Z 0.08 0.18 0.16 0.35 

Lab L 40.98 47.60 55.60 62.15 

a -8.38 -8.50 -16.29 -6.83 

b 12.60 -3.91 14.16 -6.14 
*A is dome armature, B is coaxial armature 

 
Color of the objects appear in the under varying illumination 

as in Table 3. 
 

Table 3: Color of the objects 
Object  Appearing color 

Real Color of 
Object 

Dome Coaxial 

Textile 
  

DarkOliveGreen 

 
Gray 

Colore
d glass   

DimGray 
 

LightStateGray 

 

IV. CONCLUSION 

Lighting is important in achieving the attributes of objects in 
machine vision applications. In Visual Studio C #, the software 
was created and the histogram information of the objects and 
the statistical results of this information were found and the 
color space information of the object was calculated. 

As a result, the use of lighting according to the qualities of 
the objects is necessary for the correct identification of their 
attributes. Also, taking the color of surface of object as it looks 
by means of image processing techniques makes calculation of 
value of shining of object easier.  
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An Application to Intrusion Prevention in Wireless 
Networks

  
Abstract  The attacks to several major wireless networking 

like Man-In-The-Middle, Denial of Services and Session Hijacking 
showed that no open computer network is defended against 
snooping.  The wireless network is particularly weak due to its 
features of the open medium and lack of a clear policy of defense. 
Numerous of the attacks detection methods developed on a fixed 
wired network cannot be used in the wireless network. This 
research first checks the vulnerabilities of a wireless networking, 
the reason why there is a necessary for attacks detection, and how 
to have attacks prevention from the first attack on the network.  An 
application is proposed to protect the network by giving a block to 
all IPs ranges except for the administrator computer and closing all 
MACs addresses. So that no one can access to the router or to 
works sniffing, gathering information and scanning by the 
network. 

Keywords- Attacks to wireless networks; ARP poisoning; 
Detection; Prevention. 

I.  INTRODUCTION  

He Communications have security challenges (either 
infrastructure or services) like a great challenge posed by 

the information technology resources. The presence of the 
same technical, organizational, and human barriers to meet this 
challenge should be noted.   

The protection of information in the event of a breach is 
necessary, though not sufficient, where the degree of exposure 
increases once the stage of information processing and storage 
is reached. Hasty rush and unregulated security tools hinder 
use, harm the operations, and adversely affect the performance 
of IT systems. For example, protecting data encryption during 
the transition process is useless if it will be stored later in the 
non-security. Similarly, the establishment of a security system, 
such as "firewall" will be remembered if it is allowed for 
connections that exceed the value of this system. [1]  

Such lack of awareness and information security were not 
given the importance and necessary attention due to illegal 
software usage to such a high level compared to other 
countries. Institutions cannot understand the importance of the 
matter before the beginning of a nuisance. However, because 
of the complexity and diversity of the threats it has not seen 
enough of this technology to be used in many different security 
technologies. [2]  

An application is designed to develop a way for protection 
against attackers in wireless networks. The application is 
coded by using the Python programming language for kali 
Linux system, because it has already been pre-installed in it. 
Also,The application protects the network by giving a block to 
all IPs ranges except for the administrator computer and 
closing all MACs addresses. so that no one can access the 
router or sniffing work, gathering information and scanning by 
the network.  

II. RELATED WORK 

The employment of static ARP entries, as expounded in [3] has 
been uses and still is the choice means to defend against and 
counteract any ARP cache poisoning attack in general. It can 
create a static MAC address, thereby creating entries 
constantly, which in turn deter attackers from applying ARP 
spoofing in the network. This entry is made by rapidly utilizing 
a Windows command such as ARP-sip_address mac_address. 
However, this method is not considered suitable for large 
networks due to potential complications for the network 
administrator to manage and update these tables in the network. 
it gives security against ARP poisoning. Each host has a 
public/private key pair Certificate by a local trusted 
performance on the LAN, which operates as a Certification 
Committee. The Messages are digitally signed by the sender to 
prevent the injection of fake or snooping information in [4]. 
The new modified techniques are proposed which could 
efficiently secure our ARP against the attacker and protect 
important data from any may happen sniff both internally and 
externally. The efficiency of these methods has been shown 
mathematically without any major impact on the performance 
of the network. With the help of various tools ARP cache is 
being monitored systematically and if any malicious activity is 
encountered, it is intimidated to the administrator immediately 
[5]. It focuses on comparing various techniques that are utilized 
to protect the users from these attacks by providing practical 
notes based on a network parameters time, scalability and 
highlighted the valid method, in the end, to fight the attacks at 
a superior level [6]. Network intrusion detection systems 
(NIDS) usually, rely on accurate string matching techniques. 
rely on the selection of algorithm implementation and the 
frequency with which it is applied, this model matching will 
improve performance bottleneck [7]. It has been analyzing the 
ways that SSL stripping can be utilized by attackers and 
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present a countermeasure against such attacks. It has also 
e for 

each visited website. Any profile containing information about 
the exact use of SSL on each website and every future 
connection to that site are verified against it. It has been 
demonstrated that SSL stripping attacks can be circumvented 
with the utilization of accepted overhead, without help from 
web servers or trusted third parties [9]. It has been considering 
three critical and unique attack models, namely dynamic 
pharming, deceptive captive portal and SSLStrip attacks, and it 
is shown that there is no single defense solution except 
SSLock. it has conducted employability analysis which further 
justifies the proposal in terms of its high unit rate. SSLock is 
the just method that is practical and light-weight for application 
trade, opt-in and zero-initialization for service providers, and 
privacy-preserving for generic users [10]. an attack is detectible 
by the protocol, should a client receive a reply from a website 
without a protocol header or only a HTTP header. Its principal 
drawback is that it is a client-side detection system which can 
only be utilized to detect an SSL stripping attack [11]. Anticap, 
the ARP reply and check it with the MAC address before 
stored in the ARP cache. If this MAC address is determined to 
be different from the already cached one, then it detects 
whether that address is still alive. If that MAC address is found 
to be active, then this new update is ignored, and it is also 
added to the list of banned MAC addresses. Its weakness is that 
it trusts that the ARP entry already cached is the allowed one 
which creates a critical condition of a race among the attacker 
and the victim. also, it can the host cache is updated with false 
ARP entry before the actual host could update, the legitimate 
user gets blocked under like circumstances [12]. The Anti Sniff 
application can detect promiscuous network cards. It operates 
by sending a series of nicely made packets in a special order to 
a victim system, sniffing the results and performing the timing 
experiments against the victim. By measuring the timing 
results and monitoring the victim responses on the network, it 
can be defined if the victim is in promiscuous mode [13]. A 
non-cryptographic approach is taken in MR-ARP if any new 
IP, MAC binding request occurs, then the authenticity of that 
request is verified by voting, and if more than a 50-percent 
response comes into the service of that binding, then only the 
binding is accepted. If no response is present, then it has 
considered this binding as genuine thereby indicating the 
reason for any other node not voting against the node and as a 
final result, the binding is accepted. This requirement can be 
satisfied in the Ethernet, but it may not be correcting in the 
wireless LAN on account of the traffic rate agreement based on 
the signal-to-noise ratio (SNR) [14].                                

III. MATERIALS 

A. The Main Concept of Project 

 To know the first technique that hackers utilize, it is 
important to know how connecting to the internet. This 
connection either via Ethernet cable or Wi-Fi. The connection 
by the Ethernet is less serious than wireless connect, the 
wireless is further common because Ethernet will ascertain that 
the attacker is one of the existing users within network. 

Wi-Fi is more dangerous because it is possible for a hacker to 
be outside the building or close to it while attacking and the 
hacker will be completely unknown. As such, in the world of 
Wi-Fi, there are a lot of technologies such as data encryption. 

The first step in attacking is a reconnaissance or the gathering 
of information using applications to obtain such information. 
Most of these applications use a protocol or technical ARP. 
[15] Experienced hackers always use reconnaissance process 
mentioned earlier for information that will enable access to the 
router. When they get to the router, they can manipulate the 
entire network. 

The questions remain, are there other ways? The answer is yes. 
There are other ways such as ICMP and others that can be 
isolated through the router. Certain attributes can be set in the 
router in case of any user attack to stop such user. In this case, 
the application will block IP attacker who will not be able to 
connect to the router again. The attacker can use the ARP but 
cannot access the entire router. [16] 

B. Explain the algorithm 

When entering the field of networking and a specific 
network, the most dangerous thing to face is an internal 
attacker as opposed to an outside the attacker because the 
latter will need to work set-ups to enter the network as it is 
downright in front of a firewall and a lot of barriers must be 
surpassed to for the outside attacker to be able to penetrate the 
network. Internal attacker already exists within the network 
and knows the password and many things about the network. 
 
To protect the network from such cases, an application is 
designed to support the process of listening in the network. If 
convergence for all users is listened out, the application will 
reveal the process to block possible attacks. The application 
works through private IP as well and possibly identifier and 
stop the attacker. 

IV. THE METHODOLOGY OF APPLICATION 

 
                      Fig 1. The Application Components 
 

In this section, (figure 1) the flowchart of the suggested 
system is shown. The purpose is to protect and prevent any 
attack against network, using the application by the admin that 
the application is tied with the network, and running it, 
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sending command to block all port scan request and ARP 
request or access to router within the network. 

A. The Proposed Algorithms 

The steps of the algorithm are: 
Output: The monitor of ARP request in the network. 
Input: admin IP 
---------------------------- 
Step1: Include a set of libraries that will be used in the 
application. 
Step 2: Create function working on the implementation of 
GUI, GUI content on, one label for IP admin, and two buttons 
the first one for protect and the second one for stop and exit 
from application. 
Step3: function working on the implementation of ssh 
connection. 
Step4: Create function for ssh connection. 
Step5: set up a dictionary and that the idea is to save the two 
variables or values and including the application that will store 
IP and Mac. 
Step6: create a function that will monitor any ARP condition 
that occurs within the network, take the argument on the 
packet, and obtain information of the attacker (IP, MAC). 
Step7: Create a Taste function that works inside on sniffing. 
This sniffing is running the Arp _monitor, and the presence of 
the filter to see only the ARP with all the information inside 
the packet. 

B. Methodology 

It can be noted that before the implementation and 
uncovering, the attacker could have entered the network and 
access a lot of information. This of course can be done using 
Nmap. It would be possible to see the penetration tools used 
by this program and how the attacker can access significant 
amount of information when using such program. 
When the application is run, the interface will appear as shown 
in the figure below (figure 2). The interface contains a label. 
The administrator put its own IP to be excluded from the 
block. Then, the application gives a block to all the range from 
the IPs except for the administrator's IP. 

 
Fig 2. The Application running 

 
So, we will ensure that no user can try using Sniffing or 
scanning or gathering information. And cannot access to the 

interface of the router through the browser, from any computer 
except for the administrator computer. As shown in the 
figures, used nmap program and the commands (Scan a single 
IP address Nmap 20.0.0.1, Detect OS and services  Nmap A 
20.0.0.1, Nmap  sV   20.0.0.1, Nmap  sU   20.0.0.1) Before 
and After running the application and block all the IPs : 

 
Fig 3. The router interface through the browser before 

Table (1) showing the results for Nmap 20.0.0.1 before and after 
using the Application 

 

 
Table (2) showing the results for Nmap  sV 20.0.0.1 before   and 

after using the application 

Before Block After Block 

Nmap scan report foe 20.0.0.1 
Host is up (0.0020s latency). 

Not shown: 994 closed ports 
 
Port             State              Service    
VERSION 
21/tcp          open              ftp           
MikroTic router ftpd 6.34.2 
 
22/tcp          open              ssh          
MikroTic routerOS sshd (protocol 2.0) 
23/tcp          open              telnet      
Linux telneted 
80/tcp          open              http         
MikroTic router config ftpd 
8291/tcp      open              unknown     
MAC Address: 6C:3B:6B:2D:5D:A8 
(unknown)        
Service Info: Host: MONTY; OSs : 
Linux , RouterOS; Device: router ; 
CEP: cpe:/o: mikrotic: routeros, 
cpe:/o:linux:linux_kernel 

Nmap scan report foe 

20.0.0.1 

Host is up (0.00089s 

latency). 

All 1000 scanned ports on 

20.0.0.1 are filtered. 

MAC Address: 
6C:3B:6B:2D:5D:A8 
(unknown) 
 

 

 

 

Before Block After Block 

Nmap scan report foe 20.0.0.1 
Host is up (0.0020s latency). 
Not shown: 994 closed ports 
Port             State              Service 
21/tcp          open                ftp 
22/tcp          open                ssh 
23/tcp          open                telnet 
80/tcp          open                http 
2000/tcp      open                cisco-sccp 
8291/tcp      open                unknown 
MAC Address: 6C:3B:6B:2D:5D:A8 
(unknown) 

Nmap scan report foe 
20.0.0.1 
Host is up (0.0020s 
latency). 
All 1000 scanned ports 
on 20.0.0.1 are filtered. 
MAC Address: 
6C:3B:6B:2D:5D:A8 
(unknown) 
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Table (3) showing the results for Nmap  sU   20.0.0.1before and 
after using the Application 

 
Table (4) showing the results for Nmap A 20.0.0.1 before and after 

using the Application 

 

V. DISCUSSION 

  In this study, it is shown that when the application is not 
operated and there is an attack on the network, a lot of 
information will be compromised, which the first step is for 
any attacker who wants to attack and penetrate a network. If 
the attacker obtains the information, the attacker will find out 
about the weaknesses of the network and the gaps that can be 
used to penetrate the network. This process is called 
information gathering. Of course, this all happens when the 
attacker is outside the network. If the attacker was inside, he 
will attempt to access the router and the main server and do 
some tampering after obtaining the information. 

When running the application will be an exception to the admin 
IP address, and give a block to all the range of the IPs, so that 
no users can reach to the router, a scanning or Sniffing or 
gathering information of the network. As such, and after the 
application is operated and results are seen and discussed, it 
can be said that a new and successful application has been 
designed. The application could defend the network against 
any attack. 

VI. CONCLUSION 

Through continuing investigation, this study has shown a new 
application for better a detection and prevention of attacks in 
wireless networks. The packet analysis and anomaly detection 
should be done locally in each connection to the network. 
Moreover, attacks detection should get the place in all 
networking layers in an integrated cross-layer manner.   
Currently, we are continuing our research in the attacks issues. 
We are planning to design new applications to detect and 
prevent attacks against networks. 
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Abstract 

Employee performance in the business is measured by how 
well the business contributes to improving business results and 
achieving business goals. Goal; is to increase both the time and 
the production efficiency by reducing production losses. 
Measuring the production performance of the personnel in the 
enterprises, bringing personnel planning to a better level and 
providing wage and salary management.  

In this study, the performance of the personnel or the 
machines used in production was measured by determining the 
time or quantity standards. According to these standards, how 
much time was spent in the production process, how much 
production was made, and percentage yields were determined. 

Business Performance Monitoring System; evaluation and 
reporting of data on the detection of the failures that can occur in 
the production process and the elimination of them in the 
production process.  
 
 Keywords - Personnel Performance Tracking System, 
Performance Performance, Performance Attendance, 
Performance Attendance at Operations. 

  

I. INTRODUCTION 

The development and institutionalization of companies play 
an important role as well, as the quality of life and the creation 
of conditions of rapidly developing societies are playing a big 
role [1]. 

Businesses are required to provide feedback in order to 
determine whether their objectives are still valid and whether 
their business activities are working to achieve their 
objectives. They provide this feedback with performance traits 
and yield values. 

Today's advances in technology and innovations in the 
management approach are driving businesses to better manage 
their business processes. Determination of performance 
criteria for more efficient management of processes, 
establishment of performance management systems by 
ensuring that these processes are related to strategy. Leading 
use is a powerful performance management system that 
distinguishes between success and failure. Because the 
performance management system facilitates a quantitative 
decision that can track how well they reach the goals and 
objectives they identifycreate exporting environments, can 
create effective induction systems that can analyze their 
employees more effectively, can use the time effectively and 

increase customer satisfaction and quality and productivity 
[1]. 

With solutions produced by businesses using Information 
Technologies [1]; 

 Reduction of costs, 
 Providing support to the decision-making process, 
 Effective use of time, 
 More reliable and faster information flow, 
 Easy access to information, 
 Convenience in reporting is expected. 
Measuring business performance in today's competitive 

environment; increasingly important in the context of 
preserving business and market share. Controlling and 
monitoring the event seems to have a more dynamic structure 
[1]. 

With the Performance Tracking System, it is aimed to 
report on the percentage of time that the personnel has 
obtained and what time period. Not only the personnel, but 
also the efficiency of the machines used in the production will 
be measured. In this regard, it is easier for you to find the 
width of the product. 
 
 This research aims to make the manager's manager clear 
and clear awareness of his or her tasks, to provide more 
constructive and more objective feedback to his / her 
employees, more effective guidance, more effective planning 
of personal development and training needs and more efficient 
relations with his / her subordinates. 
 Effective use of time is required to produce quality 
products. For this reason, it is aimed to detect and remove the 
factors that decrease the performance. 
 

II. METHOD 

 This research was programmed using the FileMaker 
program. 
 FileMaker is among the database management systems in 
the personal use segment. Looking at the amount of databases 
that it can manage, it is capable of managing medium-sized 
data bursts easily [2].  
 It constitutes the universe of the research, the number of 
employees is large and the machines for production are used. 
 As an example, a company was used in Konya where CNC 
machines were used and the personnel needed to produce a 
certain number of jobs each day. 

Business Performance Tracking System Design 
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III. NGS 

 Performance management and follow-up systems involve 
the development and implementation of tools and approaches 
that will enable employees to work effectively and efficiently 
in the direction of organizational goals. 
 In order for a performance-focused human resources regime 
to be implemented; [4] 

 The recruitment of those with high performance, 
 Teaching and learning tools, 
 Factors driving performance, 
 Adequate employment placement, which allows staff to 

use their existing potential and capacity, 
 To promote the leadership behaviors of managers, 
 Often performance-based oversight and evaluation of 

assigned tasks, 
 Recognition of good performance in tangible or 

intangible ways, 
 Rewarding positive performance and ensuring career 

advancement. 
With this application, not only the personnel, but also the 

productivity of the used machines are measured.  
By using the necessary usage periods, how much loss 

during production, how much productivity is obtained for that 
day or for specific time periods, and the performance of the 
machine can be seen higher.  

Performance measurement helps determine how much 
progress the institution has made to its pre-determined 
strategic goals and objectives, the strengths and weaknesses of 
the organization, and the future priorities of the organization. 

With performance measurement; 
 To what extent the institution has achieved its strategic 

goals and objectives. 
 Best performance is rewarded. 
 It is determined how much the employees perceive the 

work they do. If so, the education deficiencies are 
resolved, or else they are directed to other departments. 

 Obtain valid reasons for promotions or deductions. 
 
 We have defined 2 types of users fort he program now. This 
can then be increased according to the desire or the staff to use 
the program at the firm. One of these is the calculator fort he 
author, the admin user fort he backplane if changes or 
additions are needed, and the calculations fort he authorized 
person or staff who will maket he entries. After users have 

 
 

 
Figure 1: Home Screenshot 

 
With this screen, they can go to the menu that they want 

and they can make registry entries or make changes. Other 
pages also have quick transitions to return to this screen or to 
quickly access other menus. 
 

 
Figure 2: Settings Screenshot 

 They enter the time intervals and durations of the shifts with 
the settings screen. 
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Figure 3: Staff Screenshot 

 Operators can go to the staff menu with the menu and by 
clicking on the detail button. In this way, who is working in 
which department, team leader or operator, and operator, who 
is the leader of the team is entering information in the form. 

Figure 3: Parts Screenshot 

 You can also see a list of parts used in production with the 
track menu. You can access to the parts card with the detail 
button. This is the part where we can get problem answers 
such as which product group belongs, which operation steps 
are required for that part, and what is the standard time for 
them. 
 

 
Figure 4: Machine Screenshot 

 
 We can see the main machines used in the parts production 
with the machine menu, we can make the arrangements and 
attachments in detail. 
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Figure 5: Motions Screenshot 

 
 With the motion menu, we are able to enter the necessary 
information for reporting purposes. Namely; who can figure 
out which information, which production, how much time it 
has spent, how much work has started on which bench to 
perform the operation step. 
 
Our goal is to use the program; 
 

Figure 6: Reporting Options Screenshots 
 

 By filling in these filter options, they can see the report 
screen they want. 
 Below are examples of personnel, machinery, parts, 
machine stop cause and failure stop reports. On this count, 
who can make the determination of how much production is 
done on what date, what machine cause, what machine cause, 
how long it has been stopped and how much loss to the 
company. If it is a company working as a premium, it will also 
be easier to make a calculation of how much premium will be 
given to which staff. 

 

 
Figure 7: Report Examples Screenshots 

 
 Records of the operators working in the institution and the 
machines that should be used in production are entered into 
the application. How much time is spent as a standard for 
which machine they are kept. The break times within the 
organization are recorded and information such as how long 
the machine used during production, stopped, and what caused 
the stop is recorded. If these stops or failures become frequent 
during production, measures are taken to remove them. 
 With the performance reports, the injustices that may occur 
within the institution are removed. It will be prevented from 
wasting time. If the operators / operators who use the 
machines in production are lacking in terms of training, 
trainings are organized to remove them. 
 In order to create sweet competition environments within 
the firm, choices like moon elephant can be made. The best 
performing operators will be rewarded. 
 Reports of movements within the organization can be 
printed out to be evaluated when they arrive. 

IV. RESULTS 

 Performance measurement is the way in which products, 
services or processes are fulfilled and their duties are 
measured in an impartial manner within a program. 
 If we look at the point of business; self-evaluation, 
benchmarking, quality control, cost and efficiency analysis, 
reporting, training etc. performance measurement. 
 Developments in information technologies are constantly 
affecting and changing business operations in terms of cost, 
time, quality and service. Information technologies provide 
significant contributions in reducing bureaucratic procedures 
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in management activities, increasing internal and external 
communication, supervising employees and maintaining the 
effectiveness of managerial decisions. 
 For the purpose of my work; By doing business 
performance measurements, they can monitor who is working 
and how successful they are in the company. They also have 
the opportunity to take precautions as if they were researching 
the cause of the situation if they stop working during working 
hours. By combining this monitoring with technology, they 
can produce fast, efficient and controlled jobs.  
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Abstract - Big data processing requires too much computing 
resources and huge costs. This paper shows that the problem can 
be solved with cheap ARM-based microcomputers. Hadoop 
Distributed File System (HDFS) is de facto standard for storing 
and processing big data. HDFS uses MapReduce programming 
model for parallel processing. Hadoop is also called as an 
"ecosystem". In this study, Apache Hadoop and MapReduce 
based applications have proven to be able to run on ARM based 
microcomputer clusters. The proposed system was tested under 
normal room temperature, not in air-conditioned system rooms. 
No additional cooling system has been employed. Although the 
capacity of the micro supercomputer is limited to 5 nodes, it has 
been demonstrated that the system can be expanded very simply 
and quickly. A web based resource monitoring application called 
ganglia was used for resource monitoring. Total run time and 
Memory usages has been recorded for 1,2,3 and 4 servers and 
Speedup has been calculated. The results show that ARM-based 
micro computers can be used to build computing clusters as an 
alternative to midrange servers. 
 

Keywords  Big Data, Arm Based Computers, Distributed File 
Systems.  
 

I. INTRODUCTION 

n recent years, the use of economical and low power 
consuming micro servers has increased. State of art single 

card computers have already attained the performance of entry 
level traditional servers. It is stated that micro-servers are 
emerging as an energy-saving alternative for data centers [1].  

The constant increase in volume, variety and velocity of large 
data forces data centers to use scalable resources and to use 
energy efficiently. Traditionally, data centers use x86-64 server 
nodes with high power requirements ranging from tens to 
hundreds of watts. On the other hand, the performance of low 
power consumption systems developed for mobile devices has 
increased significantly in recent years. These developments 
enable the adaptation of micro servers to the data centers, as 
indicated by the big industry players. In this context, systematic 
studies are being conducted on the performance of micro 
servers compared to traditional large servers and it is considered 
to be useful for next generation data centers. 

In this study, Apache Hadoop distributed file system 
infrastructure was implemented on low cost single card 
computers and a benchmark application was executed on this 
system. While executing the benchmark application, very low 

energy consumption is achieved and it has been shown that the 
computing clusters can be created with low costs using single 
card computers. In the upcoming periods, it is envisaged that 
system rooms can handle very large data by the help of 
hundreds of ARM based microcomputer systems that can fit 
into a single server cabinet instead of costly high powered 
servers. Such systems are expected to be used commercially in 
the near future. 

II. RELATED WORK 

There are studies in the literature about creating 
computational clusters with low cost single card computers. 
Some of them can be summarized as follows. 

The study by Ali Anwar et al. [2] examines Hadoop 
performance on micro supercomputers (ARM based 
minicomputers). In this study, the authors examined the 
suitability of the computational clusters created with micro-
servers to the popular Hadoop platform. A quantitative study 
has been carried out on five hardware configurations with six 
different MapReduce benchmark application. To compare 
different configurations, "PerfEC", a comprehensive 
measurement metric that includes performance, energy 
consumption and acquisition of applications is designed. 
Experiments in test clusters show that in applications such as 
TeraSort, RandomWriter and Grep, microservers exhibit better 
PerfEC values than traditional clusters. 

Similarly, micro-servers running 3000-node simulations with 
real-world data from Facebook have shown similar 
performance to standard servers. On the other hand, it has been 
shown that the cost of owning micro servers can be reduced by 
60% and energy savings of up to 31%.  

The researches of Shaun Franks and Johnathan Yerby [3] on 
low cost Raspberry Pi devices is as follows; their paper 
describes the creation of a super minicomputer system using 
Raspberry Pi devices. A computing cluster has been created  
using open source software, and it has been demonstrated that 
parallel computation and distributed storage applications ran 
flawlessly on this cluster.  

Dumitrel Loghin, Bogdan Marius Tudor, Hao Zhang, Beng 
Chin Ooi and Yong Meng Teo [4] explored performance 
analysis of Big Data applications on small ARM based systems. 
Hadoop MapReduce and MySQL applications are run on ARM 
based single card computers and Intel Xeon server clusters. 
Their time and energy usage is calculated. The total cost of 
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running the workloads on the ARM and Xeon nodes has been 
compared. This research shows that there is no single rule that 
fits all data types in order to decide the efficiency of the 
execution of large data workloads on either micro or large 
servers. Running I/O intensive MapReduce workloads on Xeon 
nodes was seen to be more successful. Conversely, database 
query processing is more energy-efficient and less costly on 
ARM servers. The authors stated that, when small software 
modifications are made, it is explained that the processor-
intensive MapReduce workloads can be processed almost four 
times cheaper on ARM nodes than Xeon servers. 

   

III. HARDWARE INFRASTRUCTURE 

Five Raspberry Pi 2 Model B devices were used in this study. 
Additional Raspberry Pi devices can be added to the designed 
structure afterwards. In addition to Raspberry Pi devices, five 
2A 5V power adapter, one 8 port network switch, one 9V switch 
adapter and a monitor with HDMI display port are used due to 
the necessity of operating system installation. 

 The technical specifications of the Raspberry Pi 2 Model B 
are as follows: 

 Quad-Core ARM Cortex-A7 CPU (900MHz), 
 1GB SDRAM, 
 Power + 5V / 2A, 
 MicroUSB socket, 
 Network interface 10/100 BaseT RJ45 Ethernet. 

 

 
 

Figure 1: General view of the 5 node ARM cluster. 

 
All parts are fixed and the electronic components have been 

wired on the plexiglass floor. The general appearance of the 
system is shown in figure 1. Each of the Raspberry Pi devices 
is connected to the network via network switch. Internet access 
is provided to the devices using the Switch's WLAN port. 

IV. SOFTWARE INFRASTRUCTURE 

A. Operating system and platform 

Debian Linux based Raspbian is used as the default operating 
system. The Hadoop version 2.6.0 is used which was the most 
up-to-date version when the tests have been carried out. The 
Java runtime environment was also the latest 1.8.0.33 version.  

B. Ganglia Distributed Monitoring Application 

 
Ganglia application is a resource and performance 

monitoring application developed for computing clusters. It has 
a web-based interface. The application installed on the server 
side collects resource consumption information through the 
client package installed on the clients. On the server side only 
one service (gmond) runs. The web GUI application can be 
installed on any server. In this study, gmond package was 
installed in all of Raspberry Pi devices. Ganglia web application 
has been installed in an another virtual server. Since the web 
interface of Ganglia application is developed in PHP language, 
Apache and PHP are also installed into the virtual server. The 
screenshot in figure 2 shows the Ganglia home page. As 
information comes from the servers, information about resource 
usage momentarily displayed on the charts and graphs. 
Measurements of the same property of each server are shown 
with different colored lines on the same graph. 
 

 
Figure 2: Ganglia web application home page. 

 
The ganglia home page shows the total resource usage of all 

connected servers. As shown in figure 3, information about a 
single server can also be selected. 

 

 
 

Figure 3. Server selection in Ganglia application. 
 

The main page of Ganglia contains the cluster's load, 
memory, CPU usage, and graphs of network traffic. When 
either of the servers are selected, CPU usage or Network usage 
can be observed in greater detail, as shown in figure 4 and figure 
5. The application records this information so that it can be used 
retrospectively. 
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Figure 4. CPU utilization plot of the node 2. (colors indicates user, 
nice, system, wait and idle times) 

 

 
 

Figure 5. The network resource usage plot of the node 2. (green 
indicates inbound traffic, blue indicates outbound). 

V. BENCHMARK RESULTS 

A. Dataset 

 
The test application is planned to consume the highest CPU 

power of Raspberry Pi devices. Therefore, large data sets have 
been created. Data sets were generated by downloading the 
plain text versions of the books in Gutenberg Project Web Site 
[5]. The goal is to count how many times the words are repeated 
in text files. The following preparatory procedures were carried 
out before the test. First, the text files need to be stored in the 
Hadoop HDFS file system. A large text data set was created by 
copying and pasting the 1.2 MB file named "file.txt" 50 times 
with different names. These files are copied to the "TestDir" 
directory created in the HDFS file system with the following 
command. 

 

hadoop dfs -put /home/pi/hadoop/hadoop-data/dosyalar/* /TestDir/  

 
The "WordCount" application selected as benchmark 

software which is included in the "hadoop-mapreduce-
examples-2.6.0.jar" that ships with the Hadoop installation. 
When the application starts running, MapReduce process and 
resource usage information can be tracked via the web interface 
called Jobtracker. Figure 6 shows a screenshot of the Jobtracker 
application. 

 
Figure 6. JobTracker web interface. 

 

Figure 7 shows all active applications running on the system 
and the map and reduce statuses of MapReduce jobs and the 
completion percentages of the applications. 

 

 
Figure 7. Active applications running on the Hadoop system 

 

B. WordCount Example Program 

 
Since the Hadoop ecosystem is Java-based, the MapReduce 

applications that runs on Hadoop are usually developed on the 
Java programming language. Thanks to the Hadoop system's 
ability to support different software languages, applications can 
also be developed using programming languages such as C, R 
and Python. It is also possible to write high-level MapReduce 
queries using Apache Pig and Apache Hive. 

In this study, the Java based "WordCount" sample 
application which is available in Hadoop installation is used. 
Text files that are given as an input parameter to this application 
are processed in parallel and the total number of occurence of 
each words are counted. Although the "WordCount" example 
seems to be an easy example to write on Java or any other 
language, it is a fact that it can be very costly as the data set size 
grows. With the "WordCount" example used in experiments, it 
is possible to process very large text files on the Hadoop cluster 
using the MapReduce technique. In the example application 
Map and Reduce methods are inherited from Mapper and 
Reducer classes. 

C. Benchmark Results 

 
When the Wordcount application is run on a single server, it 

completes its job in a total of 1189 seconds. During the 
application's run time period, the resource usage data is 
collected by Ganglia.  

When Wordcount runs on two servers, it completes its job in 
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a total of 719 seconds. When it runs on three servers, it 
completes the job in a total of 511 seconds. If the number of 
servers increased to four, it completes its job in a total of 387 
seconds. 

 

 
 

Figure 8. CPU usage vs time plot for the three servers. 

 

 
 

Figure 9. CPU usage vs time plot for the four servers. 
 

Plots of CPU resource usage are shown in Figure 8 and 
Figure 9. The time slot of the application interval is 
marked in a black frame on the plots. Each color represents a 
different server on the plots. 

D. Speedup Calculations 

 
As the number of servers increases, it appears that jobs are 

completed faster. The total running times of the jobs according 
to the number of servers are given in Table 1. Using the given 
data in the table, the speedup can be calculated as shown in 
equation 1. 

                            (1) 
 

Table 1. SpeedUp values according to the number of servers. 
 

No Of CPU Total Run Time (secs) SpeedUp 

1 1189 1 

2 719 1,65 

3 511 2,33 

4 387 3,07 

 
The calculated speedup values are also given in Table 1. The 

graph given in Figure 10 has been plotted using total run times 
and the number of servers. The following conclusion can be 
drawn from the graph. As the number of servers increases, the 
run time exponentially decreases. 

 

 
 

Figure 10. Graph of run times versus the number of servers. 
 

 
 

Figure 11. SpeedUp versus the number of servers plot. 
 

The speedup versus the number of servers are given in Figure 
11. As the number of servers increases, the speedup increases 
linearly. No overhead effect was observed in the graph because 
we could employ only 4 servers (1 master 4 worker). If the 
number of servers could be increased more, overhead effect will 
be probably observed. 
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VI. CONCLUSION 

In this study, Apache Hadoop and MapReduce applications 
were run on low cost micro servers. It has been shown that 
Apache Hadoop and its components can run smoothly on ARM 
processor-based microcomputers. Tests were conducted at 
room temperature, not in air-conditioned system rooms. It has 
been shown that microcomputers can be included in system 
rooms together with commercially large computer systems. It 
has also been shown that they can be used in enterprise 
infrastructure for operations requiring high CPU usage, such as 
large data processing. Although the micro supercomputers 
created during the study were limited to 5 servers, it was 
explained that the scaling could be very simple and fast. Since 
the number of available servers are not large enough, the 
overhead situation where SpeedUp starts to decrease could not 
observed. 
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Abstract  In order to increase quality and efficiency in 
production area, machine vision systems are spreading. One of 
main subjects which researchers study on is the designing system 
providing production with high speed and quality, desired 
tolerance and low cost. Besides, the discipline aimed at, while the 
quality is being kept, defective production is minimized. The 
purpose of this application is that the designing an autonomous 
online 2 dimensional measurement system. This system, which 
determines whether desired dimensions and precisions belonging 
to sensitive areas of complicated geometric shapes coming from 
extrusion line are appropriate or not. The images of complicated 
shaped profile parts, taken by digital camera, are first processed 
a sequential operations which are correcting defective images 
caused by working environment, then various image processing 
algorithms are applied to carry out 2 dimensional measurement.        
Why 2 dimensional measurement system using image processing 
method; Increasing The Capacity of Line, Decreasing 
Production of Non-Standard Materials, Improving Quality of 
Profiles, Minimizing consumption of raw materials, Minimizing 
the Cost of Labour, This is Necessary for Ensuring Trust to 
Business and Competing with Other Manufacturers.  The most 
important characteristic of this operation separating other 
process is that online controlling of complicated extruded parts. 
This operation is both tested by computer as offline and applied 
with online extrusion line. The acquiring results are compared 
with the results obtained by conventional systems, then the 
positive and negative aspects of both systems evaluated. 

Keywords  Image Processing, Quality Control, Measurement. 

 

I. INTRODUCTION  

direct impact on profile quality so need a sampling inspection  
 
to determine its thickness between tolerances or not. It is 
generally used Vernier callipers measurement for profile wall 
thickness and gasket gaps. Main shortcomings come outs from 
contact measurement due to fact that worker, lack precision or  
not good calibrated measurement device and so on. This paper 
introduces a kind of extruded profile thickness detection  

 
method based on image processing, and the result shows that it 
can well solve the wall thickness and gasket gaps dimensions. 
To obtain images used high resolution image sensor (CCD). 
Profile boundaries fundamental importance in image 
processing so edge detection significantly reduces the amount 
of data and filters out useless information. Edge detection is in 
the forefront of image processing for object detection. In this 
paper firstly getting image from CCD and then some noise 
remove operations performed. Afterwards image thresholding 
applied to achieve interested image area. And then, 
segmentation of image algorithm, contours finding algorithm 
used. Lastly, improved algorithm used finished image and 
measured thickness of extruded profiles.  

II. PROPOSED MEASUREMENT METHOD   

This study proposes a complex shaped extruded products 2 
dimensional size measurement based on data  
mining. The method includes three steps. 

Acquiring extruded profile image and pre-process.  
Extract the contour regions of profile. 
Using contours of profile measuring profile outer size, 

wall thickness, gasket gaps and specific areas size via 
improved algorithm. 

A. Acquaring extruded profile and pre-process  

 To find out useful information and data, this study getting 
image. Then, using some filters extract the noise removed 
images. This process is very important section before contour 
extracting step. Because, if wrong selected contour count of 
profile, next step is not success. In this step another important 
thing is lightening. Lightening is vital importance of well 
acquiring images.  

1)  The automatic measurement station: CCD camera 
(Elp-Usb 8MP 5-50 mm varifocal lens, Sony IMX179 sensor 
camera) are placed at the end of the conveyor, in such a 
position takes an cross-section image of profile just some 
seconds before their cutting. For calibration used known 

dimensions. An illuminator (30W 5600/3200K Dimmable 396 
Led video light lamp) lights up the profile sections in order to 
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Geometric Shaped Extrusion Profiles Including 
Different Inner Cells 
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increase image contrast. It can ensure image clearer and 
brighter in case of dark condition. One sensor on the side of 
profile detect the presence of a profile in front of the cameras 
thus triggering the image acquisition and processing. Figure1. 
shows camera, Figure 2. shows Illuminator, Figure 3. shows 
production line and Figure 4. shows Algorithm steps. 

          

Figure 1: Elp Camera         Figure 2: Illuminator 

 

Figure 3: Profile production line 

 

Figure 4: Algorithm steps 

2) Image Thresholding: Thresholding is the simplest 
method of image segmentation. From a grayscale image. 
Thresholding can be used to create binary images [1]. Figure 
5. shows a thresholding view of profile image. For this 
operation used equation is shown (1).  

 

Figure 5: Threshed image of profile. 

                                                

(1) 

3) Median Filtering Operation: In image processing most 
suitable filter must be selected among the many filter [2]. 
Median filter is used some kind of noise reduction on an 
image. Median filtering is very widely used in digital image 
processing because, under certain conditions, it preserves 
edges while removing noise. Figure 6. (a) shows a not filtered 
view of profile image. After pre-processing, (b) shows median 
filtered view of profile binary image, (c) shows a not filtered 
view of profile image after thresholding, (d) shows median 
filtered view of profile binary image after thresholding. 

   
(a) Not filtered image                    (b) Filtered image 

  
(c) Not filtered threshed image        (d) Filtered threshed image 

Figure 6: Median Filtering Operations 

4) Gaussian Filtering Operation: Gaussian filtering is 
used to blur images and remove noise but in our image not 
good result so not used in our system. For this operation used 
equation is shown (2). 
Figure 7. shows a gaussian filtered view of profile image after 
thresholding.  

  

Figure 7: Gaussian filtered image  

                                                     

(2) 

5) Edge Detection: Edge detection is an image processing 
technique for finding the boundaries of objects within images. 
It works by detecting discontinuities in brightness. Edge 
detection is used for image segmentation and data extraction in 
areas. Canny edge detection algorithm is used in this study. 
For this operation used equation is shown (3) and (4). Figure 
8. shows a Canny edge detection profile image after 
thresholding.  

  

Figure 8: Canny edge detection image  

                                            

(3) 

                                                  

(4) 

B. Two Dimensional contour detection procedure  

The well-known edge-based segmentation algorithm 
proposed by Canny [3]. First a Gaussian low pass filtering is 
carried out with a 20  with sigma equal to 1.6. The 
algorithm then searches for those points (at the edges) where 
the gradient of the grey level is maximum, since these 
are expected to correspond to the contour points 
that are of interest. A binary image that contains the object of 
interest. OpenCV uses the Suzuki algorithm to perform 
contour tracing [4]. In this algorithm, firstly the upper left 
contour pixel is found. Then, the neighborhood of the first 
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pixel is checked in clockwise direction to find the next pixel of 
the contour. From now on, the search for the other pixels of 
the contour is done in anti-clockwise direction and ends when 
the first two pixels of the contour are found again. Polygonal 
representation performed and all contours described by a tree. 
This generates a collection of external contours. Figure 9. 
shows some of image contours. Opencv command;  
cv2.drawContours (image, contours, x, (0,0,255),2). x is 
contour number. 

          

      (a) Contour -1 (ALL)                      (b) Contour 5 

                                               

     (a) Contour 6                  (b) Contour 3 

Figure 9: Image Contours 

C. Image Based Measurement results 

 Figure 10. shows technical drawing of PVC window 
profile cross section view. Figure 11 is real image of 
product.  

 

Figure 10: Technical Drawing              

  

Figure 11:  

The algorithm were implemented by Python 2.7. and 
performed on a Windows 7 Professional operation system. To 
generate the rules, one of the extruded PVC window profiles 
used. Figure 12. presents the result of the profile image, the 
proposed method performed complex shaped product. 

Algorithm firstly find starting point of contours, and than 
calculate next point difference. If difference is plus, continue 
otherwise stop and store that point. This is first corner, same 
method adopted all contours including inner for gasket gaps 
measure. For wall thickness of profile, outer and inner 

s specific region decided and calculating the between 
two contours pixel sizes.  All pixels scaling, according to the 

 most outer dimensions. Figure 13. Shows some parts 
of program written in Python and OpenCV. 

 

Figure 12: Measured image via image processing  

 

Figure 13: Program parts of measurement system on Python   

 

 Profile dimensions is shown in Table 1. If we examine table 
1, we can say image based measurement method results is 

Maximum 
difference equal to 0.17 mm is measured, thus confirming all 
results is in the tolerances. 
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Table 1: Result of Measurements 

 

Wall Thickness 

Top 2,50 2,50 --- 2,50 2,67 0,17 

Bottom 2,50 2,50 --- 2,50 2,67 0,17 

Right 2,50 2,50 --- 2,50 2,54 0,04 

Left 2,50 2,50 --- 2,50 2,54 0,04 

Gasket Ch. Top R.  3,50 3,30 3,70 3,20 3,20  0,00 

Gasket Ch. Bot. L.  3,50 3,30 3,70 3,80 3,74 -0,06 

Espagnolette bed 16,20 16,00 16,40 16,45 16,42 -0,03 

Espagnolette bed b. 12,20 12,00 12,40 12,15 12,15 0,00 

Left width  71,00 70,70 71,30 71,00 70,89 -0,11 

Inner width    55,40 54,90 56,40 55,55 55,67 0,12 

Inner height    40,00 39,50 41,00 40,30 40,32 0,02 

A 23,50 23,30 23,70 24,65 24,70 0,05 

B 13,50 13,30 13,70 13,55 13,62 0,07 

 

 

III. CONCLUSIONS 

 This study presents a complex shaped extruded products 
measurement method using image processing technics. 
The proposed method can measure wall thickness, inner and 
outer sizes, lined channels, gasket channels with a high 
accuracy. The experimental results show that the 
proposed method is better for complex shaped products 
comparing to usual geometrics profiles like as circle, square. 
On-line measurement can be used to continuously monitor the 
dimensional quality of any profile, and alarm the operator 
when any problem occurs. The experimental results show the 
algorithm is fast and requires minimum user interaction. This 
work is easily applicable for the companies that produce 
extrusion pvc products and decreases the risk factor to 0 that is 
caused by the human source. 

Future research focuses are concentrated on improve the more 
robust algorithm for profile which is different geometric 
shapes. 
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Abstract  Parallel to technological developments in today's 
world, the development of microblog sites has also been 
accelerated. Millions of tweets are shared daily on Twitter, one of 
the most popular microblogging sites. Interpretation of 
interpretations made about companies and people and extraction 
of meaningful information is one of the most important problems 
in today's world.  It is very important and valuable that a company 
can make an opinion from a millions of interpretations about a 
product that it sells.  In this study, it was aimed to do sentiment 
analysis via Twitter on Turkish. A supervised learning and 
Word2Vec based system was designed and implemented on the 
training-test set to measure success on different machine learning 
algorithms.   

 
Index Terms Supervised Learning, Word2vec, Sentiment 

Analysis, Natural Language Processing, Machine Learning 
 

I. INTRODUCTION 

Sentiment analysis is the process of extracting the dominant 
sentiment in a text using natural language processing (NLP) 
techniques. The texts with the sentiment that they have 
previously contained are given as supervised learning and then 
the success of the system is tested again with previously labeled 
texts. From this point of view, sentimental analysis is basically a 
classification process. 

 
Classification of machine learning problems where the labels 

of the samples are discrete. Each item in the training data 
belongs to a specific class. The learning algorithm generates a 
model using the data when it encounters a new data it 
determines which class the data belongs to. The process is 
called supervised if the classes are specified in the training 
dataset, unsupervised if not. 

 
The commonly used method for the classification problem is 

the bag of words model. In this model, the document appears as 
a set of words for which the order of arrangement is not 
important. The bag of words model is actually a special case of 
the N-gram model. In the N-gram model, the document is sorted 
according to the value of variable N. For example, if N = 2 
(bigram) the words (in order) are two in pairs, and if N = 3 
(trigram), three in three. In this order, the first N words starting 
from the beginning of the sentence, then the first N words are 
continued from the second word, and so on. Bag of words model 
is N = 1 (bigram) in N-gram model. 

 
The Word2vec model, unlike the N-gram model, also takes 

into account similarities between words. The details of this 
model are explained in the third chapter. 

II. PREVIOUS STUDIES 

In Zhang et al.'s work, a positive-negative-tagged sentimental 
analysis was conducted on 100,000 Chinese comments of a 
product obtained from the trial using various classification and 
learning methods. In the study of two separate experiments on 
the basis of Lexicon and part of speech, the combination of 
word2vec and SVMperf was accuracy of 89.95% on lexion 
basis and 90.30% on part speech [1]. 

 
Dickinson et al. sentiment analysis was conducted using 

n-gram and word2vec methods to investigate how a firm's stock 
price change affected the sentiment of the tweets about the 
product. As a result of the study, 65% success was achieved for 
the n-gram method and 75% success was achieved in the word2 
vec method [2]. 

 
Tang et al. conducted another sentiment analysis on the 

tweets. Unlike the others in this study, it was tried to show how 
various word embedding methods changed the accuracy of the 
system [3]. 

 
Polpinij et al. conducted another empirical analysis of hotel 

reviews. In this study where Word2vec method is used, SVM is 
used as learning algorithm [4]. 

 

classification on turkish texts. It was investigated how the 
processing of root or attached words affected the system 
performance in the study in which 22,729 Turkish documents 
were used [5]. 

 
Xue et al. performed sentiment analysis using word2vec on 

Sina Weibo, a Chinese microblogging site. The other side of the 
work is a model for building a sentiment dictionary using 
Word2VEC. Later, it was aimed to determine the sentimental 
tendency of documents using this dictionary. As a result of the 
study, success was obtained as 0.94 for positive documents, 
0.96 for negative documents, and 0.85 for neutral documents 
[6]. 

 

Word2Vec Based Sentiment Analysis for 
Turkish Texts 

1 and H. 2  

1 Bursa Technical University, Bursa/Turkey, metin.bilgin@btu.edu.tr 
2 Bursa Technical University, Bursa/Turkey, haldun.koktas@btu.edu.tr  
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In order to investigate the effect of educational methods in 
in experimented with 2 

dimensions on 2 data sets. As a result, educational methods have 
been found to be more successful [7]. 

III. METHOD 

A. Dataset 
 
In the study, a data set with 3000 Turkish tweets in total, 

labeled as positive, negative and neutral, was used [8]. This 
dataset was created by a group of students who took courses in 
e
classification and sentiment analysis studies. Documents in this 
set are labeled as 756 positive, 1287 negative, and 957 neutral. 
 
B. Pre-processing 

 
In natural language processing, various pre-proccessing 

operations are performed before the main method is applied. 
Usually the first step is the tokenization process in which the 
document is divided into one or more word groups. After this 
process, the document is expressed in word list. Another 
important pre-processing step  in NLP is to convert the entire 
document to lower case so that it does not adversely affect the 
result. The words obtained after these operations have a suffixed 
structure. Studies have shown that to work with root word gives 
more accuracy. In this study, 3000 tweets in separate files were 
converted into a single text file. The RegexpTokenizer method 
of the Natural Language Toolkit library is used for deleting 
punctuation marks and tokenization. [9] For the stemming 
process, TurkishStemmer method developed for Turkish was 
used [10]. 
 
C. Representing Text with Word2vec 

 
The word2vec method, developed by Thomas Mikolov et al., 

is the most commonly used word embedding method today. 
This method, which is performed in two ways, either embeds a 
word or a group of words and attempts to predict the context in 
which this group is located (Skip-Gram). The other method is to 
guess the word or group of words in the given context (CBOW). 
These methods are illustrated in figure 1.  

 

 

Figure 1. CBOW and skip-gram models [11] 
 

When the results of this method are examined, it is seen that 
words that are close to each other which has closer meaning in 
vector space and vice versa. Thus, the word2vec method takes 
into account the semantic similarities of the words, unlike the 
other methods. Figure 2 shows how this state is expressed in 
vector space. 
 

 
 

 Vector-space respresentation [12] 
 
The study was repeated for cbow and skip-gram.  Then the 

results were compared. The parameters used in word2vec as in 
Table 1. 

 
Table 1. Parameters 

 
Parameter Value 

Debug 2  
Size 500 

Window 5 
Negative 5 

Hs 0 
Min_count 5 

CBOW 0-Skip gram 
1-CBOW 

 
Because the classification process is based on documents; it 

is necessary to find the vectors of these words from the word 
vectors. For this process, the vocabularies of the words 
contained in each document are extracted from the file that is 
output from Word2Vec. Then the average of these vectors was 
taken and document vectors were obtained. 

 
 
 Attribute 

1 
Attribute 

2 
Attribute 3 .. Attribute 

500 

 0.324 0.0142 0.015 .. 0.03 

okula 0.02 0.31 0.156 .. 0.221 

gittim. 1.12 0.52 2.5 .. 1.003 

Document 
Vector 

(Average) 

0.488 0.2814 0.890 .. 0.418 

 
Figure 3. Creation of Document Vector 
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The resulting document vectors are collected in a single csv 

file and given to machine learning software called Weka. In this 
software the cross-validation method is utlized. The 
performance of the system is compared using the SMO 
algorithm which is an application SVM and the NaiveBayes. 

 
Cross-validation equally divides the dataset by the 

user-specified variable rate. After that, the experiment is 
repeated by changing the data which is separated for training 
and test. The results of this experiment are discussed in the fifth 
chapter. For this study, k, 10 (ten), the parameter of the 
cross-validation method, is chosen. The system is run in the 
form of dividing the data into 10 pieces and separating 1 piece 
each time as a test set. The performance of the system was 
calculated by taking the results of the 10 different test sets 
obtained. 

IV. EXPERIMENTAL RESULTS 

After the necessary pre-processing has been performed, the 
system  has been tested separately for skip-gram and cbow using 
NaiveBayes and SMO methods. Confusion matrices are shown 
in Table 2-5. 
 

Table 2. Skip-gram confusion matrix with NaiveBayes 
 
Skip-Gram Positive Negative Neutral 
Positive 757 0 0 
Negative 32 1255 0 
Neutral 28 0 929 
 

Table 3. Skip-gram confusion matrix with SMO 
 
Skip-Gram Positive Negative Neutral 
Positive 754 2 1 
Negative 0 1286 1 
Neutral 0 0 957 
 

Table 4. CBOW confusion matrix with NaiveBayes 
 
CBOW Positive Negative Neutral 
Positive 102 0 1 
Negative 74 2420 76 
Neutral 21 12 923 
 
 

Table 5. CBOW confusion matrix with SMO 
 
CBOW Positive Negative Neutral 
Positive 101 0 2 
Negative 0 2562 8 
Neutral 1 18 937 
 

The accuracy values obtained for two different Word2Vec 
methods (skip gram-  CBOW) and two different machine 
learning algorithms (NB and SMO) are given in table 6. 

 
Table 6. Results 

 
 Skip-Gram CBOW 
Naive Bayes 0.98 0.949 
SMO 0.9986 0.992 

V. CONCLUSION AND FUTURE WORKS 

The most successful method in our study is 99.986% with 
skip-gram and SMO. The NaiveBayes algorithm yields a good 
result for the skip-gram, but the success for the cbow is 
relatively low. 

 
SMO is a newer and more advanced method than 

NaiveBayes. Therefore, the higher the success rate, the 
expected result. Looking back to Table 6, it is seen that the skip 
gram method gives more accurate results than the cbow method 
in both algorithms. If the skip-g is small and the cbow is thought 
to give more accurate results in larger datasets, the result will be 
in accordance with expectations. 

 
In this study, it is aimed to compare the word2vec method 

with the addition of the stopwords preprocessing and using the 
bag of word (term frequency - inverse term frequency, etc.) 
methods. It is also planned to do the same work on this level 
using an English dataset with the current method.  
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Abstract - This study aims to show how security flaws of web 

applications can threat information security. Web Application 
Security is a branch of Information Security which focuses on 
web application level security flaws and their solutions. Evolution 
of Web continues with a big momentum. The amount of 
information shared over Web increases every day, various 
business domains continue to integrate their operations to the 
digital world. This brings its own risks and makes Information 
Security of Web Applications more important than ever. 

 

Most common and serious Web vulnerabilities have been 
analyzed along with their solutions. This study focuses on how 
web developers can already prevent security problems during the 
development life cycle. What are the best practices to follow 
before/during the development and post-development phases? 
Which security tools can be used to support developers?  

 

Building totally secure web applications is not an easy job. 
Following security standards and development cycles with 
security concerns can already prevent most of the potential 
problems. A security checklist for web developers came out at the 
end of the study. Evolving web technologies and new security 
threats force us to keep this checklist up to date. We are working 
on a mechanism which will keep this checklist up to date. 

 
Keywords  Web Application, Security, Development, 

Checklist, Security Knowledge Framework 

I. INTRODUCTION 

T has been a long time that web applications became much 

more than web sites with static content. Evolution of the 
World Wide Web created web applications with greater 
abilities and still continues to provide brand new solutions to 
all kind of market needs.  

Web applications are the most used technology for 
information and service delivery over Internet. Organizations 
from various different domains continue to move their 
operations to the digital world. Mobile and Web based 
technologies come at the top of the list. These digital services 
can be security critical and may contain sensitive information 
(e.g., financial, health). Fast growing and evolving web 
environment brings up its own risks. Guaranteeing security for 
vast amount of information is not an easy task and not totally 
achievable. On the other hand, security breaches may result in 
loss of enormous amount of information and money along with 
ethical and legal consequences [1]. 

 

 
Figure 1: Security Breach Trends of 2012  2016 [2] 

 
According to Data Breach Trends 2016 report of RiskBased 

Security, 4,281 millions of records have been exposed in 2016, 
while it was only 822 millions in 2015 [2]. Even though the 
number of reported incidents has decreased in 2016, 
consequences of the incidents became much worse. We see 
that there is not any correlation between the number of 
incidents and their results. This fact reminds us that one simple 
security breach may have serious consequences. Security 
standards must be followed completely without ignoring any 
potential threat to minimize all kind of risks. 

 

 
 

Figure 2: Security Breach Trends of 2016 by Industry [2] 
 

 Business industry was the first target of attackers, followed 
by medical and government establishments [2]. 

 
 Sources of these incidents may vary but this study will focus 
only on web application threats and their precautions. Study 

 
their role on developing secure applications. 

Security of Web Applications 

H. 1 and 2 

1 Monitise MEA, /Turkey, hakan.bilgin@monitise.com 
2 mustafa.ersahin@gmail.com  
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II. STATE OF WEB APPLICATIONS 

Web application attacks represent the greatest threat to an 

breaches in 2015 [3]. According to analyzes of WhiteHat 
Security, 5 to 32 vulnerabilities have been found on thousands 
of web applications across different industries. The same study 
shows us that only 5% of web applications have exceptional 
application security, 40% of applications have a lot to improve 
about security. Detecting a vulnerability does not solve the 
problem automatically. Taking action to fix these 
vulnerabilities takes time also. Average open time of critical 
vulnerabilities is over 300 days. High-risk vulnerabilities stay 
open more than 500 days [3]. Average open time of a 
vulnerability is an important parameter. High age values 
increase the chance of attackers to profit these vulnerabilities. 
Unfortunately, considerable number of web applications stay 
always vulnerable, not only in specific time periods. Around 
40% of Banking & Financial Services web applications, half 
of the Health and Retail web applications and more than half 
of the Manufacturing, Food & Beverage, and IT web 
applications remain always vulnerable [3]. These values show 
us that organizations cannot directly fix detected 
vulnerabilities. 
 

Once your application goes live, fixing these vulnerabilities 
may cost much more than taking precautions during the 
development phase. Remediating vulnerable servers may 
create down times which will cause money loss, decrease the 
customer satisfaction and reputation of the product. 
Transforming a web application which has been developed 
without security concerns to a secure web application can be 
more painful than initial implementation. For example, 
changing the old and weak password policy of a web 
application will force all existing users to update their 
password. Managing this process will cost to the organization. 
This could be avoided by following security standards at the 
beginning and launching the web application with the correct 
password policy. 

 
 In toda , development with security concerns is a 
must. Software companies must cultivate culture of security 
prioritized development. Security must be a priority as much 
as the functionality of an application. 
 

Software developers should stay competent on security 
subjects. List of security threats is not static. It is evolving 
along with technologies. More complex technologies create 
more complex security problems. Developers cannot cope with 
this situation alone; they must be supported with standards and 
other helper tools.  

 
OWASP is the main source of information about security 

standards, practices and supporting tools. Thanks to its big and 

open community, OWASP remains as an up to date, reliable 
and educational address for individuals and organizations. 
OWASP has many educational documents and projects for 
software developers to cope with security problems. 

III. SECURITY THREATS AND PREVENTIONS 

The OWASP Top Ten project aims to decide what are the 
most critical web application security flaws. These top ten list 
is created by broad consensus of project community. Original 
goal of the Top 10 was raising awareness amongst developers 
but it has been a de facto application security standard with 
time. Last official release of Top 10 was in 2013 but 2017 
version is on the way with its second candidate.  
 

The OWASP Top 10 for 2017 is constructed based on more 
than 40 security firm reports and industry surveys. Data is 
collected from more than 100,000 applications and APIs.  

 
Web technologies and architectures have been significantly 

changed over the last few years. Single page applications have 
replaced many server rendered web sites. We can now call 
JavaScript as assembly of web. Rise of the SPA frameworks 

 
client side (browsers). Event based server Node.js became 
very popular. Mobile apps and single page applications started 
to share same APIs. 

 
Microservices written in node.js and Spring Boot are 

replacing older enterprise service bus applications using EJBs 
and so on. Old code that never expected to be communicated 
with directly from the Internet is now sitting behind an API or 
RESTful web service. The assumptions that underlie this code, 
such as trusted callers, are simply not valid [4]. 
 
 This evolution has reshaped the OWASP Top 10 list as 
below. 
 

 

Figure 3: OWASP Top Ten 2013 - 2017 Industry [4] 

 
 As we can see above XML External Entity (XXE), Insecure 
Deserialization and Insufficient Logging & Monitoring have 
entered to the list. Insecure Direct Object References and 
Missing Function Level Access Control merged as Broken 
Access Control and took 5th place. Cross-Site Request (CSRF) 
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and Unvalidated Redirects and Forwards take no more place in 
Top 10 list but they should not be forgotten.  
 

1) Injection  

SQL, OS and LDAP injections happen when untrusted data 
and instructions are sent as a part of command or query. 
Injected commands may have very serious results like 
dropping whole database or accessing data without 
authorization.  

 
Preventions; 

 Building secure APIs which avoid query or command 
concatenation. Using ORMs or Entity Framework with 
parameterized queries is the best defense mechanism. 

 Applying white list input validation. 
 Escaping special characters in dynamic queries. 
 Using LIMIT and other SQL controls in queries will keep 
the damage low in case of injection. 

 
2) Broken Authentication and Session Management 

Limiting application functions by user identification is 
generally vulnerable. Vulnerable session management allow 
attackers to access passwords, keys or sessions tokens and gain 
all access rights of real users. 
 
Preventions; 

 Never go to live with default credentials. Specially for 
admin users. 

 Store hashed password with modern algorithms like Argon2 
or PBKDF2. 

 Set strong password policy. Detect weak passwords 
including commonly used words. Accept pass phrases. 

 Define strong registration and credential recovery 
procedures against account enumeration attacks. 

 Implement multi-factor authentication. 
 Keep and watch authentication logs to detect brute force and 
other attacks and alert administrator.  

 
3) Sensitive Data Exposure 

Web APIs are not threating sensitive data with extra 
protection. Sensitive data must be protected with encryption 
and special precautions must be taken during the exchange 
with the browser. 

 
Preventions; 

 Classify all processed, stored or transmitted data. Apply 
different level of security control per class. 

 Apply privacy laws and regulations to sensitive data. 
 Never store sensitive data if not necessary. Safe delete the 
data as soon as possible. 

 Encrypt all sensitive data. Use TLS. Enforce it with HTTP 
Strict Transport Policy HSTS. 

 Use up to date and strong encryption algorithms, keys, 

protocols and ciphers. 
 Disable cache for response which contain sensitive data. 
 Store hashed password with modern algorithms like Argon2 
or PBKDF2. Keep delay factor as high as possible. 

 
4) XML External Entity (XXE) 

This new vulnerability entered to Top 10 list from a high 
position. Reason of this serious vulnerability is old and poorly 
configured XML processors which evaluates external entity 
references within XML documents. External entities can 
access to internal files, execute remote code and make denial 
of service attacks like Billion Laughs attacks. 
 

 

Figure 4: XXE attack for extracting data from server [4] 

 
Preventions; 

  Developer awareness is important to detect potential XXE 
attacks. 

 Disable external entity processing in all XML parsers of the 
application.  

 Validate all incoming XML and XSL file uploads by XSD 
validation.  

 Use white listing input validation to check XML file content. 
 Upgrade SOAP to latest version. 
 Upgrade all third party and underlying XML processor 
libraries including OS libraries. Using dependency checker 
supported by CVE feeds will decrease the risk. 

 
5) Broken Access Control 

Constructing a robust authentication and session 

steal session info or credentials but they can still use more 
privileged user rights if user roles and their restrictions have 
not been defined properly. Attackers may access and modify 

 
 

Preventions; 

  Access control must be implemented in trusted server-side 
where attackers cannot modify access conditions. 

 Implement user role and access right control mechanisms 
once and re-use them in all application.  

 Give users only required rights, do not give unnecessary 
read, create, update or delete rights. Give these rights by 
record. 

 Disable web server directory listing. Do not keep metadata 
files in web roots. 

 Log and watch access failures and alert admins. 

 

111 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

6) Security Misconfiguration 

Bad security configurations or using default configurations 
without any changes is very common. Wrong configurations 
can expose sensitive data. 

 
Preventions; 

  Development, QA and Prod environments must be 
configured identically including all dependency versions.  

 Deployment processes must be standardized and should be 
automated. 

 Never install unnecessary dependencies, documentations. 
 Follow CVE updates. 

 
7) Cross-Site Scripting (XSS) 

Two thirds of applications contain this vulnerability. 

steal sessions, deface web sites or redirect to malicious sites. 
 
Preventions; 

  Using some up to date frameworks like React prevents XSS 
attacks automatically. 

 Escaping untrusted HTTP request data and applying context 
sensitive encoding. They are explained in detail in OWASP 
cheat sheet. 

 Enabling Content Security Policy header. 

 
8) Insecure Deserialization 

Applications may deserialize insecure objects without any 
control. This leads remote code execution, user spoofing and 
privilege elevations.  
 
Preventions; 

  Do not accept serialized objects from untrusted sources. 
 Deserialize only primitive data types if possible. 
 Run deserialization in isolated, very low privileged 
environments.  

 Enforce strict type constraints during deserialization. Accept 
only predefined object patterns. 

 Log and observe deserialization operations. 

 
9) Using Components with Known Vulnerabilities 

Nearly all complex applications have series of dependencies 
which have same privileges as application itself. An 
application can be implemented according to high level 
security standards but one vulnerable dependency can make 
whole application vulnerable as well. Because of that 
dependency management and vulnerability tracking is vital. 
 
Preventions; 

  Remove unused dependencies. 
 Use vulnerability detection tools like versions, 
DependencyCheck and retire.js. 

 Follow feeds of CVE and NVD vulnerabilities of 
dependencies with an automated process. 

 Accept dependencies only from official sources, 
repositories. Prefer signed packages. 

 
10) Insufficient Logging & Monitoring 

Lack of logging in your application causes delay in breach 
detection. Detailed logging of your application supported with 
log analyze tools can detect incidents much more earlier.  
 
Preventions; 

 All login, access control and input validation failures must 
be logged. 

 Enable log monitoring which can detect suspicious log 
patterns and raise alerts. 

 og files. 

IV. SECURE SOFTWARE DEVELOPMENT 

This fresh Top 10 list will update the priorities of developers 
and whole industry. Even though the top ten covers 80-90% of 
all common attacks and threats we cannot stop with that. 

de, Code Review 
Guide and Cheat Sheet documents are essential for complete 
protection. Top 10 list and these supporting documents keep 
evolving. Even without changing a single line of code, 
applications may become vulnerable with time [4].  
 

Developers must digest various documents and standards in 
order to create and maintain an application with OWASP 
Application Security Verification Standard (ASVS). 
Developers alone cannot achieve this. Developers should use 
supporting tools and focus on standards rather than focusing 
on specific vulnerabilities. 

 
As discussed in previous chapters, having an application 

secure by design in much more better and easier than chasing 
vulnerabilities and patching your application after incidents 
occur. Developers must be educated and guided about up to 
date security standards. Developers must apply security 
principles to software development cycles in order to have 
secure by design applications. All these responsibilities can 
create too much work for developers and specialization on 
security can take too much time.  

 
Security Knowledge Framework project is a perfect match 

for developers and security specialist requirements. This 
project aims to educate and guide developers for secure 
development. It contains knowledge base, checklists and code 
examples to achieve security standards on desired levels.  
 
 We have installed a SKF instance for test purposes. We saw 
that it has been designed to work in parallel with agile 
software development methods. The steps that are followed on 
SKF, during the software development cycle can be listed as 
below. 
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 Firstly, a project must be created in SKF which will 
represent a security clone of our real software project.  

 ASVS level (opportunistic, standard, advanced) must be 
decided according the requirements of the project. 

 Name, description and version of security project must be 
cloned from original project. 

 Pre-development settings questions must be answered 
correctly. According to answers SKF will shape the security 
checklist at the end. 

 We add our first sprint and answer questions about the sprint 
content which will shape the security checklist. 

 Security project is now created and a security checklist has 
come out for first sprint. 

 Developers can review the checklist and update the status of 
every item in the list like updating a functional task status on 
a Scrum board.  

 Once the developer closes the security item, Security 
Specialist user can verify the item and task becomes closed 
before the next sprint. 

 Every time a new sprint starts, a security sprint must be 
started in parallel. SKF produces a new security checklist for 
every Sprint according to the Sprint content. 
 

Security checklists produced by SKF come with explanations 
and necessary directions to cheat sheets and knowledge bases. 

V. CONCLUSION 

Applying secure code practices and creating secure by design 
web applications is not easy to achieve. On the other hand, 
there are plenty of guides and standards for testers, developers, 
managers and organizations, provided by OWASP community. 
These guides show us the path towards secure web 
applications. However, digesting all these standards in daily 
development life does not seem realistic. Using Security 
Knowledge Framework will discipline the developers and 
increase the security awareness of organizations.  
  
 Tracking vulnerabilities of application dependencies is as 
important as secure development of application itself. Your 
fully secure application can become vulnerable because of its 
dependencies. CVE tracking tools must be absolutely used. 
 

We believe that developers will create more secure web 
applications with support of SKF. SKF will provide up to date 
security checklists, decrease the effort of developer to follow 
evolving security standards. 
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Abstract - A Low and Lossy Network (LLN) is the result of 
Interconnecting different Internet of Things (IoT) objects. In an 
LLN virtual or physical connected objects communicate and 
interact with each other and with their environment, making 
possible to recover, to store, to transfer and to process exchanged 
data. These data will then be used to carry out actions, analyze, 
and create management tools. IoT is considering a new world of 
connected intelligent devices or objects together with  human 
ones in which the quality of life is improved. These objects have 
limited electrical resources, and are often connected by low-
quality radio links. Traditional routing protocols are not suitable 
for this context. A routing protocol called RPL was specially 
designed by the Internet Engineering Task Force (IETF) for 
Routing Over Low and Lossy Network (ROLL). RPL is used in 
order  to respond to the specific constraints imposed by such 
networks in terms of  limited energy, low calculation capacity, 
etc..  

Nevertheless, this protocol remains vulnerable to  security 
attacks. If protection mechanisms exist, their implementation is 
costly, hence the value of an approach for identifying, assessing 
and treating the risks. As routing is a critical function in any type 
of network, the purpose of our paper is to focus on the RPL 
protocol that governs routing in LLNs for IoT, and what are the 
resulting security issues , especially an analysis of two specific 
attacks: the DAG incoherence attack and the attack on the 
version number and finally its security mechanisms. 
 
 
Keywords - IoT, Security, RPL, DODAG, Version Number.  

I. INTRODUCTION 

he Internet of Things has become one of the challenges, 
and opens up perspectives of evolution in technological 

and scientific subjects. IoT's interest is multiple, both from the 
point of view of the civil users and from that of the companies 
are their concern. Awareness of this area is causing a rapid 
evolution of technologies, and an integration of a wide range 
of diversified media: the concept of "objects" aims to put no 
limit as to the possibilities of implementing technological 
tools in everyday elements. Wireless sensor networks are 
typically used to study a specific environment through data. 
The exchanges of these data are generally routed from a closer 
sensor to a collection station: this is called multi-hop 
communications. In order to overcome the constraints 
associated with sensors (limited energy, low calculation 
capacity, etc.), the scientific community is working to develop 
new, lightweight, reliable and energy-saving communication 
protocols. The deployment of low-power and lossy networks 
called LLN  and IP packet routing is one of the main issues of 
IoT. The ROLL (Routing Over Low Power and Lossy 
Network [1]) of the IETF is working on this problem and has 
just produced its official protocol, RPL (Routing Protocol for 

LLNs). The ROLL group has already produced several RFCs 
detailing the requests of these LLNs: RFC 5867 [2], RFC 5826 
[3], RFC 5673 [4] and RFC 5548 [5]. They also normalized 
the distribution algorithm used by RPL, Trickle (RFC 6206 
[6]). The RPL is de facto a routing protocol for the Internet of 
Things and i s based on the Trickle algorithm of RFC 6550 
[7]. Since its standardization, RPL has contributed to the 
improvement of communications in the world of tiny. 
Nevertheless, this protocol remains vulnerable to numerous 
security attacks. The purpose of this article is to define routing 
mechanisms for networks of machines with limited capacities 
and that are connected by short-range and often scrambled 
radio links, in particular the RPL protocol, the RPL routing 
topology and the analysis of the most known vulnerabilities of 
this protocol namely the analysis of two attacks and finally the 
security mechanisms of RPL. 

II. IOT TECHNOLOGIES 

The Internet of Things (IoT) and its protocols are the 
attention of the industry which makes the evolution of this one 
very fast. IoT technologies allow things, or devices that are 
not computers, to act intelligently and make collaborative 
decisions that are beneficial to certain applications. The 
underlying technologies of ubiquitous computing, Integrated 
sensors, communication and Internet protocols allow the IoT 
to provide its meaning. However, they impose many 
challenges and present the need for specialized protocol 
standards. The principle of the Internet of Things results in the 
deployment of networks with Low power and Lossy Networks 
called LLN . These networks allow many embedded devices 
like sensors to communicate with one another. A routing 
protocol called RPL has been specially designed by the IETF 
to meet the specific constraints imposed by this type of 
network (energy limit, low computing capacity, etc.). There 
are dozens of different technologies, each with its own 
particularities in terms of energy consumption, cost, output 
and scope.  

 
Figure 1: Comparison of the range and the rate of the main standards 

of wireless connectivity. 

T 

114 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

Two main networks categories exist on the market:  
Long-range networks such as Sigfox, LoRa or cellular 
technologies (GSM, 2G, 3G, ... ) are able to pass data between 
devices over vast distances. "They are used by companies that 
want to connect kilometers of infrastructure to the Internet or 
smart cities projects, for example.  
Short-range networks such as Wi-Fi, Z-Wave, ZigBee or 
Bluetooth Low Energy, make it possible to transfer data over 
short distances. or in the consumer wearable market. A 
connected bracelet is never very far from the phone to which it 
transfers its data. 

III. ROUTING IN SENSOR NETWORKS 

objective of a routing protocol is to find a route between 
two nodes of the network. In sensors networks, in addition to 
the problem related to distributed operation, networks nodes 
are under a high energy constraint because they operate on 
batteries. Therefore, multi-hop routing protocols already 
standardized by the IETF are not suitable because they result 
in high energy consumption of the nodes. Mainly, routing 
protocols in resource-limited networks must operate under a 
set of constraints that routing protocols dedicated to ad-hoc 
networks [8] generally do not take into account. For this 
reason, a new Routing Protocol for Low Power and Lossy 
Networks (RPL), which is much more energy-optimized, was 
developed by the IETF. The RPL protocol allows both point-
to-point (P2P), point-to-multipoint (P2MP) and multipoint-to-
point (MP2P) communication. Traditionally, routing protocols 
can be divided into two categories depending on how routing 
information is propagated: reactive protocols and proactive 
protocols. 

A. Reactive Routing protocols 

They work by building roads on demand and maintaining 
them only if necessary, meaning that a source is trying to 
communicate with a destination. The main advantage 
compared to a proactive approach comes from the fact that 
there is no need to maintain route if no traffic is generated on 
the network. However, since the route does not exist before its 
use, a delay corresponding to the creation of the route is 
introduced during routing of the packet [9].   

B. Proactive routing protocols 

For them, it is assumed that each node of the network must 
have a route to any destination, at any time. Therefore, a 
proactive routing protocol builds roads before they are needed 
[18]. In order to keep a routing table up to date, these 
protocols use periodic updates by sending routing messages at 
a certain frequency. These periodic updates must be fast 
enough to take into account changes in topologies and network 
conditions, but not too fast so as not to overload the network 
as a signaling message.  

IV. RPL PROTOCOL 

RPL is an IPv6 routing protocol with a distance vector that 
constructs a Destination Oriented Directed Acyclic Graph 
(DODAG) using an objective function [10] consisting of 
metrics and / or constraints. Procedure of construction of the 

DODAG. In a DODAG, the nodes can be grouped in three 
types based on the tasks they assume.  
 The root, also known as the LBR (Low Power and Lossy 

Network Border Router) [11], plays a very important role 
in the network. The root is responsible for sending the 
DIO messages used to build the DODAG.  

 Parent nodes or routers. A parent node has at least one 
child (a node of lower rank). The parent node ensures the 
flow of information between the root and its children.  

 The leaf nodes are nodes that have no wires. They are 
only connected to their parent node that transmits to them 
the information from the root of the DODAG.  

The DODAG graph formed by the RPL protocol is a logical 
routing topology built from a physical network using a number 
of criteria provided by the system administrator. 

The first step is to broadcast the DIO messages by the root 
or LBR in the DODAG. In its neighborhood at a jump. 
Secondly, each node that received the DIO sent by the LBR 
will use the objective function contained in the DIO message 
and the preferred parent choice algorithm to choose its favorite 
parent. Once the preferred parent is chosen, the node sends a 
DAO [12] message to that parent to indicate its choice. These 
DAO messages contain information that allows the root to 
construct paths to the leaf nodes of the DODAG. The third 
step concerns of the nodes that have chosen the LBR as a 
parent. These will in turn broadcast DIO messages in multicast 
in their vicinity. The process in step 3 continues until all the 
nodes in the network connect to the DODAG. 

 
Figure 2: Final DODDAG built by  the RPL 

A. Format of the DODAG information Object DIO. 

The DODAG information object carries information that 
allows a node to discover an RPL instance, learn its 
configuration parameters and select a set of DODAG's parents 
and maintain the DODAG.   

             Figure 3: DIO Basic Format 
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B. Format of the Destination Advertisement Object DAO. 

Destination Advertisement Object (DAO) is used to 
propagate destination information up along the DODAG. In 
storage mode, the DAO message is unicast by the child to the 
selected parent (s). In non-storage mode, the DAO message is 
unicast at the DODAG root. The message may eventually be 
DAO, upon explicit request or error, be recognized by its 
destination with an Acknowledgment message (DAO-ACK) to 
the sender of the DAO. 

 
Figure 4: The DAO base object. 

The '*' indicates that DODAGID is not always present, as 
described below. 

C. The different metrics of the RPL protocol.  

RPL routing metrics can be grouped into two classes:  
 Node-based metrics is the metric on the hop count and the 

metric on the residual energy of the nodes (Node Energy).  
 Link-based metrics include link quality (LQ), Latency, 

Throughput, and the expected number of retransmission 
(ETX).  

The choice of the metric to be used for building the DODAG 
is configured at the root node. The root will disseminate the 
objective function containing the metric in the DIO messages 
through a reserved field called "OCP" (Objective Code Point).  

D. The operating modes of the RPL protocol.  

Depending on the capacity of the nodes in terms of memory 
and the possible size of the network, the RPL protocol offers 
two modes of operation, Storing mode and Non-Storing mode. 

  
1) Operation "Non-Storing mode."  

In non-Storing mode, only root is able to store routing 
information. The other nodes on the network retain only the 
addresses of their direct parent. All the information on the 
structuring of the DODAG is transmitted to the root in the 
DAO messages. In case of need to route data to any 
destination, the nodes transmit this data to the root through 
their parent. The root will route at the source to the correct 
destination. In this mode of operation, each node generates its 
DAO message and then sends it to the DODAG root through 
multi-hop communications. The DAO message sent is a 
response to a received DIO message, figure (b).  

 
2) The "Storing mode" operation.  

In this mode of operation, the intermediate nodes are able to 
keep in memory the routing information then redirect the 
received data to the correct destination by consulting the 
routing information. Unlike the "Non Storing mode", in the 
"Storing mode", not all DOA messages are transmitted to root. 
Each node transmits its message to its direct parent (parent to 
a jump) that maintains a routing table at its level, figure (a).  

 
Figure 5 : Operating modes of the RPL protocol 

E. RPL protocol control messages.  

For RPL, messages involved in building and maintaining 
DODAG are:  
 DODAG Information Object (DIO), initiated by the LBR 

and retransmitted in multicast by its neighbors.  
 DODAG Destination Advertisement Object (DAO), send 

by the child nodes to their parent.  
 DODAG Information Solicitation (DIS), can be sent by 

all nodes except the LBR.  
 Destination Advertisement Object Acknowledgment 

(DAO_ACK), sent by a parent node to its child. Except 
for DAO and DAO_ACK messages, the other two 
messages have a local target and are sent in multicast to 
neighbors using link IPv6 addresses local.  

The DAO and DAO_ACK messages are sent to them in 
unicast using either a global address or a single local address.  

F. DODAG repair Mechanism   

DODAG mechanism is initiated by the LBR. Each DODAG 
initiated by the root has a version number. The repair 
operation consists of incrementing the number of the current 
DODAG version in order to create a new version. The nodes 
in the new version of the DODAG can choose a new position 
whose rank is smaller compared to the rank of the old version. 
The root always has the rank 0. The transmission of the 
control messages (the DIO messages in particular) by the RPL 
protocol is controlled by a particular timer called "Trickle 
timer". The Trickle timer algorithm reduces the transmission 
of DIO messages when the network is stable. 

V. ATTACKS ON IOT COMPONENTS.  

The most traditional attacks are based on listening to traffic 
(passive attacks) and man in the middle (active attacks) 
allowing the interception of data transmitted in clear text, or 
encrypted if encryption is provided natively by the 
communication protocol or by the application. In the world of 
connected objects, there are several protocols for 
interconnecting equipment. These protocols allow 
communication between different short and long distance 
equipment, in secured or non-secure ways, and some of them 
even allow networks of connected objects to be established. 
Long-range networks designed for low-power equipment 
(LPWAN) are particularly sensitive to data interception or 
equipment spoofing. Short-distance communication protocols 
are not, however, more secure. The security measures set up 
are often rudimentary and can be either broken after 
interception of exchanges that are not very secure, or bypassed 
during the execution of interception by an attack of the "man 
in the middle ". Faced with the many security challenges of 
the Internet of objects, we will analyze two attacks that are 
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more responsive to the inconsistency attack DAG and that of 
version number.  

A. Inconsistency attacks DAG. 

In theory, the mechanism for validating the data path, 
presented above, aims to improve the general reliability of the 
network. However, it is possible to divert this feature to attack 
the network. Indeed, an attacker can make nodes believe that 
there are loops while the topology is stable. Two approaches 
can be adopted by the attacker: 
 Create malicious packets directly with the flag 'R' and the 

wrong direction positioned, 
 Modify the packets that pass through it by positioning the 

flags contained in the extension header .  
In both cases, the immediate consequence of this attack is 

flooding the network with control messages, since all victim 
nodes that have received malicious packets and their vicinity 
will reset their Trickle timer. This will ultimately reduce the 
service life of time of the network. In the second case, the 
modified packets will be deleted by the attacker's parent (node 
2 described in the scenario a in figure (a), which will generate 
a black hole deported to this parent where the data packets will 
be east. 

 
Figure 6: DAG Inconsistency Attack Scenario. 

DAG incoherence attack: In order to reduce the impact of 
such an attack on the network, several countermeasures can be 
envisaged and applied. The first is proposed by the authors of 
RFC 6553 [13]. It is to limit the number of resets of the timer 
Trickle due to the detection of inconsistencies DAG at 20 per 
hour. The second countermeasure 

onnel and Isabelle 
Chrisment [14], is also to limit the number of resets, but they 

pkts represents the number of packets received with flag 'R' 
and D pkt, the number of legitimate data packets that were 
transferred by the node. The variable r is computed locally by 

an unattacked state, the threshold is equal to the value of the 
fixed threshold proposed by the authors of RFC6553 i.e. 20, 
is used to vary the slope of the decreasing exponential in order 
to take into account the aggressiveness of the attacker. 

B. Attacks on version number.  

The version number is an important field in DIO messages. 
It must be propagated without modification along the 
DODAG. Only the root can increment it to create a new 
version of the DODAG to revalidate the integrity of the 
network and allow a global repair. If a node announces an 

older version, it means that it has not migrated to the new 
version and should not be chosen as a parent. An attacker can 
change the version of the DODAG by unlawfully 
incrementing the corresponding field in his DIO messages 
before transmitting them to his neighbors. This will result in 
the potential generation of loops in the graph and the entire 
reconstruction of the DODAG involving a depletion of the 
battery of the nodes.  

 
Figure 7: Scenario used for the attack on the version number 

To counter this attack, Dvir et al proposed a security 
mechanism called VeRa 5 [15] that prevents a compromised 
node from usurping the root by modifying the version number. 
The solution uses an authentication system based on hash 
operations and signatures with shared keys. A node can thus 
verify that it is the root that is at the origin of the change of 
version. However, the authors of TRAIL: Topology 
Authentication in RPL [16] [17] showed that VeRa was not 
safe. They proposed TRAIL 6 by taking up the general idea of 
VeRa but including challenges to be signed by the root. They 
also showed that their solution was reliable at a relatively low 
cost compared to gain in the event of an attack. This 
countermeasure can thus be considered as a risk treatment 
even though it is not dynamically activatable, which could be 
extended for this solution. 

VI. RPL SECURITY. 

RPL supports three security modes. The first one is 
Insecure mode In this security mode, RPL uses the basic 

DIS, DIO, DAO, and DAO-ACK messages, which have no 
security. Preinstalled mode , RPL 
uses secure messages to join an RPL instance, a node must 
have a preinstalled key. A node can use the preinstalled key to 
join the RPL as a host or router.  In the last mode called 
Authenticated mode , RPL uses secure messages. To 

join an RPL instance, a node must have a preinstalled key. By 
using this preinstalled key, a node can join the network as a 
host only. To join the network as a router, the node must 
obtain a second key from a key authority. This authority key 
can authenticate that the requester is allowed to be a router 
before providing the second key.  

A. Join a secure network.  

RPL security assumes that " a node wishing to join a secure 
network was preconfigured with a shared key to communicate 
with neighbors and the root RPL. To join a secure RPL, a 
node must listen to secure DIOs or trigger secure DIOs by 
sending a secure DIS. In addition, secure DIO and DIS 
messages have rules. If the message is sent, the initial secure 
DIS must set the key identifier mode field to 0 (00) and set the 
security level field to 1 (001). The key used must be the 
preconfigured group key (Key Index0x00). When a node 
resets its Trickle timer in response to a secure DIS, the next 
DIO it transmits must be a secure DIO with the same security 
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configuration as the secure DIS. If the node receives several 
secure DIS messages before it transmits a DIO, the secure 
DIO must have the same security configuration as the last DIS 
it responds to. Furthermore, when a node sends a DIO in 
response to a secure unicast DIS, the DIO must be a secure 
DIO.  

The above rules mean that in RPL instances where bit 'A' is 
set, using Key Index 0x00, a node can join the RPL instance 
as a host but not as a router. A node must communicate with a 
key authority to obtain a key that will allow it to act as a 
router. 

B. Installing the keys.  

Authenticated mode requires a router to dynamically install 
the new keys once they have joined a network as a host. 
Having joined the network as a host, the node uses standard IP 
messaging to communicate with an authorization server, 
which can provide new keys. The protocol to obtain the keys 
is out of reach for this specification and is to be elaborated in 
the future specifications. It is necessary to develop keys so that 
RPL operates securely in the authenticated mode. 

C. Consistency checks.  

RPL nodes send Consistency Check CC messages to protect 
against attacks and synchronize the counter. If a node receives 
a CC unicast message with the 'R' bit cleared, and it is a 
member or is about to join the associated DODAG, it must 
reply with a CC unicast message to the sender. This response 
must have the 'R' bit set, and it must have the same DC fields 
nonce, RPL InstanceID and DODAGID as the message it 
received. If a node receives a CC multicast message, it must 
reject the message without further processing.  

Consistency check messages allow nodes to issue a response 
challenge to validate the current counter value of a node. 
Because the CC nuncio is generated by the challenger, an 
opponent replaying the messages is unlikely to generate a 
correct response. The counter of the response to the 
consistency check allows the challenger to validate the values 
he hears. 

D. Counters.  

In the simplest case, the counter value is an unsigned integer 
that the node increases once or many times on each secure 
RPL transmission. The counter MAY represents a timestamp 
which has the following properties:  
 The time stamp must be at least six bytes in length.  
 The timestamp must be at 1024 Hz (binary millisecond).  
 The start time of the time stamp must be January 1, 1970, 

12:00:00 AM UTC.  
 If the counter represents a timestamp, the value of the 

counter must be a value calculated as follows. Let T be 
the timestamp, let S be the start time of the key used and 
E be the end time of the key. Both S and E are represented 
using the same three rules as the timestamp described 
above. If E> T <S, then the counter is invalid and a node 
must not generate a packet. Otherwise the value of the 
counter is equal to T-S.  

 If the counter represents such a timestamp, a node may 
define the flag "T" of the security section of the RPL 
secure packets.  

 If the Counter field does not have such a timestamp, then 
the node must not set the "T" flag.  

 If a node does not have a local timestamp that complies 
with the above rules, it should ignore the "T" flag.  

 If a node supports these timestamps and receives a 
message with the flag "T" , it can apply the time check on 
the received message. If a node receives a message 
without the 'T' flag, it should not apply this time check.  

E. Transmission of outgoing packets.  

The requirement for security protection and the security 
level applied to an outgoing RPL packet must be determined 
by the node security policy database. When secure RPL 
messages are to be transmitted, an RPL node must be 
configured in the security section (T, Sec, KIM, and LVL ) in 
the outgoing RPL packet to describe the level of protection 
and the security settings that are applied. The security subfield 
bit of the RPL message code field must be configured to 
indicate the secure RPL message.  

The counter value used in building the AES-128 CCM to 
secure the outgoing packet must be incremented of the last 
counter transmitted to the particular destination address. When 
a timestamp counter is applied (indicated with the 'T' flag set), 
the locally held timestamp counter must be included in the 
transmitted secure RPL message.  

The cryptographic algorithm used to secure the outgoing 
packet must be specified in the security policy database of the 
node and must be specified in the value of the Sec field 
defined in the output field of the message. The security policy 
also specifies the algorithm and level of protection in the form 
of authentication, encryption and potential use of signatures 
that apply to the outgoing packet.  

F. Receiving incoming packets.  

The receiver uses the RPL security control fields to 
determine the necessary processing of the security of 
packages. For the message type when the sender is unknown 
or does not respect the local security policy, a node must reject 
the packets without further processing. It can raise a 
management alert, and must not send messages in response(as 
indicated by the 'T' flag). The message security level (LVL) 
indicates an encrypted RPL message, the node uses the key 
information identified through the KIM field, and the nonce 
CCM includes the message payload decryption processing. 
The CCM nonce will be derived from the message counter 
field and the other received and maintained locally the 
information. The content of the plaintext shall be obtained by 
invoking the inverse cryptographic operation mode specified 
by the Sec field of the received packet. The recipient shall use 
the nonce CCM and identify the key information to verify the 
integrity of the incoming packet.  

Depending on the security policy specified, a node can apply 
a replay to protect a received RPL message. The replay test 
should be performed before the authentication of the received 
packet. The counter, obtained from the incoming packet, must 
be compared to the incoming counter maintained in the 
address of the original node provided.  
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G. Verifying time stamp keys ( timestamp).  

If the "T" flag of a message is set and a node has a local 
timestamp that follows the requirements of section 10.4, then a 
node can verify the message's time consistency. The node 
calculates the time of transmission of the message by adding 
the value of the counter to the start time of the associated key. 
If this transmission time exceeds the end time of the key, the 
node can reject the message without further delay. If the 
transmission time is too long in the past or in the future 
relatively to the local time of the receiver, the message can be 
rejected without further processing. 

H. Coverage of integrity and confidentiality.  

MACs (Message Authentication Code) and signatures are 
computed on all unsecured IPv6 packets. When calculating 
MACs and signatures, mutable IPv6 fields are considered to 
be filled with zeros in accordance with the rules in [RFC4302] 
[18] (IPsec standalone header). The MACs and signatures 
calculations are performed before any compression that can 
apply the reduction of the layers. 
When a RPL ICMPv6 message is encrypted, encryption starts 
at the first byte after the security section and continues to the 
last byte of the packet. The IPv6 header, the ICMPv6 header, 
and the RPL message are not encrypted until the end of the 
security section because they are needed to decrypt the packet 
correctly. The additional authentication data begins with the 
start of the IPv6 header and ends with the last byte of the RPL. 

 Signatures.  

If the KIM indicates the use of signatures (a value of 3), then 
the node adds a signature to the payload of the packet data. 
The Security Level (LVL) field describes the length of this 
signature. The signature scheme in RPL for security mode 3 is 
an instantiation of the RSA algorithm (RSASSA-PSS) as 
defined in Section 8.1 of [RFC3447] [19]. As a public key, it 
uses the pair (n, e), where n is an RSA module of 2048 bits or 
3072 bits and e = 2 ^ {16} +1. It uses CCM Mode [RFC3610] 
as an encryption system with M = 0 (as stream-encrypt). Note 
that [RFC3610] [20] refuses CCM mode with M = 0, RPL 
explicitly allows CCM mode with M = 0 when used in 
conjunction with a signature because the signature provides 
sufficient data authentication. The RSA signatures on this 
form provide sufficient protection for RPL networks. An 
implementation that supports RSA signature with 2048 bits or 
3072 bits should support verification of both 2048-bit and 
3072-bit RSA signatures. This allows for an upgrade path for 
an RPL deployment.  

VII. CONCLUSION 

This paper focused on the RPL protocol and the possible 
security mechanisms to ensure the confidentiality, integrity 
and authenticity of the data transmitted or received by this 
protocol. In addition, it was proposed to analyze two most 
notable attacks: Attack on the version number of the DODAG 
and attack on the inconsistency of the DAG, as well as its 
countermeasures while respecting the constraints of Low-
power and Lossy networks. Technical safety is one of the first 
problems faced by manufacturers and industrials: Preventing 
malicious use of a device is essential to avoid disastrous 

human and economic consequences. This data can also be a 
source of information about a physical environment, and thus 
identify its weaknesses and shortcomings. The strong 
production of data forces us to rethink of the notion of 
privacy, and raises ethical questions about the storage and use 
of this data. Consequently, the concept of Big Data joins 
connected objects, which feed it consistently, through the 
collection of massive data on users. 
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Abstract - Different methods are used to find the edges on the 
images. Canny edge detection algorithm is one of the most 
successful methods. Although it yields successful results, the 
processing load is very complicated. In this study, to enhance the 
Canny edge detection algorithm, enhancement was performed on 
the Canny edge detection algorithm using kernels which used in 
Sobel, Robert and Prewitt methods. The enhanced Canny edge 
detection algorithm was compared using Canny edge detection 
algorithm which using 3x3 gauss kernel and Canny edge 
detection algorithm which using a 5x5 gauss kernel. Study was 
tested using a special dataset. The results obtained after the test 
phase were compared using Mean Square Error (MSE), Peak 
Signal-to-Noise Ratio (PSNR), Correlation Index (CI) and Time 
elapsed (TE) metrics. As a result of the comparison, it was 
determined that enhanced Canny edge detection algorithm which 
using the Sobel kernel gives the most effective result.  
 

Keywords - Image processing, Canny edge detection algorithm, 
Sobel operator, Robert edge detection method, Prewitt edge 
detection method.  
 

I. INTRODUCTION 

NE of the most important aspects of image processing is 
the algorithms used for edge detection. With these 

algorithms it is possible to find the edges in any image. An 
edge in an image is an important factor affecting the physical 
changes of the image. Edge detection is the process of 
identifying and locating sharp discontinuities which 
characterize boundaries of objects in an image. Edge detection 
is one of the most essential steps in image processing for 
analyzing the objects on image [1]. 

Edge detection is mostly used for the object detection and 
feature extraction. But it is not always possible to obtain ideal 
edges from images [1, 2]. Edge detection operator needs to be 
chosen to be responsive to gradual change [3]. The edge is the 
boundary separating the two regions with relatively large 
gray-tone value differences between them. Therefore, many 
edge detection methods are based on the calculation of local 
derivatives. The most commonly used edge detection 
algorithms are Prewitt, Robert, Sobel, Canny, Marr and 
Hilldreth [4]. In the literature shows that, these algorithms 
have been used on gray-level images for edge detection 
purposes [4-8]. 

The Canny algorithm is one of the most successful edge 
detection methods [9]. Although it yields successful results, 

the processing load is very complicated. In this study, for 
improve the performance of Canny edge detection algorithm, 
an enhancement on Canny edge detection algorithm was 
made. This enhancement on the Canny edge detection 
algorithm was performed using kernels which used in Sobel, 
Robert and Prewitt methods. 

The rest of this paper is organized as; Section 2 presents the 
methods used, this is followed by experiments and results 
which are obtained from metrics in Section 3 and finally 
Section 4 concludes the paper. 

II. METHODS USED 

Canny edge detection algorithm is a multi-stage edge 
detection algorithm designed to detect sharp edges in the 
image. Developed by John F. Canny in 1986 [10]. Although 
more complex than other edge detection algorithms, Canny is 
one of the best edge detection algorithms. Canny's algorithm is 
based on the mathematical expression of the three main goals:  

 Low error rate; the perceived edges are as close to the 
actual edges as possible. 

 The edge points can be well defined; the distance 
between the specified points and the actual edge center 
is the minimum. 

 Single edge point answer; the sensor has only one point 
for each right edge, the smallest local maximum around 
the right edge. 

It is a very effective method for detecting the edges on the 
image. A softening filter is applied before the image is 
derived. With Canny edge detection algorithm, it generates 
edges with a single pixel thickness and merges broken lines. 
The steps of the Canny algorithm are shown below; 

 Noise in the image is reduced by taking convolution 
with the Gaussian kernel. The Mean or Median filter 
can also be used outside the Gaussian filter. 

 Gradient operator is applied. In this way, the size and 
direction of the gradient are calculated.  

 The edges are thinned using Non Maxima compression. 
 Binary thresholding is applied so that undesired 

refinement is performed. 
 After the strong-weak separation, the impression is 

applied and the final image is given with the main 
edges [11]. 

In the following subsections, the steps of the enhanced Canny 
algorithm are described in detail. 
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A. Noise Reduction 

Noise reduction must be done for edge detection in the 
image. In this study, for reducing the noises and sharpening 
the edges the Mean filtering method and the Gauss filtering 
method was used.   

The mean filter is a low pass filter. The low-pass filter is a 
filter that allows processing of signals over a certain 
frequency. The Gaussian filter is used to blur/soften the 
images and reduce noise on the image [11]. 

The Gaussian filter is mainly used in digital image 
processing for image smoothing and noise reduction, which 
involves averaging pixel values in an image [12]. The image 
must be smoothed for edge detection. In (1) shows the 
Gaussian function. 

                      (1) 

 
The Gaussian function is an operator used for smoothing. 

Here, x, y give the standard deviation of the image coordinate 
 

B. Finding the Gradient Operator 

In this study, we used three different kernel operators to 
determine the gradient used in the Canny algorithm's steps.  

After the Gaussian filter step of the Canny edge detection 
algorithm, we applied the Sobel, Robert and Prewitt kernels on 
the gradient operator step separately.  

1) Sobel Operator 
Edges occur where there is a discontinuity in the intensity 

function in the image. Gradient-based detection methods  are 
take  the first-order  derivative  of  the  intensity  value  across  
the image [13]. When a numerical image is evaluated as a 
function, it is based on the idea that the gradient value on a 
point is formed as vector sums of gradient values that can be 

Vector sums of these gradient values; provides an average 
value over the gradient measurements. For the 3x3 
neighborhood, the gradient value of the center point is found 
as the vector sums of the orthogonal vector pairs. 

There are two convolution kernels in the sobel operator. 
These enable the determination of locations with sudden light 
intensity variations in the image. In (2) shows these kernels. 

 

                        (2) 

 
Fig. 1. shows the flow chart of the Sobel enhancement of 

Canny edge detection algorithm. 
 

 
Figure 1: The flow chart of the Sobel kernel enhancements of Canny 

edge detection algorithm. 

 
2) Prewitt Operator 

It provides vertical and horizontal sharpness like a sobel 
operator. Prewitt filter is a fast method for edge detection. The 
difference from the Sobel filter is the spectral response. It is 
only suitable for noisy images with good contrast [14]. In (3) 
shows Prewitt kernels. 

 

          

                      (3) 

 
Fig. 2. shows the flow chart of the Prewitt enhancement of 
Canny edge detection algorithm. 
 

 
Figure 2: The flow chart of the Prewitt kernel enhancements of 

Canny edge detection algorithm. 

 
3) Robert Operator 

The oldest operator used for the image processing. With this 
operator, only the edges are obtained either horizontally or 
vertically. Because it has a fast and simple application, it is 
highly preferred in real time applications. 

The Robert operator performs a 2-dimensional spatial 
gradient measurement, which can be simply and quickly 
calculated on an image. The operator consists of a pair of 2X2 
convolution kernels as shown in (4). One of the kernels is 

similar to the Sobel operator [14].  
                      

                                        (4) 
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In Fig. 3. shows the flow chart of the Robert enhancements 
of Canny edge detection algorithm. 

 

 
Figure 3: The flow chart of the Robert kernel enhancements of Canny 

edge detection algorithm. 

 

C. Edge Thinning 

The edges of obtained images after using operators are 
thick. For thinning the edges, the method of suppressing non-
maximum pixel values is used. 

In this method, the image is scanned in the direction of the 
gradient of the image and is set to zero if the pixel is not the 
local maximum. In (5) shows that calculation. In (6) calculates 
the size of the gradient operator, and in (7) calculates the 
direction of the gradient operator. 

 

                         (5) 

                    (6) 

                    (7) 

 
After the gradient direction is calculated for each pixel, it is 

desired that two additional neighboring pixels in the direction 
of the obtained angle value are selected, so that the median 
pixel has a high value therefrom. If this condition is not met, 
the median pixel is eliminated from the edge image by 
zeroing. In this way, only the pixels which have the maximum 
gradient values are left perpendicular to the edges [10]. 

D. Binary Thresholding and Edge Separation 

In the last step of the Canny edge detection algorithm is the 
edge separation. Two threshold values, high and low, are used 
to test the pixel continuity in the edge image. The following 
steps are taken for the continuity test: Two threshold levels, 
high and low, are determined and for each point: 
 If the maximum edge gradient (pixel value) perpendicular 

to the edge is higher than the high threshold, it is left as 
the edge. 

 If the peak maximum gradient amplitude from the edge is 
lower than the low threshold, zero is set. 

 If the pixel value is between the high and low thresholds, 
then this pixel is allowed to remain an edge if there is an 
adjacent neighbor that exceeds the high threshold. 

 If there is no neighbor that crosses the threshold, it is 
eliminated from the edge image by pulling zero. 

After these steps image edges are obtained. 

III. EXPERIMENTAL RESULTS 

In this study, the developed improvements have been tested on 
the dataset to determine the Canny enhancement which gives 
the best result. The dataset which we used consists of 50 
different face images. 

The proposed enhancements in this study were developed 
by using Python language. And testing process was performed 
on Python environment. In the test phase, the enhanced Canny 
edge detection algorithms were compared using Canny edge 
detection algorithm which using 3x3 gauss kernel and which 
using a 5x5 gauss kernel from the OpenCV image library. In 
Fig. 4 shows the test results of each enhancement separately. 

 

Original 
Images 

Original 
Canny 

algorith
m 

Canny 

alg. from 
OpenCV 

Canny 

alg. with 
Prewitt 
Kernel 

Canny 

alg. with 
Sobel 
Kernel 

Canny 

alg. with 
Robert 
Kernel 

      

Figure 4: Some examples of test results from face dataset. 
 

After those comparisons, we analyzed the test results by 
using MSE, PSNR, CI and TE metrics. In Table 1 show the 
average results of the metrics which we obtained from 50 
images.  

Table 1: Average results of the PSNR, MSE, CI and TE metrics. 

 PSNR MSE CI TE 
Original Canny 

algorithm 
5,7596 18261,780 0,03556 2,0669 

Canny algorithm 
from OpenCV 

5,6247 18626,372 0,04018 0,0041 

Canny alg. with 
Sobel Kernel 

6,1750 16597,172 0,05254 3,2337 

Canny alg. with 
Prewitt Kernel 

6,1387 16781,212 0,05433 4,8283 

Canny alg. with 
Robert Kernel 

5,8596 17791,860 0,05274 2,5320 

 
And Fig. 5 (a)-(d) shows the graphical display of enhanced 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5: a) PSNR, b) MSE, c) CI, and d) TE metric graphics of the 
enhancements of the Canny edge detection algorithm. 

 

As shown in Table 1, the performance of the enhancements 

and sharpness of the images used. The Sobel kernel 
 algorithm gives the most 

successful results in terms of the PSNR and MSE metrics 
used. The other hand if we consider the duration time of these 
enhancements, it is observed that the  which 
uses 5x5 gauss kernel from OpenCV image library gives the 
most successful results. But when we consider the correctness 
of the edges which are found, this enhancement is failed 
according to the other enhancements. And in the correlational 
base it is observed that the Prewitt kernel enhancement of the 
Can
the CI metric used. 

It is observed that the Sobel kernel enhancement of the 
 gives very successful results by looking at 

the Table 1 in general.  

IV. CONCLUSION 

In this study, the enhancements were made on Canny edge 
detection algorithm's gradient operator step for improve the 
Canny's edge detection algorithm performance. For this, the 

use. The enhanced Canny edge detection algorithm was 
compared using Canny edge detection algorithm which using 
3x3 gauss kernel and which using a 5x5 gauss kernel from 
OpenCV image library. Study was tested using same face 
dataset which consisting of 50 different images for each 
enhancement. It was determined that enhanced Canny edge 
detection algorithm which using the Sobel kernel on the 
gradient operation step gives the most effective result 
according to the metric results. 
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Abstract - Edge detection is the process of finding sharper 
separations or sharp transitions in the image. Various methods 
are used for edge detection on images. Canny, Sobel, Prewitt, 
Rosenfeld, Marr-Hildreth and Laplacian are some of these 
methods. The Canny algorithm is one of the most successful edge 
detection methods. In this study, the Canny edge detection 
algorithm which enhanced by using the Sobel kernel was used to 
determine the edges of the melanomas on the dermatological 
images. During the test phase, a special dermatological image 
dataset consisting of 70 images was used. The test results were 
analyzed using Mean Square Error (MSE), Peak Signal-to-Noise 
Ratio (PSNR), Correlation Index (CI) and Time Elapsed (TE) 
metrics. As a result of the analysis performed, it was found that 
the enhancement of Canny edge detection algorithm gave more 
effective results in melanoma edge detection operations on 
dermatological images.  
 

Keywords - Medical image processing, Canny edge detection, 
Dermatologic images, Wound detection, Melanoma detection.  
 

I. INTRODUCTION 

ASAL-CELL cancer, squamous-cell cancer and 
melanoma are the three main types of skin cancer. The 

first two of them are known as non-melanoma skin cancer. 
Generally, non-melanoma skin cancer is one of the treatable 
skin cancer types. But Melanoma is the most aggressive skin 
cancer type [1]. Melanoma represents one of most malignant 
tumors associated with melanocytes in pigmented cells of the 
skin. And it is a dermatological disease which has the higher 
rate of death among the skin cancer types. According to the 
Skin Cancer Foundation, during the past decades the incidence 
of skin cancer has increasing rapidly. If melanoma detection is 
at earlier stages, it can be curable successfully. The early 
detection of melanoma can achieve cure ratios of over 95% 
[2]. And this success rate can decrease the death number of 
skin cancer. 

Melanoma is commonly shown itself with some changes on 
the skin such as in color, size, contour, configuration, or new 
pigmented lesions. Thus, diagnosis of melanoma is hard even 
for experienced dermatologists. According to the record it was 
found that 60% claim lodged against Medical Protection 
Society for faulty diagnosis by doctors [3]. Therefore 
computer assisted diagnostic tool for melanoma detection is 
becoming necessary [4].  

Since the diagnosis of melanoma can be made visually, the 
algorithms and studies developed in the digital environment 
have great importance in the early diagnosis stage of the 
disease. Developed algorithms and applications provide 
convenience for doctors and patients [5]. Due to this, 
applications and algorithms have been developed. 

 Sundar et al. [6] propose an algorithm for early detection 
of melanoma using Multiclass support vector machine. 
Zeljkovic et al. [4] offer the potential cutaneous melanoma 
automated detection algorithm equally successfully applicable 
to various skin colors. Choudhury et al. [7] propose a 
multilayer decomposition aided method based on textural and 
color feature for detection and classification of skin cancer 
images. Kumar et al. [8] propose an efficient image 
segmentation algorithm using radial search technique to 
extract true border of dermoscopy skin images containing 
wounds. 

In this study we propose an algorithm which is an 
enhancement of Canny edge detection algorithm for edge 
detection of the melanomas on the dermatological images.  

The rest of this paper is organized as, Section 2 presents the 
proposed algorithm for edge detection of wound on images, 
this is followed by experimental results which are obtained 
from metrics in Section 3 and finally Section 4 concludes the 
paper. 

II. THE PROPOSED ALGORITHM 

In this paper, we aim to find the edges of the melanoma area 
on the dermatological images. Edge detection is the process of 
finding sharper separations or sharp transitions in the image. 
Various methods are used for edge detection on images. 
Canny edge detection algorithm is one of the edge detection 
algorithms. It is a very effective method for detecting the 
wound edges on the dermatological images [3]. However 
Canny's algorithm processing load is very complicated. For 
this reason we chose to use an enhancement of Canny's 
algoritm. This enhancement was made on the gradient step of 
the algorithm. We used Sobel kernel for finding the gradient 
value. Fig. 1 gives the algorithm flowchart. 
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Figure 1: The flow chart of the Sobel kernel enhancements of Canny 

edge detection algorithm. 

 
The first step of the algorithm, for reducing the noises and 

sharpening the edges the Mean filtering method and the Gauss 
filtering method was used. The image must be smoothed for 
edge detection. In (1) gives the Gauss filtering function. 

                      (1) 

 
Here, x, y give the standard deviation of the image 

coordinate  is the probability distribution. After 
the Gaussian filter step, we applied the Sobel kernels on the 
gradient operator step for finding the gradient value. The 
gradient value on a point is formed as vector sums of gradient 

neighborhood. There are two convolution kernels in the sobel 
operator. Sobel kernel in (2) is applied to each pixel in the 
image in both direction. 

 

                        (2) 

 
Strength of the edge is determined by gradient magnitude 

while direction of the gradient is used to determine for each 
pixel the direction with the largest change in intensity [9]. The 
image is scanned in the direction of the gradient of the image 
and is set to zero if the pixel is not the local maximum. In (3) 
calculates the size of the gradient operator, and (4) calculates 
the direction of the gradient operator. 

 

                    (3) 

                    (4) 

 

After the gradient direction is calculated for each pixel, it is 
desired that two additional neighboring pixels in the direction 
of the obtained angle value are selected. In this way, only the 
pixels which have the maximum gradient values are left 
perpendicular to the edges. When this step is finished the next 
step which is the reduction in edge numbers is performed 
using double threshold to separate strong, weak and 
suppressed edges. Weak edges are finally preserved or 
suppressed [9]. After these steps melanoma edges are obtained 
and have been drawn as a new image. 

III. EXPERIMENTAL RESULTS 

In this study, the application developed to reach the early and 
accurate diagnosis of the disease by using the extraction of the 
diseased region was tested on 70 pictures. The dataset consists 
of 70 melanoma images from the digital image archive of the 
Department of Dermatology of the University of Groningen 
University Medical Center (UMCG) used for the development 
and testing of the MED-NODE system for skin cancer 
detection from macroscopic images. 

The proposed algorithm was developed by using Python 
language. And testing process was performed on Python 
environment. Fig. 2 shows some of the test results which 
consist of different types of melanomas. 
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Figure 2: Examples of the test results which consist of different types 

of melanomas. 

 
We analyzed the test results by using MSE, PSNR, CI and 

TE metrics. In Table 1 gives the average results of the metrics 
which we obtained from 70 melanoma images.  

Table 1: Average results of the PSNR, MSE, CI and TE metrics. 

          Method 
Metrics Sobel Kernel 

PSNR 4,856520896 
MSE 22118,44396 

CI -0,05057784216 
TE 31,09135676 

 
And Fig. 3 (a)-(d) gives the graphical display of 

enhanced algorithm metrics results. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3: a) PSNR, b) CI, c) MSE, and d) TE metric graphics of 
the enhanced Canny edge detection algorithm with Sobel kernel. 

 
As shown in Table 1, the performance of the enhancements 

algorithm varies depending on the resolution, 
ages used. It is 

algorithm gives very successful results for the melanoma area 
detection on the dermatological images. 

IV. CONCLUSION 

In this study, an enhanced Canny edge detection algorithm 
was used for melanoma area detection on dermatological 
images. This enhancement was made by using Sobel kernels 
in the gradient finding step of the Canny edge detection 
algorithm for improve the Canny's edge detection algorithm 
performance. Study was tested using a special dataset which 
consisting of 70 images with different types of melanoma on 
the skin. The test results were analyzed using MSE, PSNR, CI 
and TE metrics. In conclusion, the proposed  enhanced Canny 
edge detection algorithm which using the Sobel kernel on the 
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gradient operation step gives effective results in melanoma 
edge detection operations on dermatological images. Also this 
study will shed light on the future studies for the estimation of 
the skin cancer from dermatological images. 
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Abstract  Software requirements include user needs and 
descriptions of the necessary modules for the planned system. 
Therefore, analysis of the requirements provides information 
for the software design, and facilities coding phase. Recently, it 
is seen that studies automatically generating source code by 
analyzing requirements in Object Oriented (OO) paradigm 
have commonly been used in software engineering area. It is 
observed that these studies perform evaluation process with 
commonly used measures such as precision, recall, and F-
measure. These measures consider that certain evaluation 
criteria (classes, attributes, and operations and so on) have the 
same priority.  However, this approach may lead to 
misevaluation, because the priorities of the criteria can be 
relative according to opinions of experts who evaluate the 
system. Thus, we present a novel evaluation approach for the 
systems automatically generating OO code in this paper. Our 
method calculates weights of the evaluation criteria by using 
Analytical Hierarchy Process (AHP), after specific criteria 
affecting the decision problem are determined. As a result of the 
study, it is observed that the evaluation method with weighting 
the criteria conducts more accurate and realistic results on the 
automatic OO source code generation works. 

Keywords  - software requirements; Object Oriented (OO) 
design; source code transformation; validation; Multi Criteria 
Decision Making (MCDM); Analytical Hierarchy Process (AHP) 

 

I.  INTRODUCTION  

The requirement document that includes customer needs has 
significant effect in the success of software projects. It 
includes keywords related to the planned system, and it plays 
an active role in the smooth progress of the software projects 
[1]. Therefore, the information in the requirement documents 
created at the initial stage of the Software Development Life 
Cycle (SDLC) is used to the end of implementation phase. 

The analysis of the requirement document provides 
information about the general framework of planned 
systems, and it facilities coding phase. For instance, the 
requirement document of a software designed in Object 
Oriented (OO) paradigm contains important keywords such 
as the classes, attributes, methods and relationships to be 
included in the model revealed. 

With recent development in the technology, studies 
implementing automatic transformation from software 
requirements into OO-based source code become 
widespread. The common aim of automatic transformation 
studies is creating a model to reduce workload of a software 

development and expedite the preparation phase of a 
software [2]. When these studies are examined, it is seen that 
commonly used measurements such as precision, recall and 
F-measure are used for the evaluation process. By using these 
measurements, it is demonstrated whether a produced model 
is a reasonable representation of the actual system [3]. These 
measures consider evaluation factors (OO design elements) 
as if they have the same priority. However, it is necessary to 
consider that the specified criteria for the evaluation of 
source codes have different priorities. The priorities of these 
criteria vary depending on the views of decision makers who 
evaluate the system.  

In this paper, we propose Analytical Hierarchy Process 
(AHP) [4] based validation of the studies, which utilize 
automatic OO-based source code transformation from textual 
requirements. According to this, OO-based source code 
documents are evaluated by considering weights of the 
criteria (classes, attributes, methods, relationship type, etc.) 
which can be varied depending on decision makers. The 
weights of evaluation criteria are determined by using AHP 
method, which is a well-known Multi Criteria Decision 
Making (MCDM) tool and widely used in various decision-
making problems. The proposed approach is evaluated on a 
particular study, which is presented by Bozyigit et al. [5]. As 
a result, it has been observed that the evaluation by using 
AHP gives more realistic results than the accuracy rate 
calculated with precision, recall and F-measure in the study 
of Bozyigit et al. [5].  

Outline: The remainder of the paper is organized as 
follows: Section II gives information about previous works 
that implement automatic transformation process from 
textual requirements into source code. Section III presents an 
existing approach automatically generating source code. 
Sections IV presents the proposed model for evaluation and 
validation process. Finally, Section V concludes the paper. 

 

II. REVIEWED WORKS 

It is observed that there are a few studies generating OO-
based source code from textual requirement document in the 
literature. It is realized that all of the studies discussed and 
analysed in this paper benefit from the commonly used 
parameters such as precision, recall and F-measure in 
evaluation section. None of them use from any statistical 
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method and expert opinion to validate their study.  
Bajwa et al. propose a study that implement automatic 

OO-based code generation in Java and VB.Net from the 
English requirement documents [6]. They used a simple 
matrix representing accuracy rate of generated models. 
Overall accuracy is calculated by average of total accuracy 
of all categories (class, attribute, method and relationship). It 
is indicated that accuracy rate of the study is between 80% 
and 85%.    

Tripathy et al. present a study that transform incomplete 
and ambiguous requirement documents into XML source 
code [7]. They use classical performance metrics such as 
precision, recall, F-measure to evaluate their approach. The 
relevance of the classes identified in the source code is 
indicated by precision, the ability of the automation to 
generate all classes is indicated by the recall percentage. 
They calculate over-specification to determine number of 
unnecessary but correctly identified classes. 

Shinde et al. propose a study, which implements OO-based 
code generation in Java from user modelling information by 
using strong semantic support [8]. To test the performance of 
the extracted models and generated source code, five 
parameters are used such that; number of objects and classes, 

number of attributes, number of methods, number of 
associations and number of actors. A simple matrix of 
generated models is created and so validation process is 
completed on this matrix. 

Bozyigit et al. generate source codes in Java and C# by 
utilizing OO analysis on software requirement documents in 
their study, which is called as AutoClass [5]. ATM model [9] 
is used as dataset in evaluation of study. Validation of the 
proposed system is done with evaluation measures including 
recall, precision and F-Measure. It is calculated that accuracy 
of the system is 93 %. 

 

III. GENERAL METHODOLOGY IN REVIEWED APPROACHES 

It is observed that similar approaches are utilized in the 
studies, which transform textual requirements into OO-based 
source codes. Figure 1 shows the general framework of these 
studies. First, the textual requirements are formatted by pre-
processing step within certain constraints. Then, the source 
code generation is completed by compositing the model 
elements revealed by the transformation process. Finally, 
evaluation of proposed model are performed. 

 

Figure 1:   General architecture of reviewed approaches 

 

A. General Transformation Method 

Requirement analysis enables to determine the purpose, 
functionalities, actors, events, and interfaces of proposed 
software system. Therefore, requirement analysis forms the 
basis of code transformation studies. Natural Language 
Processing (NLP) methods can be used in the initial step of 
requirement analysis part of code transformation studies. 
Figure 2 shows the general architecture of NLP methods used 
in code transformation models. The first step in NLP frame 
is tokenization, which separates textual documents into 
tokens. Then, word groups obtained after tokenization 
process are stemmed. Finally, the NLP step is completed by 
applying the Part of Speech (POS) tagging to label each word 
according to the position in the sentence. The POS tags are 
set up to input for rule-based model. 

After completing the NLP part, the obtained data is 
processed to generate OO-based source code. Rule-based 
systems manipulate data, which is extracted by NLP to 
interpret knowledge in a useful way. Rule-based models 
enable identification of classes, attributes, methods, 
relations, and other elements in OOP design by using 
meaningful statements in textual requirements obtained with 
NLP processes. 

 

Figure 2: Basic NLP steps in reviewed studies 
 

The following rules are commonly used to transform 
textual data into OO-based software code when studies 
implementing code generation are reviewed.  

 All nouns in the requirement document are candidates 
to be class or attribute names. 

 Nouns with the highest frequency are more likely to be 
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class names. 

 The verbs in the sentence are candidates for the method 
names. 

 Verbs connecting two names give information about 
relationships between classes. 

 If a verb is in the following list {include, involve, 
contain, consist etc.}, then aggregation or composition 
relationship may be revealed between classes. 
 

B. Evaluation Model of Reviewed Works 

The validation of studies implementing OO-based source 
code generation checks whether the obtained code contains 
the keywords in the software requirement document. These 
keywords are classes, attributes, methods, relationships, 
relationship type, etc. that should be included in OO design. 

It is observed that all of the studies discussed in the paper 
benefit from the precision, recall and F-measure parameters, 
which are the scoring concept of statistical science in the 
evaluation phase [10]. The number of the classes, attributes, 
methods and relationships in the generated source code are 
compared with a standard model and missing model elements 
are determined. Accuracy of proposed model is calculated by 
taking into consideration the elements that are required, 
missing or excessive. 

The precision is obtained by the ratio of the correct data to 
the total data, and it is calculated according to the equation 
given in Formula 1. TP (true positive) denotes the number of 
objects that are correctly extracted by system. FP (false 
positive) refers to the number of objects that the system 
confirms as true when indeed it is not. 

 

The recall metric is calculated by the ratio of the correct 
data to the expected correct data, it is given in Formula 2. FN 
(false negatives) in the equation refers to the number of 
correct data, which could not be found.  

 

In order to calculate the accuracy of the proposed model, 
the harmonic mean of the precision and recall values are 
obtained and the F-measure is calculated according to the 
equation given in Formula 3. 

 

Table 1 shows the evaluation results of a case study (one 
of the reviewed studies) conducted by Bozyigit et al. [5]. The 

precision, recall and F-measure values, which are calculated 
based on the expected and obtained data as a result of the 
study, are shown in Table 2.  

Table 1: Evaluation results of AutoClass[8] 

 Class Relationship Attribute Method 

AutoClass 
[8] 

10 11 3 8 

Expected 
values 

10 13 3 9 

 

Table 2: F-Measu n Autoclass[8] 

 Class Relationship Attribute Method 

Precision 1 0.92 1 0.8 

Recall 1 0.85 1 0.89 

F-measure 1 0.88 1 0.84 

 
The accuracy rate of AutoClass [5] is calculated as 93% 

regarding the F-measure value for each criterion in Table 2. 
All criteria are considered equally weighted and arithmetic 
mean of all F-measure values is calculated as shown in 
Equation 4.  

 

    (4) 

 

IV. PROPOSED MODEL 

It is a challenging task to validate the studies, which utilize 
source code transformation from requirement documents, 
because the evaluation phase is highly dependent on personal 
opinions and it is subjective in nature. Therefore, firstly, 
decision-making problem should be defined, and then factors 
affecting decision points and importance values of these 
factors should be determined [11]. In this case, AHP method 
that is created under MCDM would be so befitting. Thus, a 
novel approach is presented in this study, and it is 
demonstrated in Figure 3.  The evaluation part, which 
includes AHP, has a novelty, because none of the studies in 
the literature generating source code from requirements uses 
criteria weighting process in the evaluation phase.   
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Figure  3:   Proposed model 
 

In the literature, AHP is widely used tool for dealing with 
various decision-making problems. It enables the decision 
makers to define criteria and calculate weight for each 
criterion to make the best decision. AHP starts with the 
construction of a functional hierarchy to decompose complex 
systems into their basic parts according to their required 
relationships [12]. To determine weights of criteria by using 
AHP, there are four main steps to be done. 

Step 1: The evaluation criteria are taken into consideration 
and alternatives are chosen to make the best decision. 

 There are multiple criteria affecting the accuracy of the 
OO-based source code and the importance of the 
criteria is relative. The criteria specified by three 
decision makers participating in this study are as 
follows.  

 Classes: Finding all classes in the OO-based model 
completely, 

 Attributes: Finding set of attributes and placing them 
in the related classes, 

 Methods: Finding set of methods and placing them in 
the related classes, 

 Relationships: Finding all relationships between 
classes and organize them correctly,  

 Relationship type (composition, aggregation, 
inheritance, association vb.): Defining relationships 
type inter classes correctly. 

 Many to many relationship: Showing whether there are 
many to many relationships between the two classes.  

Step 2: Comparison matrix of factors which is  
square matrix A, is created [13]. 

 

In this step, decision makers are asked to compare the 
criteria at a given level on a pairwise basis in order to 
estimate their relative importance. A nine-point scale is 
commonly used to demonstrate 
between options as equal importance, moderate importance, 
strong importance, very strong importance, or extreme 
importance preferred. Table 3 shows the pairwise 
comparison of each criteria belongs to three decision makers 
participating in the study. It is assumed that the Criterion 1 is 
equally or more important than the Criterion 2. 

 

Table 3: Importance of each criterion with respect to AHP priorities  

 

# 

 

Criterion 1  

 

Criterion 2 

 

Equal (1) 

 

The importance value of Criterion 1 over Criterion 2 

2 3 4 5 6 7 8 9 

1 Class Relationship    X      

2 Class Attribute     X     

3 Class Method     X     

4 Class Relationship type       X   

5 Class Many to many association         X 

6 Relationship Attribute  X        

7 Relationship Method  X        

8 Relationship Relationship type    X      

9 Relationship Many to many association      X    

10 Attributes Method X         

11 Attributes Relationship type  X        

12 Attributes Many to many association    X      
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13 Methods Relationship type  X        

4 Methods Many to Many Association    X      

15 Relationship type Many to Many Association  X        

According the values in Table 3,   comparison 
matrix A is created. The diagonal elements of the 
comparison matrix are set to 1, because the relevant factor 
is compared with itself in this case. As seen in Table 3, the 
first criterion in the first row is four times important than 
second one according to the decision maker. Thus, the 
element in the first row and second column is set to 4 and 
the element in the second row and first column is set to 
the matrix A according to Equation 4.   

                                              (4) 

The comparison matrix is showed in Table 4. 

Table 4: Comparison  A 

 1 2 3 4 5 6 
1 1 4.00 5.00 5.00 7.00 9.00 
2 0.25 1 2.00 2.00 4.00 6.00 
3 0.20 0.50 1 1.00 2.00 4.00 
4 0.20 0.50 1.00 1 2.00 4.00 
5 0.14 0.25 0.50 0.50 1 2.00 
6 0.11 0.17 0.25 0.25 0.50 1 

 

Step 3: AHP assigns a score to each option according to 

the considered criterion. 
The column vectors are determined before calculating 

the weights of all of these criteria; a column vector is 
denoted as   where i is from 1 to n (the number of 
criteria). They are represented as Equation 5. 

                          (5) 

Equation 6 is used for calculating values of the elements 
in the column vector . 

                                                 (6)     

All column vectors  are joined in order to form C 
matrix as shown in (7). 

                     (7)          

Percentage importance distribution of each criterion is 
obtained by using C matrix. Therefore, arithmetic average 
of row components, which is comprised C matrix, is taken 
and then column vector W that is called priority vector is 
calculated. Using C matrix, percentage importance 
distribution of criteria is calculated and W is illustrated in 

Formula 8. 

                               (8) 

Table 5 shows the elements of the priority vector 
obtained from the comparison matrix constructed by 
averaging the pairwise comparison values of the 3 decision 
makers. 

Table 5: Weights of each criteria calculated by AHP  

Category Priority Rank 

C1 Class 50.0% 1 

C2 Relationship 19.3% 2 

C3 Attribute 10.8% 3 

C4 Method 10.8% 3 

C5 Relationship type 5.8% 5 

C6 Many to many association 3.3% 6 

 
The F-measure value obtained for each criterion in the 

AutoClass study [5] (in Table 2) is multiplied by the 
criteria weights determined according to the AHP result as 
in Equation 9, and a new accuracy ratio is obtained. The F-
measure value of a criterion that is weighted by AHP but 
not evaluated in Auto Class is set to 0. As a result, new 
accuracy rate is determined as 86%. Remark that the 
accuracy rate is determined as 93% in AutoClass [5] by 
calculating precision, recall and F-measure. 

    (9) 

V. CONCLUSION 

Transformation of requirements into source code is a 
vital step in software development. Although it is mostly 
done manually, there are available approaches to automate 
this step of SDLC. Performance evaluation and validation 
process in the studies which automatically transform 
requirement documents into source codes are evaluated by 
commonly used measure methods such that recall, 
precision and F-measure. The evaluation criteria are 
considered to be equal in these methods. However, the 
priority of these criteria varies depending on views of 
users. Thus, we proposed a novel approach in which 
accuracy rate calculated by using weights of criteria. The 
weights of criteria are obtained by using opinion of the 
three experts, and then AHP method. Our novel approach 
evaluated on the particular study, which is presented by 
Bozyigit et al., AutoClass [5]. It is observed that our novel 
approach gives more realistic results in the evaluation of 
studies generating OO-based source codes from 
requirements. This is because; we base our approach on 
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expert opinions while other studies do not include them. 
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Abstract - The purpose of the study is to implement a virtual 
reality (VR) enhanced continuous performance test (CPT) 
specifically designed as an aid to attention deficit hyperactivity 
disorder (ADHD) diagnosis with the newest enabling 
technologies. To realize such an objective, firstly, the VR 
technology enabled ADHD diagnosis methodologies are 
investigated and required metrics are analyzed. Then, a new 
model is constructed in order to measure the required metrics and 
an assessment methodology is adopted to evaluate such metrics to 
cooperate with the created VR application. As the contribution, a 
new measurement model and procedure are presented and the 
effectiveness of the system is going to be examined in future 
studies.  
 

Keywords - virtual reality, continuous performance test, 
attention deficit hyperactivity disorder diagnosis 

I. INTRODUCTION 

HIS study is intended to research and develop an 
application using virtual reality (VR) technology to 

provide aid and solution to people who lack attention for 
various reasons or who want to make their attention more 
intensive and specially to school-age children affected by 
modern technology. Attention is the power to concentrate 
thoughts on something. As can be seen in detail in literature, 
attention deficit is usually correlated with hyperactive disorder 
by scientists and referred to as attention deficit hyperactivity 
disorder (ADHD). Studies up to 15 years show that there is no 
evidence for attention deficit that practical drug treatment 
improves the long-term prognosis [1, 2].  

According to these results, similar studies on this area are 
necessary for treating attention deficit. It is seen that there are 
lots of studies in various countries about ADHD. To the best 

 however, there is no work in this 
context in Turkey. In this work, VR applications are 
investigated and put in practice to help in identifying problems 
of attention deficit using the Unity VR infrastructure. The 
developed applications are intended to be accessible by 
everyone. Therefore, the applications are developed for 
smartphones which are ubiquitous in everyday use.  

 
The rest of the paper is organized as follows. In Section II, 

related works are given. Section III introduces the proposed 
methodology. Section IV investigates the results of the 
methods used in this study. Finally, conclusions and future 
works are summarized in Section V. 

II. RELATED WORKS 

In literature, since attention deficit is usually correlated with 
hyperactivity disorder, they are investigated together. 
Attention can be divided into 5 basic parts to describe the lack 
of attention. These are focus, constant, selective, alternative, 
and dividing attention. Focus attention: reacting to certain 
stimuli, constant attention: permanent condensation in the 
work done, selective attention: not distracting by other factors 
while engaging in a topic, alternative attention: changing the 
focus to a different subject, and dividing attention: focus on 
more than one subject [3].  

Children diagnosed with ADHD usually have problems in 
the public sphere. They are easily bored and behave without 
thinking. This is the most common childhood time behavior 
disorder. The disorder directly affects relationships 
with their teachers, families, friends, and siblings. Also, it 
causes difficulties in their learning life [4, 5]. The number of 
people with ADHD who are diagnosed with attention deficit is 
increasing. Besides, the number of people with ADHD is 3-7% 
without a complete measurement [6]. 

Many treatment techniques have been proposed and 
implemented for the treatment of ADHD in the past years. The 
tests done on paper used in the treatment cannot be employed 
on every patient. Attention deficit patients cannot pay enough 
attention on the long-term tests. Especially in children, these 
tests are not brittle and interesting, reducing the success rate of 
the test. 

Drug treatment with adverse effects may affect 
future mental and physical development. Psychoactive drug 
treatment is a treatment that is avoided by parents at first 
because there is no proven effect on long-term ADHD 
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symptoms. This is only recommended for severely sick 
children. In other cases, improvements are made using 
technology [7]. 

In literature, VR technologies have been demonstrated in 
various studies which they have shown promise for these 
patients [8]. It has been found that the patients using VR 
technologies provide longer duration of concentration by 
removing image boundaries compared to other methods (paper 
test, drug, rehabilitation, etc.) [3, 9]. This is not only beneficial 
for children with attention deficit, but also for those who are 
physically handicapped. It has the potential to provide equal 
opportunity in education and avoid obstacles. In order to 
support curriculum training with VR, classes have been 
observed to be used in a variety of studies [10, 11].  

VR systems also help to reduce the symptoms of illness 
without having to be diagnosed with a medical diagnosis and 
constantly monitored by a child psychologist [11-15].  

III. PROPOSED METHODOLOGY 

A. Continuous Performance Test 

In order to improve the attention deficit, it has been pointed 
out that it is important to develop tasks such as working 
memory, auditory memory, and certain visual memory [16].  
These tasks should be encouraged to listen, followed by verbal 
instructions to scan the environment, words of hidden 
treasures, letters, faces and objects, so that attention and 
organizational skills will be increased to trigger audible 
processes. 

Continuous performance test (CPT) was first offered by [17] 
which demonstrated that brain damaged child and adults had 
difficulty in keeping attention and distinguishing if or if not a 
target letter in a randomized sequence of letters had followed a 
cue letter. 

The fundamental nature of the CPT remained the same, 
although tests may vary in length and type of stimulus. They 
were all indicated as repetitive, boring task, and attendee must 
keep focus over a certain time period. Tests may use numbers, 
symbols or even sounds.  

Test of variables of attention (TOVA) is a 
neuropsychological evaluation and it measures a person's 
attention while screening for ADHD [18]. The most common 
metrics used in the CPT to measure the attention of the patient 
are listed and described below [19]: 

Correct detection: this is a simple counter that counts the 
number of times the patient replied to the target stimulus. 
Better attention capacity is indicated with higher rates of 
correct detections.  

Reaction times: this is a measurement for the amount of time 
between the presentation of the stimulus and the patient's 
response. This measure is generally calculated with standard 
deviation to understand the variability. 

Omission errors: this is another counter that demonstrates 
the number of times the target was offered, but the patient did 
not respond/click the mouse. High omission rates show that the 

subject is either not paying attention to stimuli that the person 
may have distractibility or has a sluggish response. 

Commission errors: this is a score that states the number of 
times the patient responded, but no target was presented. 
Difficulties with impulsivity are indicated with a fast reaction 
time and high commission error rate. A slow reaction time 
with high commission and omission errors generally points to 
inattention. 

The other metrics not measured commonly are:  hit reaction 
time (HRT), HRT standard deviation, variance, perseverance 
(random or anticipatory response i.e. HRT<100ms), and block 
measure to understand sustained attention. 

B. Proposed Measuring Model and Application 

In order to measure the aforementioned metrics, an 
infrastructure establishment is needed. Therefore, proper 
object classes were designed and modelled which are utilized 
in the developed VR attention CPT games in Unity according 
to UML diagrams depicted in Figure 1. Furthermore, a new 
framework was developed for measuring timeline of the 
actions and reactions of the subject those are basically outputs 
with timestamp associated with each interaction and stimuli. 
 

 
 

Figure 1: UML diagram of the proposed system to measure the 
metrics. 

 
Since reviewed CPT tests are found as boring, our aim is to 

produce attention detection games that children may have fun 
while using. For this reason, entertainment situations of the 
games made within the scope of the project are taken into 
consideration. In this sense, the games have been gradually 
made more fun so that the correctness of the data can be 
checked. Within the scope of this process, four different games 
were developed.  All games were designed to engage children 
in a school environment. Thus, they can feel as if they are at 
school. In this context, a virtual classroom was created with 
audio and visual distractions like sound of a motorcycle and a 
flying paper plane. These distractions are used while expecting 
an attention from a subject. 

C. Experiment Setup 

Mobile phone attachable VR glasses were utilized in the 
study. To get the reaction of the user, a Bluetooth joystick and 
a cable mouse were attached to the mobile phone. Unity was 
chosen as the development environment.  
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IV. RESULTS AND DISCUSSION 

In this work, four different games are developed as shown in 
Figure 2. The developed attention measuring games are 
designed for school age children. It is planned that the games 
will be experimented on the two groups which are test and 
control. Test group will consist of children medically 
diagnosed with attention deficit and control group will 
compose of relatively normal reacting children. This phase of 
the study is not completed yet, however, the first impressions 
of adults for experiment are very encouraging. The results of 
the experiments on children will be presented in the following 
studies. 

 

V. CONCLUSION AND FUTURE WORKS 

In this study, experimental applications, namely, virtual 
classroom, auditorium hall, gym, and pool, designed for 
children suffering from ADHD are presented. The aim of the 
study is to ease the diagnoses process and if possible improve 
the attention of children. A new model and measurement 
procedure are presented. Suitable metrics are investigated and 
embedded in every developed game. The effectiveness of the 
system will be measured with the forthcoming experiments 
with aforementioned control and test groups. It is expected to 
obtain a meaningful and distinguishable correlation between 
test and control groups. 

 

  
(a) Virtual classroom 

 
(b) Virtual auditorium hall  

  
(c) Virtual gym 

 
(d) Virtual pool 

 
Figure 2: Plot locations of attendance game scenarios. 
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Abstract - Artificial Bee Colony (ABC) algorithm inspired by 

the foraging behaviors of real honey bees is one of the most 
important swarm intelligence based optimization algorithms. 
When considering the robust and phase divided structure of the 
ABC algorithm, it is clearly seen that ABC algorithm is 
intrinsically suitable for parallelization. In this paper, we 
proposed a new emigrant creation strategy for parallel ABC 
algorithm. The proposed model named order based emigrant 
creation strategy depends on sending best food source in a 
subcolony after modifying it with another food source chosen 
sequentially from the same subcolony at each migration time. 
Experimental studies on a set of numerical benchmark functions 
showed that parallel ABC algorithm powered by the newly 
proposed model significantly improved quality of the final 
solutions and convergence performance when compared with 
standard serial ABC algorithm and parallel ABC algorithm for 
which the best food sources in the subcolonies directly used as 
emigrants.  
 

Keywords - swarm intelligence, Artificial Bee Colony algorithm, 
parallelization, mobile platform. 

 

I. INTRODUCTION 

N recent years,  modeling complex biological behaviors of 
species living together has become a major technique for 

solving optimization problems and many nature-inspired 
algorithms have been proposed including Ant Colony 
Optimization (ACO), Particle Swarm Optimization (PSO) and 
Bacterial Foraging Optimization (BFO), Artificial Bee Colony 
(ABC) and so on [1]  [4]. Although all of these population 
based optimization algorithms successfully applied 
fundamental mechanisms that are leading to emerge swarm 
intelligence, ABC algorithm is in a special position due to its 
phase divided structure, easy implementation and also 
requiring less control parameters [1]  [4].  
 

By considering the advantages of ABC algorithm, 
researchers used it for solving different types of problems 
ranging from aligning three or more biological sequences [5], 

[6] and guessing their three-dimensional structures [7] to 
training deep neural networks [8], image segmentation [9] to 
designing filters [10].  Although original ABC algorithm 
produced sufficiently good results in most cases, some studies 
have been made to further increase the quality of the final 
solutions and change the convergence characteristics of the 
algorithm. Zhu and Kwong proposed the gbest-guided ABC 
algorithm in which the parameters of the best food source is 
used instead of the parameters of the randomly determined 
food source [11]. Coelho and Alotto changed the candidate 
generation equation of the ABC algorithm by utilizing the 
coefficients extracted from the Gaussian distribution [12]. 
Karaboga and Gorkemli changed the search characteristics of 
the onlooker bees and proposed a new ABC algorithm variant 
called quick-ABC algorithm [13]. Gao and Liu used mutation 
operation of Differential Evolution (DE) algorithm and 
proposed a new ABC algorithm [14]. Xiang et al. combined 
ABC algorithm and DE and solved numerical optimization 
problems successfully [15]. Wu et al. propose HHSABC 
algorithm that is based on the combination of Harmony Search 
(HS) and ABC algorithms [16]. Banitalebi et al. proposed an 
improved ABC algorithm by combining it with the Estimation 
of Distribution (ED) algorithm [17].   

 
Another important studies about the ABC algorithm were 

made on the parallelization of it for distributed and shared 
memory based architectures. Narasimhan parallelized ABC 
algorithm by dividing the whole bee colony into subcolonies 
and then assigning them to the different compute units [18]. In 
order to maintain population diversity, copies of each 
subcolony is also stored in the global memory [18]. 
Banharnsakun et at. parallelized ABC algorithm for distributed 
memory based architectures [19]. After completion of 
predetermined number of cycles, local best food sources of the 
two randomly determined subcolonies are exchanged [19]. 
Luo et al. introduced a new emigrant exchange schema called 
ripple-communication and applied it to the parallel ABC 
algorithm [20]. Experimental studies showed that ripple-
communication schema increased the accuracy of the ABC 
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algorithm [20]. Subotic et al. utilized multiple bee colonies in 
their parallel implementation of ABC algorithm [21], [22]. 
Each colony is in communication by shared local best food 
sources among them [21], [22]. The effect of the migration 
period, migration topology and number of subcolonies on the 
parallel implementation of the ABC algorithm was 
investigated detailly by Basturk and Akay [23]. They first 
tested parallel ABC algorithm for solving high-dimensional 
numeric optimization problems and thenu training neural 
networks for classification problems [23]. Karaboga and Aslan 
focused on the emigrant selection and creation approaches for 
the parallel ABC algorithm [24]. They first proposed a new 
emigrant creation approach in which the local best food source 
is modified before it is sent to the neighbor subcolony. 
Secondly, they used all local best food sources to generate a 
global emigrant and the sent it to all subcolonies [25]. 

 
Utilizing local best food sources as an emigrant is common 

part for most of the parallel implementations of the ABC 
algorithm. However, if the local best food sources can not be 
improved between two consecutive migration period, it is 
possible to see the same solution more than once in the same 
subcolony. If the subpopulation diversity that has already been 
decreased by dividing the whole colony is also deteriorated 
because of the same food sources coming from the neighbor 
subcolonies, parallelization of the ABC algorithm does not go 
beyond a study only aiming at acceleration with the power of 
the compute units. In order to overcome these mentioned 
issues, we proposed a new technique called order based 
emigrant creation strategy. In order based emigrant creation 
strategy, the local best food source found at the current 
migration time of a subcolony is powered with the more useful 
parameters of another food source. However, the selection of 
the auxiliary food source for the local best is managed in a 
sequential manner for decreasing the possibility of sending the 
same emigrant. The rest of the paper is organized as follows: 
In the second section, fundamental steps of the ABC algorithm 
is introduced. Order based emigrant creation strategy and its 
working schema are summarized in the third section. 
Experimental studies and conclusion are given in the fourth 
and fifth sections, respectively. 
 

 

II. ARTIFICIAL BEE COLONY ALGORITHM 

ABC algorithm proposed by Karaboga at 2005 is inspired 
by the intelligent foraging behaviors as real honey bees. In 
ABC algorithm the whole colony is divided into three groups 
by considering special foraging characteristics of the bees 
[26]. The first group of bees is composed of the employed 
bees. Employed bees are responsible for finding food sources 
and carry nectar extracted from the sources. When employed 
bees come back to the hive, they share information about the 
nectar quality of the sources, distance to the hive and so on, 
with the second group of bees. The second group of bees 

consists of onlooker bees. Onlooker bees wait on the hive and 
select a food source to exploit it after checking the information 
supplied by the employed bees. The food source selection of 
the onlooker bees is not a randomized procedure directly. 
Selection probability of a food source has a relationship with 
its quality and if the nectar quality of a food source is high, its 
preference by onlookers is also high when compared other 
sources [26]. After an onlooker bee selects a food source, she 
continues the source exploration and exploitation processes as 
done by the employed bees. The final group of bees in the 
ABC algorithm consists of scout bees. Scout bees like 
onlooker bees wait on the hive, but food source selection 
behavior of them is managed by an internal motivation that 
leads to send scouts to unvisited food sources randomly [26]. 
The bee phases determined by the employed, onlooker and 
scout bees and their cyclical relationships continue until the 
end of a predetermined number of iterations-cycles is 
completed are given in the Algorithm 1. 

A. Generating Initial Food Sources 

In ABC algorithm, each food source corresponds possible 
solutions of the optimization problem being solved and nectar 
amounts of the sources are related with the fitness values of 
them. ABC algorithm generates these food sources randomly 
before employed bees are assigned to them. The jth parameter 
of the ith food source or solution within SN different solutions 
is determined randomly between lower bound of the parameter 
showed by xj

min and upper bound of the parameter showed by 
xj

max using the Eq. 1 [26]. 
 

min max min
ij j j j           (1) 

 

In Eq. 1, D corresponds to the number of parameters being 
optimized and rand(0,1) is used to define a random number of 
varies between 0 and 1. 
 

Algorithm 1 Fundamental steps of the ABC algorithm 
1: Initialization: 
2:   Assign values to the control parameters. 
3:   Generate SN initial food sources with D parameters. 
4: Repeat 
5:   //Employed bee phase 
6:   for i do 
7:   Generate new solution around the memorized one. 
8:   Apply greedy selection between new and memorized sources. 
9:   end for 
10:  //Onlooker bee phase 
11:  sentBees currentSource   
12:  Find probability values of each food source. 
13:  while sentBees  SN do 
14:   if pcurrentSource >  rand(0, 1) then 
15:   sentBees   sentBees + 1: 
16:   Generate new solution around the selected one. 
17:   Apply greedy selection between new and memorized sources. 
18:   end if 
19:   currentSource = (currentSource + 1) mod SN: 
20:  end while 
21:  //Scout bee phase 
22:  Determine the abandoned food source. 
23:  Generate a new source for this abandoned food source. 
24: Until Termination criteria is met 
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B. Sending Employed and Onlooker Bees 

After generating initial population of SN different food 
sources, each food source is associated with only one 
employed bee by the ABC algorithm. The mathematical model 
used by the employed bees to generate a candidate food source 
around the memorized one is given in the Eq. (2) [26].  
 

                             ij ij ij ij kj                           (2) 

 
In the Eq. (2), vij is the parameter value of the candidate vi 

food source whose parameters are same with the parameters of 
the xi food source except the jth  parameter [26]. xij and xkj are 
the parameter values of the jth parameter of the xi and xk food 
sources, respectively and ij corresponds to a random number 
between -1 and 1 [26]. If the fit(vi) fitness value of the vi food 
source calculated as in the Eq. (3) for a minimization problem 
is bigger than the fit(xi) fitness value of the xi food source, the 
employed bee applies a greedy selection procedure between xi 
and vi food sources and trial counter for xi food source is set to 
zero. Otherwise, the trial counter for xi food source is 
incremented by one to show that it is not improved in the 
current cycle. 
 

i i

i

i i

      (3) 

 
When the employed bee phase is completed, the food 

sources memorized by the employed bees are introduced to 
onlooker bees. As mentioned before selection of a food source 
is not a randomized operation exactly and it is directed by the 
qualities of the food sources [26]. In ABC algorithm, to direct 
the source selection procedure of the onlooker bees, each food 
source is identified by a selection probability. Selection 
probability of the xi food source that increases with the 
appropriate fitness values of it is calculated as in the Eq. (4). 
When the selection procedure is completed, the onlooker bees 
associated with these sources become employed bees and 
generate candidate food sources by utilizing the Eq. (2) [26]. 
 

                               
( )

( )

( )

i
i SN

j
j

fit x
p x

fit x

                            (4) 

C. Abandoning Consumed Food Sources 

In ABC algorithm, it is easily seen that the exploitation 
characteristics of the employed and onlooker bee phases are 
more dominant than the exploration characteristics of them 
[26]. However, for a proper search process, exploration and 
exploitation operations should be balanced. This subtle 
balance between exploration and exploitation is maintained by 
the scout bee phase. In scout bee phase, a food source is 
abandoned if required and a scout bee for abandoned food 
source is sent from hive to find a food source that has been 
discovered yet. The decision about which food source will be 
abandoned is made by comparing trial counters of them with 

ABC algorithm specific control parameters called limit [26]. 
The food source for which its trial counter exceeds the limit 
parameters value at most is abandoned and a new food source 
created by the Eq. (2) is replaced with the consumed one. The 
value of the limit parameter for a numerical optimization 
problem is determined by the Eq. (5) given below [26]. 
 

                        a SN D aand                         (5) 

III. ORDER BASED EMIGRANT CREATION STRATEGY 

If the parallelization approach of the ABC algorithm 
depends on dividing the whole colony into subcolonies and 
then assigning them to the different compute nodes or 
processor cores, it is clearly seen that the best food source 
found at the current migration time are chosen for sending to 
the neighbor subcolony or subcolonies in the vast majority of 
the studies. Determining a food source as an emigrant is not a 
single decision that should be made when parallelization of a 
population algorithm to decrease the execution time without 
deteriorating the quality of the final solutions and convergence 
characteristics. After deciding which sources are chosen as 
emigrants, they should send to the neighbor subcolonies in 
order to maintain the diversity and increase the quality of the 
existing solutions. The neighborhood relationship between 
subcolonies is directly determined by applying one of the 
commonly used migration topologies given in the Fig. (1) 
below. 

 

 
 

Figure 1: Ring (a), Ring 1+1 (b), Tourus (c) and Lattice (d) 
topologies 
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Although all of these topologies have some advantages, 

their implementations require certain number of compute 
nodes or processor cores and migration period or interval 
should be carefully chosen to decrease the total execution time 
on the acceptable rates. When the neighborhood topology is 
chosen by considering system resources and the appropriate 
subcolony size is determined, the required population diversity 
is maintained by most of the topologies at the limited rates. By 
considering these situations, it can be said that type of 
information being exchanged between subcolonies becomes 
more important in parallelized implementations. 

 
Choosing the best food source in a subcolony and then 

sending them to the neighbor subcolony and then replacing it 
with the worst food source in the neighbor subcolony might be 
observed the most appropriate emigrant selection-creation 
strategy. However, mentioned emigrant strategy has some 
possible disadvantages. One of the main drawbacks stemmed 
from utilizing the best food sources as emigrants is related 
with the solution diversity. If the best food source used as an 
emigrant for the previous migration time cannot be improved 
until the next migration time, the same solution is sent more 
than once to the neighbor subcolony. Another drawback about 
the distribution of the best food sources is that whether the 
food sources are enough to reflect the properties of the other 
solutions. The best food source determined as emigrant does 
not always guarantee that all of its parameters can be useful for 
generating candidate solutions. 

 
In the proposed model, each food source is utilized in the 

emigrant creation procedure sequentially by considering their 
orders or indexes. Sending food sources sequentially can be 
thought appropriate because of the ability of distributing 
diverse information. However, if the emigrant selection-
creation procedure is managed without considering fitness 
values of the emigrants or the subcolony where emigrants are 
sent contains food sources whose fitness values are better than 
the emigrants, the computational and communication burden 
are not worth sending and receiving emigrants. In other words, 
it can be said that the food source determined to be sent to the 
neighbor subcolony should be enough in terms of quality and 
increase the population diversity. By considering all of these 
limitations originated from the conventional emigrant creation-
selection schemas, we proposed a new emigrant creation-
selection strategy in which the best food source found at the 
current migration period is modified with the more suitable 
parameters of a food source that is changed sequentially in the 
same population for each migration period. The pseudo code 
given in the Algorithm 2 summarized the newly proposed 
strategy called order based emigrant creation. 

 
 
 
 
 

 

Algorithm 2 Order based emigrant creation strategy 

1: sizeOfSubcolony  
2: migPeriod  
3: b  
4: ord (migPeriod)mod(sizeOfSubColony) 
5: if b == ord then 
6:    
7: end if 
8: xb b. 
9: xord ord. 

10: for  do 
11:  b,j 

12:  xb,j = xord,j  
13:  fitemigrant b). 
14:  if fitemigrant < fit(xb) then 
15:   xb,j  

16:  else 
17:  fit(xb emigrant 

18:  end if 
19: end for 

 

When the pseudo code given in the Algorithm 2 is 
investigated, it is clearly seen that the jth parameter of the best 
food source xb is updated by the corresponding parameter of 
the xord food source. xord food source is determined by applying 
modulo operation between currentMigIndex and 
sizeOfSubcolony that increment ord index one by one for each 
migration period. Although xb food source is not improved 
between two subsequent migration time, p and p+1, order 
based emigrant strategy guarantees that it is sent to the 
neighbor subcolony after modification with xord and x(ord+1) 
food sources, respectively. 

IV. EXPERIMENTAL STUDIES 

Standard serial implementation of the ABC algorithm, s-
ABC, its parallel implementation, p-ABC in which the best 
food source in a subcolony is chosen as an emigrant and it is 
changed with the worst food source in the neighbor subcolony 
and finally the parallel implementation with order based 
emigrant creation strategy, ord-p-ABC in which the best food 
source prepared by the mentioned strategy for migration is 
chosen as an emigrant and it is changed with the worst food 
source in the neighbor subcolony are tested using three 
different numerical benchmark functions given in the Table I 
below. The first function, f1 is the Sphere function. This 
function has a single global minimum located at the 
point in the search space and lower and upper bounds of the 
parameters are set to -100 and 100, respectively. The second 
function, f2 is Griewank function and has many local 
minimums that are regularly distributed on the search space. 
The global minimum of the Griewank function is located at the 

point and the values that can be assigned to the 
parameters are limited between -600 and 600. The last 
function,  f3 , is Rosenbrock function. Because of the difficulty 
for finding global optimum that is located at the end of a long 
and narrow valley, this function is frequently used to check the 
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convergence performance of the optimization algorithms. The 
global minimum of the Rosenbrock function is located at the 

point in the search space and lower and upper 
bounds of the parameters are set to -100 and 100, respectively. 

 
TABLE I: Benchmark functions used in comparison 

 

Function Formulation 

f1 
2

1
1

D

i
i

 

f2 

2
2

1 1

1
( ) , 1

4000

DD
i

i
i i

x
f x x cos

i
 

f3 

1
2 22

3 1
1

D

i i i
i

 

 
When solving the optimization problems with s-ABC, p-

ABC and ord-p-ABC algorithms, number of food sources was 
taken equal to 100 and number of parameters was set to 500. 
The maximum cycle number was set to $2000$ and limit 
parameter value was taken equal to the number of parameters. 
For p-ABC and ord-p-ABC algorithms, ring neighborhood 
topology was used and the whole colony was divided into four 
equal subcolonies and finally migration frequency was taken 
one percent of the maximum cycle number. All the 
experiments were performed on an Android  5.1.1 operating 
system working on a mobile platform that is equipped with an 

 based processor running 1.3 GHz with 1GB of RAM. 
s-ABC, p-ABC and ord-p-ABC algorithms were written in C 
programming language and parallelization and required 
synchronization between subcolonies were maintained by 
utilizing the built-in functions of the pthreads library. Each of 
the function was tested 20 different times with random seeds. 
Average best objective function values and standard deviations 
calculated over 20 different runs were recorded and given in 
the Tables II  IV. 

 
When the results given in the Tables II, III and IV are 

investigated, it is seen that ord-p-ABC algorithm produced 
better average best objective function values than s-ABC and 
p-ABC algorithms for all of f1, f2, f3 functions. While the 
results obtained by the p-ABC algorithm lagged slightly 
behind the results obtained by the s-ABC algorithm especially 
for the f1 and f3 functions, ord-p-ABC algorithm overcame the 
main issue to do with the decreased population diversity of the 
subcolonies that leads to deteriorate the performance of the p-
ABC algorithm and produced at least 105 times better results 
for the function f1, 104 times better results for the function f2 
and 106 times better results for the function f3 that the s-ABC 
and p-ABC algorithms. 

 
 
 
 

TABLE II: Comparison of s-ABC and p-ABC algorithms 

Func. 
s-ABC p-ABC 

Mean Std. Dev. Mean Std. Dev. 

f1 6.548575e+04 1.171718e+04 1.035821e+05 1.469255e+04 

f2 6.524802e+02 8.983277e+01 9.449440e+02 1.022350e+02 

f3 2.557243e+09 3.227430e+09 2.356143e+10 5.546746e+09 

 
TABLE III: Comparison of s-ABC and ord-p-ABC 

algorithms 

Func. 
s-ABC ord-p-ABC 

Mean Std. Dev. Mean Std. Dev. 

f1 6.548575e+04 1.171718e+04 4.640619e-01 5.420124e-01 

f2 6.524802e+02 8.983277e+01 9.077554e-02 6.457029e-02 

f3 2.557243e+09 3.227430e+09 3.291103e+03 3.390808e+03 

 
TABLE IV: Comparison of p-ABC and ord-p-ABC 

algorithms 

Func. 
p-ABC ord-p-ABC 

Mean Std. Dev. Mean Std. Dev. 

f1 1.035821e+05 1.469255e+04 4.640619e-01 5.420124e-01 

f2 9.449440e+02 1.022350e+02 9.077554e-02 6.457029e-02 

f3 2.356143e+10 5.546746e+09 3.291103e+03 3.390808e+03 

 
Another comparison between serial and parallel 

implementations of the ABC algorithms was made by 
considering average execution times obtained from the 20 
different runs in terms of second, speedup and efficiency 
values. The speedup is a ratio between serial and parallel 
execution times of the algorithms and it's maximum value can 
be equal to number of computing nodes or cores. Efficiency is 
another measure that can be found by divining speedup 
measure to the number of computing nodes or cores. The 
maximum value of the efficiency measure can be equal to 1. 
When the results given in the Table V and VI are analyzed, it 
is understood that order based emigrant creation strategy 
brings extra burden to the total execution time of the algorithm 
compared with the p-ABC algorithm. Because of the execution 
time needed to employ order based emigrant creation strategy, 
the average execution time of the ord-p-ABC algorithm is 
9.194% higher than the average running time of the p-ABC 
algorithm for function f1, 9.743% higher than the average 
running time of the p-ABC algorithm for function f2 and finally 
34.242% higher than the average running time of the p-ABC 
algorithm for function f3. There is another point should be 
noted that when the computational complexities of the 
benchmark problems increase, the difference between 
execution times between p-ABC and ord-p-ABC algorithms 
decrease. The relationship between complexity of the functions 
and execution time of the parallel ABC algorithm showed that 
compute intensive problems are more suitable for order based 
emigrant creation strategy. 
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TABLE V: Speedup and efficiency values of p-ABC 
Func. s-ABC (exec. 

time) 
p-ABC 

(exec. time) 
Speedup Efficiency 

f1 2.995314 1.774507 1.687969 0.421992 

f2 33.764449 10.905223 3.096172 0.774043 

f3 6.527048 2.033796 3.209293 0.802323 

 
TABLE VI: Speedup and efficiency values of ord-p-ABC 

Func. s-ABC (exec. 
time) 

ord-p-ABC 
(exec. time) 

Speedup Efficiency 

f1 2.995314 1.937657 1.545844 0.386461 

f2 33.764449 11.967766 2.821283 0.705321 

f3 6.527048 2.730220 2.390668 0.597667 

 

 
Figure 2: Convergence graphics of the ABC algorithms for 

f1 (a), f2 (b) and f3 (c) functions 

In order to analyze the effect of order based emigrant 
creation strategy on the convergence performance of the 
parallelized ABC algorithm, the graphics given in the Fig. (2) 
should be examined. As seen from the graphics, it is clear that 
the convergence performance of the ord-p-ABC algorithm is 
remarkably better than those of s-ABC and p-ABC algorithms. 
While p-ABC algorithm converges a bit faster that the s-ABC 
algorithm within the first quarter of the total number of cycles, 
s-ABC algorithm provides a sustainable convergence to the 
global optimum within the remaining cycles for the f1, f2 and f3 
functions. With the start of the distribution of the emigrant 
food sources, ord-p-ABC algorithm quickly diverges from the 
convergence curves of the s-ABC and p-ABC algorithms and 
maintains its superior performance until the end of the cycles. 

V. CONCLUSION 

In this study, we proposed a new emigrant creation strategy 
in which the best food source found in the current migration 
period is modified by the more appropriate parameters of 
another food source determined sequentially. Newly proposed 
approach that is also called order based emigration creation 
strategy is used with the parallel implementation of the ABC 
algorithm. Experimental studies showed that order based 
emigrant creation strategy is significantly improved the quality 
of the finals solutions and convergence performance of the 
parallel ABC algorithm compared with the conventional serial 
and parallel implementation of the algorithm. 
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Abstract - The goal of this paper is to analyze the 

startup companies which used lean principles in order 
to grow. Building a startup is a complex task with full 
of uncertainties. Therefore, when startups implement 
lean principles into practice, they also reduce their 
risks and increase their chances of survival. Although 
risk management for businesses is a topic that has 
been covered widely in literature, risk management 
for startup companies is a pretty recent topic which 
needs to be examined further. This article first 
highlights the growing interest to the topic of risk 
management in startups. Then, it explains lean 
principles and finally, examines the case studies of 
three startup companies; Dropbox, Zappos and 
Groupon to show how applying lean principles helped 
them become successful. The paper ends with 
conclusions of the work along with recommendations 
for future research topics.    
 

Keywords  Risk Management, Lean Principles, 
Startups, Innovation, Entrepreneurship 
 

I. INTRODUCTION 

Innovation is a risky business and over 98% of 
new product ideas fail [1].  Nonetheless, risk 
processes do not require a strategy of risk 
avoidance but an early identification and 
management [2]. Therefore, integrating risk 
management principles can help innovation projects 
become successful. Foremost among these 
innovators and risk takers are startups. New startup 
companies are founded every day. 
technology such as cloud systems, web 
development platforms, open source software and 
mobile technologies makes it easy to implement an 
internet or mobile technology project [3]. 
Nowadays anyone who wants to start a digital 
business can carry out this with the tools they use 
for free or for a small fee. However, not all of these 
businesses succeed because building a startup is 
very risky which is full of uncertainties. In fact, 
startups failure rate is 90% [4].   

One of the most common reasons why startups 
fail is that they run out of money while trying to 
build their products [5]. Startups have limited 
resources in terms of people and tight deadlines [3]. 
In addition, cofounders often make the mistake of 

falling in love with their own ideas and neglect the 
customers completely. They build the product they 
believe is the right solution for the market but after 
launch, they realize that they actually built the 
wrong product and customers want something else. 
Unfortunately, understanding what the right product 
should be takes time and meanwhile, because these 
startups have wasted all of their time and money 
building the wrong product, many of them fail [5].  

Risk management in innovation projects of 
corporations is a topic that has been covered before 
in different studies. Studies recommend stage gate 
approach, which is also called the waterfall 
approach, for new innovations [6]. This approach 
divides the project into many different stages 
allowing the project owners to make the decision of 
abandoning the project or moving on the next stage 
[6]. However, the traditional waterfall model for 
developing a product is not suitable for many 
startups due to their time and budget restraints. 
Thus, startups should apply agile processes to 
develop their products and lean principles for 
managing their risks. Nonetheless, literature lacks 
information about risk management in startups. 
This study aims to fill this gap by providing an 
overview of lean principles and how startups which 
use these principles can reduce their risks of failure 
and become successful.   

In the following sections of this paper, in order to 
draw attention to the importance of risk 
management in startups and entrepreneurship, a 
search in Web of Science database is conducted for 

entrepreneurship s 
of this search show us the growing interest to the 
topic. Then, a theoretical review of lean principles 
is presented using recent studies in literature in 
addition to case studies of several startup 
companies including Dropbox, Zappos and 
Groupon which used lean principles for better risk 
management.  Finally, the conclusions of the study 
are presented.  
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II. RISK MANAGEMENT IN 

STARTUPS 

Risk management is a topic that has been 
covered a lot in the scientific community. However, 
it has been studied mainly in the context of 
enterprises. Entrepreneurship and startup topics 
were also examined by researchers but the 
combination of risk management and 
entrepreneurship has been neglected most of the 
time. In order to emphasize the growing interest to 
the topic of risk management in entrepreneurship, a 
search has been conducted in ISI Web of 

Knowledge database. This study has been inspired 
from a previous study of Trimi and Mirabent [7]. 

risk management
ast 

10 years, from 2007 until 2017. The search results 
returned 63 papers. Figure 1 below shows how 
these papers are distributed over time. From this 
figure, it can be understood that the research 
interest in this topic has been growing especially 
since 2013. When the research has been further 

returned 6 papers.  
 

 
Figure 1: Distribution of papers between the years 2007-2017 

 

A. A. Lean Principles   

Lean basically has seven principles. These are; 
optimize the whole, eliminate waste, build quality 
in, learn constantly, deliver fast, engage everyone 
and keep getting better [8]. These principles 
originate from lean manufacturing. Unlike Henry 

launched a new system to produce automobiles 
with almost half the number of labor hours and 
much faster inventory turns compared to its US 
competitors [8]. This system enabled Toyota to do 

 (JIT) final assembly and shipment to 
dealers eliminating most of the excess inventories 
[8]. Later on, researchers in MIT popularized the 
terms JIT and lean and actually, started to associate 
lean with agile software development process. 
Nowadays, lean stands for a less bureaucratic, more 
iterative and flexible software development model. 

 
book, it is now the must-used method of building a 

startup [9].   
In order to increase their chances of getting 

successful, startups should implement lean 
principles into practice. Unlike the traditional 
waterfall method, lean principles minimize waste in 
terms of time and money. It simply creates more 
value for customers with fewer resources [10]. 
Most importantly, it requires constant engagement 
with customers and a continuous learning 
environment [8]. As a result of this, startups only 
build the minimum viable product (MVP) for their 
launches.  MVP is a version of a new product 
which allows a team to collect the maximum 
amount of validated learning about customers with 
the least effort [9]. After building the MVP, startups 

instead, continue testing the product with new 
hypotheses and keep refining it again. From Figure 
2, it can be seen that lean product development is a 
continuous loop.  
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Figure 2: Lean product development cycle [11] 

 
This continuous product development life cycle 

is also called Build-Measure-Learn. In this method, 
the build step refers to building a MVP. MVP 

 It can be a 
prototype or simply a landing page, a presentation, 
a video or anything that allows you to measure your 
target segment [12]. The measure step refers to 
getting traction and feedback from customers. In 
this step, you will understand if there is enough 
interest in your product to keep developing it or not. 
Finally, the learn step refers to what you learnt from 
this feedback and how you are going to transform 
this knowledge into the product development. 
There are two ways forward from this step on. You 
will decide whether to persevere or pivot, which is 
another main concept within the lean startup 
strategy [3].    

Pivoting means a change in the direction of 
where the company is going based on feedback 
from customers. Most successful startup companies 
often end up changing directions based on customer 
data and in fact, many of them shift into a 
completely new direction [3]. These shifts can be 
changes in customer targets such as aiming to 
market for different customer segments from the 
one intended at the beginning. It can be changing 
the product completely or changing only some of 
the features of the product. It can also be a change 
in the business model such as transforming the 
product to be subscription based rather than 
transaction based [5]. After pivoting, startups 
should test their new models with new hypotheses 
to figure out whether this change is actually what 
they need or they need something else. Startups 
often fear that pivoting means failure but pivoting is 
not a sign of failure in the concept of lean strategy. 

 
As it is understood from above, in the lean 

context the focus is always on delivering customer 
value while minimizing waste and learning 
constantly from feedbacks to keep altering the 
product. In this way, the risk of wasting a lot of 
money for building a product that no one wants is 
minimized. On the contrary, when the products are 
built according to the requirements of customers, 
startups can sell their products and maintain a 
successful business. In the next section, case studies 
of startups which implemented lean principles into 
their product developments will be discussed 
together with how implementing these principles 
helped them reduce their risks will be explained.   

III. CASE STUDIES 

In this section, the case studies of startup 
companies which successfully implemented lean 
principles into practice will be analyzed with 
examples. These companies are Dropbox, Zappos 
and Groupon.  

A. Dropbox Case Study 

Dropbox started with a simple landing page 
which explains what the product is. There was also 
a field in the landing page where interested users 
could leave their email addresses to get further 
information about the developments of the product. 
Figure 3 shows the first landing page of Dropbox. 
The company received 5,000 signups with this 
landing page [13]. However, the actual peak came 
when the company launched a 3 minute demo video 
in 2007 [14]. They published this video in a 
platform called Digg, a platform for early adopters 
of any new technology. The video drew people to 
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the Dropbox website and their signups grew from 
5,000 to 75,000 in just one night [14]. Dropbox 
used this video to measure the interest in their 
products 
and energy to build a product that no one wants. 

n actual product to 
release. They only had a video which looked like a 
demo of the product. In this case, this video was 
their MVP.  

 
Figure 3: Dropbox landing page in 2006 [13] 

 
The company decided whether to continue with 

the product development, to quit developing the 
product completely or to pivot it. Due to the 
growing interest in their products, founders of 
Dropbox decided to continue the development 
process. Dropbox reached to 1 million users in 7 
months and in 15 months, in January 2010, it 
reached to 4 million registered users [13]. Dropbox 
reached these 4 million users with the help of its 
75,000 early adopters because these adopters 
referred Dropbox to their friends. After 
understanding that referrals are driving most of the 
business, founders did some pivots along the way 
especially in online marketing strategies in order to 
cut their customer acquisition costs and gave 
importance to referrals. Now, the company is 
valued at $10 billion and has over 500 million 
users, saving a cumulative 1.2 billion files daily 
[14].  

B. Zappos Case Study 

Zappos used the Build-Measure-Learn method to 
test its hypothesis. When Zappos started out in 

buy shoes online [15]. However, building an 
ecommerce website with inventory management 
and a distribution center would cost the founders 

thousands of dollars and th ake 
this risk just to test this hypothesis of whether 
people would buy shoes online. Instead, they used a 
much simpler approach. They talked with the local 
shoe stores, took the pictures of their products and 
posted these pictures online to a much simpler 
website. This website was their MVP. If people 
bought shoes from the website, they would go to 
the store, buy the product from the full price and 
then, ship it themselves. From Figure 4
MVP life cycle solution can be seen. First, they 
built a simple website, then; they run an online 
campaign to drive traffic to the website. Later on, 
they measured whether there are enough sales and 
finally proved their hypothese Through this 
process, the hypothesis was validated and the full 
site was built  which was then sold to Amazon for 
a billion dollars [16].  

 

 
Figure 4: Zappos MVP solution [17] 

C. Groupon Case Study  

One of the most famous pivots of the tech history 
belongs to Groupon. Groupon was actually a 

launched in 2007 [18]. 
The Point was a fundraising website for social good 
projects running on a tipping point system. It was 
similar to the crowdfunding logic used today which 
only allows campaigns to receive the donations 
only if the project reaches enough backers. Then, 

apply this concept to commerce and launched 
Groupon in 2008 as a side project [19]. The idea 
behind Groupon was based on getting discount for 
group buying. For example; if 20 people want to 
buy the same shirt, then, they should get a discount 
for it. This concept was already available for buying 
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concert or theater tickets so why not apply it to 
shopping. Groupon started giving discounts on 
local activities and services, all of which would 
only be unlocked if enough users signed 
up. Eventually, Groupon outweighed The Point and 

 
spread so quickly around the world that every 
country founded its own Groupon and the company 
acquired some of its clones around the world 
becoming the daily deal tycoon we know today.   

IV. CONCLUSIONS 

This paper uses case studies of Dropbox, Zappos 
and Groupon which applied the lean principles into 
their processes for better risk management. Based 
on these case studies, it can be clearly understood 
that when startups implement lean principles, their 
success rate increases dramatically. This is due to 
the fact that lean startups give importance to the 
customers rather than the product. They avoid 
waste in terms of time and money by getting 
customer feedback in every major milestone of the 
product development. Therefore, when the product 
is launched, customers finally have a solution that 
matches to their problems. As a result, startups can 
sell their products and become successful.   

Different strategies of lean principles were 
explained in this study through examples. In 
Dropbox example, the importance of MVP is 
emphasized. In Zappos case, Build-Measure-Learn 
method is explained. Finally, in Groupon method, 
the importance of pivoting is described. As a result, 
all three of them reduced their risks significantly 
and became the successful companies we know 
today. In this study, startups located in the US and 
which are very well known by everyone have been 
examined. There are many other startups in 
different parts of the world that implement lean 
principles in order to reduce their risks. Future 
researches can include different startups from 
different countries. Also, another future research 
topic worth exploring can be the challenges startups 
face while implementing lean principles.  
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Abstract - Health Information Technology (HIT) is refers to 
the use of electronic methods in order to manage information 
system about the health status for individuals. People with 
Down syndrome classify as intellectual disability, and they 
needs to support in all scopes especially in their health status. 
The aim of this article is to determine the most health problems 
and other problems related to healthcare that face people with 
Down syndrome by review some literatures. These problems 
can be a first step to develop a new system for them to provide 
a proactive health service, in addition to manage, monitor, and 
track their health status. Finally, the proposed step for this 
system will listed, but the components of it will be the subject of 
the next study.  

 
Keywords  Down syndrome, Healthcare, Health Information 

System, Information System, Information Technology, system 
Development. 

 

I. INTRODUCTION 

ohn Langdon Down is the first physician described Down 
syndrome (DS) as a kind of disability in 1866. He 

describe it as a genetic condition (not a human disease) 
shows in 1 of 700 babies in the world [1]. This condition 
appear if human cells contain an extra copy of chromosome 
21 (Three copies of chromosome 21). This chromosome 
leads to an imbalance in the body's physiological functions. 
In addition, limit the ability of some functions to work 
normally, and emergence the health problems [2]. DS 
classified in three types of genetic variation [3]: 
1) Trisomy 21 is the most common type and effect on 94% 

of cases. It found when all human cells contains three 
copies of chromosome 21. This type of DS leads to a 
defect in the external face shape, as well as dysfunction 
in the vital functions. 

2) Translocation is rare condition and effect on 4% of 
cases. It found when all human cells contains two copies 
of chromosome 21 but one of them attached with 
another chromosome. This type of DS leads to appear a 
health problem that related with DS. 

3) Mosaicism is less common type and effect on 2% of 
cases. It found when some human cells contains three 
copies of chromosome 21. Babies with this type are 
look like normal, but they have little bit health problems 
that related with DS. 

Information technology contribute today's to success the 
business global environment through invest it in all life 
scopes. Health information system is one of invest 
information system and technology in healthcare by using a 

set of components and activities to manage and enhance 
provide health services to citizen by collect, store, retrieve, 
and transfer information electronically. Also, Health 
information technology refer to activities with technologies 
that working in health sector to manage and support this 
sector electronically. Therefore, design any system or 
application needs to cover problems that face customers, to 
identify their need of this system or technologies [4, 5]. This 
is what authors will focus on in the next section. Follow that, 
evaluate these problems and the methodology of this work 
and the planning of future studies. 

II. HEALTH STATUS OF PEOPLE WITH DOWN SYNDROME 

In this section, some articles about the most health 
problems for people with DS will surveyed. 

In the beginning we want to say, that the non-compliance 
with the guidelines of medical academies contributes to lack 
the controlling of disease especially when we talking about 
people with DS. Williams made a survey about 124 children 
with DS, and he discovered that they do not receive 
recommend health care services according of 2001 
American Academy of Pediatrics. He said that they lack 
adherence recommendations tested of some diseases like: 
blood test was 55%, thyroid function test was 61%, 
audiology test was 33%, ophthalmology test 43%, and 
otolaryngologist lower of others [6]. 

A. Cognitive Deficit 

Cognitive deficit describe individual's weakness in mental 
processes to dealing with information in the society. 
Intelligence Quotient (IQ) is standardized intelligence test 
used to measure the cognitive deficit, and if it is less than 70 
it means this person fall in low range. IQ test for person with 
DS can be in the best case is between 50 -70, or can be less 
than 50. This scope can limit a person's ability in their 
attention, decision-making, ability to speaking and 
memorizing [7, 8]. 

B. Hearing Loss  

The good hearing contribute to develop speech and 
language as well as socialization. However, for people with 
DS it is a big problem because it occur in more than 75% of 
them [8-10]. in the Sie Center for DS at Children's Hospital 
Colorado a retrospective study for 308 child's proved that 
the permanent hearing loss was occur in 24.9% of them, and 
between 22%-30% of them had a transient hearing loss. In 
the German Special Olympics Summer Games 2004 and 
Japan Special Olympics Winter Game 2005 a Special 
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Olympics Healthy Hearing Program used to detect the 
hearing problems for Athletes, and the results shows there 
around 40% of them failed to pass this test. Ultimately must 
to note that the early diagnosis and follow up, in addition to 
use Hearing aids can helps people who had this condition 
especially for young. For this reasons the physicians 
recommends to make an auditory testing every two years for 
them. [8-14]. 

C. Obstructive Sleep Apnea 

Obstructive sleep apnea is one of the most health problem 
faced people with DS, it occur in up of 50% of them, the 
certain characteristic physical features and structural 
abnormalities contribute to develop this problem such as 
large tongue and maxillary hypoplasia, in addition other 
features such as obese. This health condition can cause other 
health problems such as cardiovascular disease. A 
Polysomnography or sleep study are usually used to 
diagnoses this condition during sleep to collect the data 
related sleep such as monitoring the Oxygen levels and sleep 
behaviors, and the physicians recommend to make this test 
every two years for people with DS [9, 15-18]. 

D. Heart Defect 

The previous studies refer the percentage of heart defect 
of people with DS over up 50% of them. For this reasons the 
American Academy of Pediatrics (AAP) recommends an 

infants with DS and evaluation from a pediatric cardiologist 
[8]. 

Pediatric with DS in Saudi Arabia also have a high 
percentage of congenital heart defect according a 
retrospective study of patient from August 2001 to October 
2014. This study shows the percentage of this condition is 
about 69.5% of the participants (230 patients). The most 
common type is Atrial Septal Defect (33.5%) follow that 
Ventricular Septal Defect (26.5%), atrioventricular septal 
defect (21.7%), Patent Ductus Arteriosus (21.7%), and 
11.7% have other types of heart defect [19]. 

Mitral valve prolapse also one of the most common heart 
defect of DS that need to monitoring constantly over the 
time by make some medical tests, it occur about 57% of 
patients with DS [9]. 

There is association between congenital heart defects and 
other health problems, for this reasons some physicians can 
recommend to make an overall testing if a patient have heart 
defect. for example in southern Brazil, a 89 of 127 (70.1%) 
patients between 6 and 48 months had some type of 
congenital heart disease, 37.7% of them need urgent surgery, 
and 70% of them had associated with congenital heart 
disease [20]. In addition, monitoring patients especially who 
have a sleep apnea or snoring is necessary to control the 
patient's health status [21]. 

-research about the 
heart diseases of DS in Turkey, and they found 
approximately 72% of them have a different heart diseases 
concluded a congenital heart disease [22]. 

Finally, we must say that people with DS have a large 
health problems and conditions more than normal people. 
Some of these problems needs an immediate care, others 

need to a continue care and follow-up. Guralnick shows that 
the earlier intervention for people with DS will be improve 
their life [23, 24]. 

E. Gastrointestinal diseases 

The earlier diagnosis help the specialists to identify the 
health problems. Some of this diseases caused death. 
Gastrointestinal diseases like High prevalence of GERD and 
swallowing disorders is one of common DS diseases. It 
occur about 12% of patients with DS. Massimo and Staiano 
shows the motility disorders was complicate the phenotype 
of primary diseases for this kind of patients. Therefore, the 
need to follow-up and monitor these diseases is urgent need 
to diagnoses and rescue of patients from a dangerous 
diseases [9, 25, 26]. 

F. Hypothyroidism 

Hypothyroidism occur about 10-40%, the physicians 
recommend to make test for thyroid-stimulating hormone 
levels annually especially if the patients have some kind of 
heart defect. Maire and her partner make a pilot and 
exploratory study about the relationship between heart 
diseases and other diseases like Dementia Test Battery 
(DTB) for Alzheimer and hypothyroidism. This sample 
applied for 29 patients, the analysis of these information 
shows a high related with between heart disease and low 
score of DTB in people who have a treated hypothyroidism 
[9, 27, 28]. 

G. Other problems related with healthcare 

In addition medical problems. People with DS face 
another problem that related to their health status. 

Insurance is one of the important required of humane 
especially for people with disability [29]. For example, a 
survey reports in the United States from 2002 to 2003 shows 
that 60% of adults 19-29 with disability don't have an 
insurance, this prove they have lack of health care while they 
are most in need of this service [30]. 

Smith shows that the family physician's approach is a 
based to provide the good medical care for all people 
especially who have a DS [9]. 

At present, the diagnosis of DS could happen before child 
is born. For example, in United State there are 87% of 
parents know their child is DS after born, this leads parents 
afraid for the future of their child. In Spain, a survey of 467 
mothers of children with DS said they do not have an 
optimal health services before born of DS, and they 
recommend providing a professional physicians to deal with 
them. In addition, get an optimal support from the 
government and society [31]. 

Moreover, the cost of medical services, Boulet et al. said 
that the child with DS still face a challenges of increase the 
cost of healthcare services. He presented a study about the 
2004 Medstat MarketScan database to estimate the 
healthcare services for children. and he concluded that the 
child with DS have a 12 to 13 times higher cost than others 
without DS if they have a cardiac conditions, and about 7 
times higher if they don't have a cardiac conditions [32] 

Dr. Stein explained that the behavior of adults with DS 
can change according of several factors, these factors base 
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on the social life like loss of their older brothers and friends, 
death of lover, out of the home, transfer into work situation, 
etc. [33]. 

The responsibility to provide medical services rest to all 
medical service providers (public and private), especially 
those who have a special case such as DS. Therefore, 
Marshall et al. said DS and their parents need support in five 
scopes: during birth, accessing to medical services, manage 
medical services, supporting in all their life scopes. So, they 
made interviews for a random sample that consist of 50 
persons (5 therapists, 7 nurses, 25 coordinators, 10 parents 
English-speakers, and 3 parents Spanish-speakers) to 
understand the experience of all of them to dealing with DS. 
This team identified some challenges related to access the 
information about DS to increase their knowledge and 
experience about dealing with them. The authors concluded 
that the problems related to unavailable special-clinic to 
treat, monitor, and track people with DS. So, the healthcare 
system until now don't able to provide services for DS and 
their families, at the time they need a high quality supports 
in all life scope [34]. 

III. EVALUATE PROBLEMS OF DOWN SYNDROME 

As we shown in previous section, people with DS face big 
challenges to life independently in the society. In this 
section, we try to determine these problems. 
1) People with DS do not able to describe their medical 

case, because DS is a type of intelligent disability, and 
they often needs someone to supervise them. 

2) People with DS need a special medical care, because 
they have big medical problems. In addition, there are a 
relationship between some diseases. 

3) People with DS lack early medical intervention. 
4) People with DS lack supporting in all scopes like full 

insurance. 
5) The communication between doctors and people with 

DS is still weak, because they do not have family 
doctors to solve their medical and social problems (do 
not apply family doctor approach). 

6) Some people with DS needs continuous periodic 
reviews. 

IV. METHODOLOGY 

Developing new system needs to gather information about 
the problems in general. 
Therefore, the author tried to cover these problems from the 
previous study. In addition, he will prepare a questionnaire 
form to distribute among families whose have a member 
with DS. This questionnaire will contain set of questions 
about DS to confirm previous studies, such as (did DS have 
health problem, problem type, did they have a family doctor, 
how many time DS face an emergency case, did they have a 
health support, and so on), this questionnaire will distribute 
to get results, and finally statistical analysis will carry out 
and compare it with previous study. 
A development system approach or application with all steps 
and components will determine later. 
 

V. CONCLUSION 

According the previous studies and problems that presented 
previously, we conclude that these problems for DS can be a 
motivation for us to think about dedicate new system or 
application to manage, protect, and control the DS life style 
especially in their health scope. 
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Abstract - Because of the importance of online reviews, many 
types of research have been conducted to better understand 

imbalance in datasets and feature numbers. In this paper, 
, and to better 

Natural 
Language Processing and Machine Learning algorithms used. 
However, to solve the imbalance problem, based on dynamic 
domain-specific dictionaries, a new technique in feature 
extraction has been introduced. We experimented this 
technique on Yelp dataset with multiple scenarios. Results 
showed great improvement on performance when using the 
proposed technique.  

 

Keywords  Opinion Mining, Text Classification, Natural 
Language Processing, Recommendation System, Feature 
Extraction.  

 

I. INTRODUCTION 

HE popularity of online reviews has been increasing 
rapidly in recent years and taking major responsibility in 

business websites like Amazon, Alibaba, and Yelp provide 
different reviewing systems for their users, reviewing a 
business could benefit both the company and the customer, 
from the company perspective: reviews point out what 
customer prefer and disfavor, which helps the company to 

eventually, lead to business profits. From the customer 
perspective: prior studies [1,2] have identified that online 
reviews and recommendations could have an impact on 
customer decisions when purchase a product, visit a place, or 
eat some kind of food. Therefore, u
reviews is a hot research area [3], where researchers try to 
understand the hidden factors in reviews that motivate the 
public to interact with reviews (voting) [4,5,6], writing 
review and rating [7], or what influence users to participate 
in online communities [8].  

The public opinion about a review can be measured 
through the provided feedback systems by online 
communities, such as the helpful voting system in Amazon, 
in which every review related with the number of people 
founded that review as a helpful, or the voting system of 
Yelp, which provide three voting options (useful, funny, or 
cool) for every review, where the Yelp users could choose 
one or more option to express their opinion about a specific 

review. Accordingly, public opinion could be considered as 
a set of feeling, differed from one online reviewing 
community to another, in Yelp the set of feeling would be 
useful, funny, or cool because of the voting system provided 
by the site. 

Due to the importance and popularity of online reviews, 
prediction of good-quality reviews could be quite helpful to 

- 
quality definition could change based on the nature of the 
reviews, the problem being discussed, and the perspective of 
the reader. For example, in Yelp for some users, a review 
with useful votes can be potential for a good- quality review 

 
However, one of the common problems in data mining is 

data imbalance, in which most of the data records belong to 
one class or more. Imbalance also could be in the number of 
feature for every record, which makes variable dimension for 
every feature vector. Such problems lead to insufficient 
classification. In this paper, we are trying to address this 
problem by introducing new technique in feature extraction 
could help in prediction public opinion. We will use a dataset 
obtained from the feedback voting system in Yelp 
community, and in addition to our technique, we will use a 
combination of Natural Language Process (NLP) and 
Machine learning (ML) algorithms.  

Yelp1 is an online reviewing site, aimed to connect people 
with great local businesses, founded in 2004, with millions 
of unique visitors every month through its different 
platforms, Yelpers (yelp users) have written more than 135 
million reviews by the end of the second quarter of 2017.  

Our contributions in this paper: First, to the best of our 
knowledge, we are the first to consider the feedback votes as 
a prediction problem in the Yelp dataset. Second: based on 
dynamic domain-specific dictionaries, we introduce a new 
technique for feature extraction. 

As any prediction problem, we started with data cleaning 
and preprocessing, and in our baseline case, we used two 
methods from Natural Language Process (NLP), the Bag-Of-
Words (POW) and part-of-speech tagging (POS). For 
prediction, we considered every feedback option as a class, 
thus, we have three basic classes useful, funny, or cool, and 
a fourth class if the review did not get any vote which we will  
call noVotes, then we used three machine learning 
algorithms, Naive Bayes, linear Support Vector Machine  
 
1https://www.yelp.com/about 
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(SVM), and Logistic Regression for classification. 
Due to imbalance in the number of instances in every class 

and imbalance in the number of features extracted from 
every review, the accuracy in the smaller classes in the 
baseline case was almost zero, to overcome this problem, we 
introduce a new technique based on dynamic domain-
specific dictionaries that help improve accuracy in the 
smaller classes to reach more than 60%. 

The remainder of this paper contains the related work to 
our work, description of the methodology of our work, the 
used dataset and the cleaning process, and then we describe 
our experiments on feature extraction methods and machine 
learning algorithms, finally, we conclude this paper with the 
discussion of the result and summarization of our work with 
possible future work. 

II. RELATED WORK 

Online reviews have been the subject of many studies lately, 
each study them from different aspects and perspectives. The 
work of Bakhshi et al. [5] inspired us to look deeper into 

statistical methods, focusing on exploring and understanding 
the hidden relationships between user, business, and review, 
with the feedback options (useful, funny, or cool) in an 
analytical perspective, we in the other hand, by using NLP 

relationship with the feedback options in Yelp to predicted 
public opinion.    

Our work in specific focus on two objectives, 

those features predict the public opinion. There is a 
considerably work in the first objective. Hu & Liu [9] in their 

opinion 
words
as they and earlier study [10] conclude that adjectives 
express opinions. Accordingly, in part of our feature 
extraction experimentations, we considered adjectives to be 
a representor of opinions. Moreover, we added adverbs to 
represent opinions together with adjectives.  

In other related works to opinion mining, Kobayashi et al. 
[11] defines opinion - in term of product features - as a triple 
evaluated subject, focused attribute, value

extraction, they collect a list of expressions to define every 
element in the triple. In the Value list -which represents 
opinions- they found that most of which were adjectives. Due 
to the different in the domain of our dataset, as stated before, 
opinions are represented as useful, funny, and cool in this 
paper, and for those opinions, we collect a domain-specific 
dictionaries. 

For the second objective of our work, the field of 
prediction or classification in online reviews is mostly 
addressed from two orientations: First, polarity 
classification, or in other word, sentiment classification, 
which is determine wither the text is positive or negative, 
Pang et al. [12] is an early work on the sentiment problem, 
they used machine learning algorithms to solve the sentiment 
classification problem. Kim & Hovy [13] looked at the 

problem from diffident side, their system first determines the 
polarity of every word in the sentence, then combines every 

sentence. Second, rating-based analyzing and classification, 
in most of the online reviews sites such as Amazon, Alibaba, 
and Yelp, a numeric rating is provided to review writers. As 
mentioned before, that rating system can have huge impact 

[3] introduce a Bag-of-Opinions 
method to predict numerical rating of product reviews, they 
assign a numerical score for each extracted opinion, to be 
learned by a regression algorithm. According to [3] 
Numerical review rating prediction is harder than 

classifying by polarity. [14] they 
apply a statistical model to understand the hidden 
relationship be

predicting. 
The work of Zhang et al. [15] addressed a similar problem 

to that in our work, by using the number of votes and 
developed a probabilistic model to 

predict the helpfulness of online reviews. However, in this 
paper, we consider four differed feedbacks i.e., useful, funny, 
cool and noVote.  

III. METHODOLOGY 

The methodology applied in this work is consists of two 
parts: NLP for feature analyzing and extraction, and ML for 
prediction.  

A. Feature analyzing and extraction 

The most important step in our work is to understand and 

NLP is to provide to ML algorithms the input feature vector. 
To do so, we used two common methods in NLP: 

 Bag-of-words (POW) is one of the most used 
methods in NLP for text analyzing [3,16,15], basically, the 
method takes text as input and produce a vector contains 
every word in the input text. 

 Part-of-speech (POS) is a very useful approach to 
classify words based on their parts of speech (nouns, verbs, 
adjective, etc.). We used the Stanford Log-linear Part-Of-
Speech Tagger [17] for extract adjectives and adverbs as 
mentioned before.  

The above methods gave us poor result in terms of 
accuracy (as will be present in the experiments section) for 
that we introduce a new technique to prepare our feature 
vectors (section 4). 

B. Prediction 
For the prediction part of our work, we used three common 

machine learning algorithms widely used for text problems 
[12,15].  

Naive Bayes algorithm: a probabilistic classifier based on 
the Bayes' theorem with the assumption of independence 
between the features. Basically, if we have a feature vector 
X = [x1,x2,x3,..,xn] and a set of class labels C = [c1,c2,..,cn], to 
predict the probability of that vector X being belong to class 
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                (1) 
Linear Support Vector Machine (linear SVM) algorithm: 

a widely used algorithm for classification and regression. 
SVM built a hyperplane/s to separate the training dataset 
points, for example, if we have a set of feature vectors 
[x1,x2,..,xn], we need to find the hyperplane that has the 
largest distance to the nearest feature vector of any class.  

Logistic regression algorithm: a popular model used to 
solve classification problem, it can be used as binomial or 
multinomial model. For the binomial problems, the sigmoid 
function, 

                                    (2) 

could be applied to predict the probability of the classes. 
However, for a multinomial problem (K classes), we can 
apply the softmax function, 

                                                                    (3) 

We will use those three machine learning algorithms with 
different feature extraction methods to solve our prediction 
problem.  

IV. PROPOSED TECHNIQUE 
In this work, we propose a new technique to overcome the 
problem of imbalance in features number. Typically, any text 

review consists of words, and after using the above NLP 
methods, we will have a changeable number of features in 
the output feature vector. Consequently, every review will 
have different dimension number, which will lead to 
inconsistence in the training mechanism in our classifier. To 
solve this problem, we do as follows: First, we generate a 
raw feature vector for every review in the dataset by apply 
the NLP methods. Second, we build a dictionary for every 
class in the dataset, a feature will be included in the 
dictionary for class A, if and only if it appears in the class A 

ple, 
if we have sample reviews for classes a, b, c, and d, then we 
create a set for every class, that set contains all the features 

every feature. The members of every sets are represented as 
tuple <feature, frequency number>, thus, for every class, 

now we have a set of features A, B, C, and D. but the features 
in A could be in the other classes, so A dictionary will be = 

A - B - C - D.  
Third, we determine the final feature vector size by taking 

the average size of all the feature vectors. Let the average 
size be avgSize. Finally, for every review, the feature vector 
size could be less than avgSize, more than avgSize, or equal 
to avgSize. To make all vectors in same size, we apply 
algorithm 1. 

A. Algorithm 

Our algorithm starts by initialize two variables, the avgSize 
from step three, and a threshold. Then we have two cases: 

If the size of the current vector of feature is less than 
avgSize, then we use the getFeatureFromDictionary() 
method, which takes the class name (useful, fuuny, cool, or 
noVote) of the current feature vector as a parameter, and 
return the most frequent feature in the class dictionary, then 
move the dictionary pointer the next feature.  

If the size of the current vector is bigger than avgSize, we 
then randomly check a feature from the current vector, if that 
feature is not in the class dictionary, then we remove it.  

Another related case to the second case, if the current 
vector size is bigger than avgSize, and all or most of its 
features are indeed in its class dictionary, in this case, after a 
number of iterations (threshold) we randomly remove 
features from the vector until it matches the avgSize. This 
special case will be optimized and improved in the future 
work. 

V. EXPERIMENTS 

In our experiments, we implemented six different 
scenarios as baseline scenarios, then we applied the proposed 
technique to those scenarios. Finally, we compare the result 
of the baseline with our proposed technique. 

In this section, we are going to explain the obtained 
dataset, the baseline scenarios, and the scenarios based on the 
proposed feature extraction technique. The result to be 
discussed in the next section. 

 
 

initialize avgSize & threshold;  
int counter; 
For every feature vector i in dataset  
    while(i.size()!= avgSize) 
     if (i.size() < avgSize) 
         i.add(getFeatureFromDictionary(i.getClass)); 
   
  else if (i.size() > instanceSize)   
    int RandomNum = getRandomNumber(); 
    counter++; 
           if( ! (i.getClassDictinory().contains(i.getFeatuer(RandomNum))) ) 
       i.remove(i.getFeature(RandomNum)); 
   
  else if (counter > threshold) 
   while(i.size() != avgSize)  
         i.remove(RandomNum);    

Algorithm 1. 
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A. Dataset 
To demonstrate the problem probably, we used the dataset 

provided by Yelp Challenge1. The dataset contains reviews 
for businesses from 12 diffident metropolitan areas across 4 
countries, because we need as much as possible of consisted 
reviews, we chose to constrict our work to the Phoenix city 
and reviews on Restaurants. The final dataset contains 
711,891 reviews for 9,754 restaurants in the Phoenix city. 
Based on the number of votes for each feedback option in 
Yelp site, we divided our dataset into four classes, useful, 
funny, cool, and noVotes. When divided the reviews, we 
suppose that a review is belongs -for example- to class useful 
if the useful votes are higher than other feedback votes and 
has at least two votes. The distribution of reviews over the 
four classes is presenting by table 1. 

 
Table 1: Distribution of reviews. 

Class # of reviews 
noVotes 570,751 
Useful 111,418 
Funny 15,046 
Cool 14,676 

 
We chose two to be the minimum number of votes for two 

reasons, because if we chose one vote, the classes will 
contain a lot of noise, and one vote will not indicate the 

dataset, so if we chose number more than two, the number of 
reviews in funny and cool classes will very small and will 
lead to incomplete training for those classes.  

 

B. Baseline 
One of the most popular ways to predict a class in text 

problem, is using the POW method for feature extracting and 
machine learning algorithms for predicting. However, in our 
baseline scenario, in addition to the POW method and the 
three ML algorithms mentioned in 3.3 section, we also 
considered POS method for feature extracting. Our final 
baseline model is six different scenarios:  
Scenario#1 using POW with Naive Bayes algorithm. 
Scenario#2 using POW with linear SVM algorithm. 
Scenario#3 using POW with Logistic Regression algorithm.  
Scenario#4 using POS with Naive Bayes algorithm. 
Scenario#5 using POS with linear SVM algorithm.  
Scenario#6 using POS with Logistic Regression algorithm. 

In our implementation of baseline model and proposed 
method, we divided the dataset to training dataset (%70) and 
testing dataset (%30). The baseline results will be used for 
comparison with the proposed model results. 

 

C. Proposed technique scenarios 
The average number of features in our dataset after 

cleaning the data from stop-words and applying the POW 
method is 60 (avgSize=60), and after applying the POS 
method is 20. POS produce smaller number than POW 
 

1https://www.yelp.com/dataset/challenge  

because in POS we just select the adjectives and adverbs 
from text as explanted before. Then we used our technique 
to modify the original dataset in a way that all the feature 
vectors (every feature vector represents a review) will have  
the same size. Finally, the six different scenarios of 
experiments will be conducted on our modified dataset to 

 results with the baseline model. 
All our experiments are implemented in a cluster consists 

of one master and four workers, using Apache Spark with 
Java programming language. Spark2 is a fast and general 
engine for large-scale data processing. Powered3 by a big 
companies and organizations such as NASA, Amazon, 
Alibaba, eBay, IBM, Samsung, and Yahoo!. 

 

D. Feature weighting 

The ML algorithms we used in this paper uses numerical 
inputs, therefore, as a middle step between NLP methods and 
ML algorithms we needed a feature weighting method to 
transform the text feature vector to numerical feature vector. 
A common weighting method is TF IDF. 

TF-IDF4 is short for (term frequency inverse document 
frequency). Exceedingly used method in text maiming 

much a feature is important in a document (review in our 
case) in a dataset of documents. Suppose we have feature t 
in a review d in dataset D, the first part of the method, Term 
frequency TF(t,d) is the number of times that t appears in d. 
The second part is DF(t,D) which is the number of reviews 
in dataset D contains feature t. TF(t,d) alone cannot reflect 
the importance of a feature, because some features may 
rapidly appears in all reviews in D, which means those 
features does not have any importance. Therefore, inverse I 
of DF(t,D) is being applied, 

                          (4) 
where |D| is the number of reviews in D. And because the 
method uses log, if a feature appears in all reviews, the result 

of IDF(t,D) would be zero, and since TF-IDF is the product 
value of TF(t,d) and IDF(t,D),  the final value of TF-IDF for 
that feature would be zero. 

 

VI. RESULT AND DISCUSSION 

The complete result of our experiments is shown in tables 
2,3,4,5,6,7. Because of the imbalanced in our dataset (table 
1), we did not consider accuracy as evaluation metric, but we 
considered precision and recall. To explain why we cannot 
use accuracy metric in our work, the best accuracy in the 
baseline model was in the logistic regression classifier with 
79%, however, if we look at table 4, clearly, most of the true 
predictions was from one class (noVotes) and almost zero in 
other classes (Funny, Cool), therefore, we cannot rely on 
accuracy to evaluate classifiers in our problem.  
 

2https://spark.apache.org  
3https://spark.apache.org/powered-by.html  
4https://spark.apache.org/docs/latest/ml-features.html 
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Table 2: Result of Baseline with Naïve Bayes algorithm. 

Class 
Baseline - Naive Bayes 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.8494 0.7131 0.8381 0.8119 
Useful 0.2583 0.2958 0.2808 0.2817 
Funny 0.3085 0.1453 0.0939 0.1447 
Cool 0.0379 0.1484 0.0396 0.0647 

 

Table 3: Result of Baseline with Linear SVM algorithm. 

Class 
Baseline  Linear SVM 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.8212 0.9430 0.8066 0.9853 
Useful 0.3220 0.1390 0.3104 0.0323 
Funny 0.1342 0.1342 0.1140 0.0128 
Cool 0.0570 0.0138 0.0421 0.0031 

 

Table 4: Result of Baseline with Logistic regression algorithm. 

Class 
Baseline - Logistic regression 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.8199 0.9641 0.8124 0.9825 
Useful 0.3927 0.1409 0.4336 0.0840 
Funny 0.3464 0.0174 0.2608 0.0039 
Cool 0.0873 0.0024 0.0862 0.0011 

 

Table 5: Result of proposed method with Naïve Bayes algorithm. 

Class 
Proposed method - Naive Bayes 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.9996 0.7428 0.9974 0.7421 
Useful 0.4505 0.9489 0.4185 0.9537 
Funny 0.3887 0.7393 0.5280 0.6009 
Cool 0.4088 0.6790 0.5172 0.5754 

 

Table 6: Result of proposed method with Linear SVM algorithm. 

Class 
Proposed method  Linear SVM 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.8808 0.9928 0.8716 0.9949 
Useful 0.9225 0.4435 0.9468 0.4051 
Funny 0.9161 0.4448 0.9339 0.4311 
Cool 0.9466 0.4627 0.9411 0.4275 

 

Table 7: Result of proposed method with Logistic regression algorithm 

Class 
Proposed method - Logistic regression 

Bag-of-Words Part-of-Speech 
precision recall precision recall 

noVotes 0.8740 0.9944 0.8656 0.9970 
Useful 0.9160 0.4252 0.9518 0.3746 
Funny 0.9885 0.3472 0.9932 0.3326 
Cool 0.9908 0.3707 0.9912 0.3344 

And to better understand of the results, we can use F-score 
(average of precision and recall). The results indicate that our 
method outperformed the baseline model, specially, in the 
funny and cool classes. Because the result for funny and cool 
classes was the worst in baseline, we will com
with the proposed method to show the improvement that our 
method provides. 

The performance of Naive Bayes in baseline with 
scenario#4 was the worst with F-score equals to 0.1139 and 
0.0491 for funny and cool classes. While the same scenario 
in our proposed method has 0.5621 and 0.5447 F-score for 
the same classes. Moreover, Linear SVM preform the best 
with scenario#2 having F-score 0.5989 and 0.6216. We 
noticed that the overall performance of Linear SVM and 
Logistic Regression was relative close to each other, while 
Naive Bayes in this work was one step behind.  

We believe that the worse performance of baseline model 
was because of two reasons. First, the imbalance number of 
instances in our dataset. Second, the imbalance number of 
features in the feature vectors. Therefore, because it trained 
almost on just one class (noVotes), classifiers cannot 
properly understand the natural of our dataset in the training 
cycles. However, with our method, we overcome the 
imbalance problem by making all our feature vectors the 
same size. Even though the dataset still imbalanced and class 
noVotes has 80% of the dataset, but with the efficient way 
we used in feature extraction, we get promising result in our 
experiments for the small classes. 

VII. CONCLUSION 
In this paper, we addressed the problem of predication 

public opinion from online reviews with imbalance dataset 
and feature number. To solve the imbalance problem, we 
introduced a new technique in feature extraction, our 
technique is based on dictionaries collected from the dataset 
itself, then we used algorithm 1 to normalize the imbalanced 
feature vectors.  

We used a dataset provided by Yelp site, where Yelp users 
can vote for one or more feedback on each review, so we 

into four categories (useful, funny, 
cool, and noVotes). For Yelp dataset, our technique 
overcome the baseline model and provide promising 
performance. Even though we used Yelp dataset, but we 
believe that our technique can be used in any similar 
problem.   

For future work, we can improve the special case 
mentioned in section 4. Also, we categorized reviews based 
on the number of votes (section 5.1) so that every review 
belongs to one class, however, reviews could be belonging 
to more than one class but with different percentage. Finally, 
we intend to use deep learning for machine learning. 
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Abstract - Artificial Neural Networks (ANN) are artificial 
intelligence techniques in which the biological brain is attempting 
to simulate learning and information storage capabilities. In 
ANN, the connection weights storing information are combined 
in a parallel and sequential manner. The learning of artificial 
neural networks is the process of finding optimal values that are 
appropriate for weights of network topology. In this study, 
Vortex search (VS) algorithm, which has recently developed as a 
single-solution based optimization algorithm, is proposed for 
ANN training. The performance of presented training approach 
is analyzed by comparing with traditional and modern 
optimization methods. The mostly used ANN architecture is the 
model of multilayer feedforward perceptron (MLP). The same 
network topology and training strategy is applied to the Diabetes 
data set taken from the UCI database. VS algorithm is tested by 
classification performance on MLP training. VS algorithm is also 
compared with particle swarm optimization (PSO) and artificial 
bee colony optimization (ABC) algorithms. All algorithms are 
run under the same conditions. In comparison of the results 
obtained for diabetes disease, the proposed training strategy 
based on VS algorithm has achieved the best outcomes for ANN.  
 

Keywords - Vortex Search algorithm, ANN Training, Diabetes.  
 

I. INTRODUCTION 

EURAL network is a concept born due to the scientific 
interest about Artificial Intelligence (AI) in the middle of 

1950s. The AI is the capacity of an electronic data to perform 
functions and reasoning typical of the human mind. It has been 
studied for years in order to achieve human-like intelligence in 
many spaces, such as speech and image recognition. Artificial 
neural networks are inspired by the architecture of the human 
central nervous system, which consists of a large number of 
cells (neurons) running in parallel to facilitate decision-
making the fastest. These simple units are connected to each 
other by electrical stimulus called synapse. Similarly, in the 
ANN model synaptic activity was presented by a matrix of 
weight (numerical values) updated by like-human learning 
process. The direct advantage of this approach is that neuron-
computing devices do not need programmed, but on the 
contrary, the random selection of initial weights induces the 
learn-making from the process of adjusting the weights itself 
by accessing the minimum error of prediction. The procedure 
used to make the learning process was called learning 
algorithm which is a function that can modify the synaptic 
weight of the network [1]. 

Until now, there are many optimization algorithms used in 
the literature for the training artificial neural networks. One of 
them is Artificial Bee Colony algorithm was proposed for 
ANN training. It was designed to solve XOR, 3-Bit Parity, 
Encoder-Decoder test problems and different classification 
test problems from UCI machine learning repository. In ANN 
training, performance of ABC algorithm was compared with 
performance of BP and LM backpropagation algorithms, GA, 
DG and PSO algorithms. ANN-ABC gave more successful 
results as the highest classification success and performance 
[2]. 

In order to solve medical diagnostic problems, the 
performance between global and local techniques applied to 
the training of neural network classifiers were investigated by 

3]. Two popular neural network training 
methods were applied on the feed-forward, fully-connected 
ANNs which conventional backpropagation (BP) and particle 
swarm optimization were used. Performance analysis and 
evaluation were performed on three medical diagnostic 
problems (breast cancer, heart disease and diabetes) from 
Proben1 benchmark dataset. BP is found to be more efficient 
in terms of calculation than PSO. 

Tarigan et al. [4] trained ANN by using Genetic Algorithms 
(GA) for Plate recognition which is used for automatic parking 
gate or automatic ticketing system. Genetic algorithm was 
used to find the optimal number of hidden neuron, learning 
rate, and momentum rate. Determined the effectiveness of GA 
on Backpropagation Neural Network (BPNN) that is applied 
to the Automatic Plate Number Recognizer (APNR). GA 
optimized backpropagation neural network is faster than non-
optimized backpropagation neural network. 

The purpose of the study is vortex search algorithm not 
previously proposed in the literature for the training of 
artificial neural networks. It is aimed to use VS optimization 
algorithm in the training of artificial neural networks and to 
research algorithm performance. It was developed as an 
alternative training method and its performance is compared 
with the performances of Artificial Bee Colony (ABC) [5] and 
Particle Swarm Optimization (PSO) [6] metaheuristic 
techniques. The data set to be used for testing was taken from 
the UCI database (machine learning repository of University 
of California at Irvine) [7]. Experimental studies and analyzes 
have been carried out on the diabetes data test classification 
problem from the UCI machine learning repository in order to 
analyze the effectiveness of the vortex search algorithm. 
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This paper organized as follows. In section II, materials and 
method used in this study are given. In the methods 
subsection, the concepts of vortex search algorithm are briefly 
explained while the contexts of the datasets are detailed in 
materials subsection. Then the proposed method is described 
in section III. Finally, the results are given in section IV. 

II. MATERIALS AND METHODS 

A. Vortex Search Algorithm 

The Vortex search algorithm (VS) is a native algorithm first 
developed in 2015 for solving single-objective optimization 
problems [8]. The algorithm is inspired by the vortex pattern 
generated by the vortex flow of the mixed liquids. In recent 
years, both the single-solution based and population-based 
metaheuristics have successfully implemented many actual 
world optimization problems. These algorithms produce 
solutions by discovering the search field efficiently while 
reducing the effective size of the search. The Vortex Search 
(VS) algorithm is a single-solution based metaheuristic 
algorithm. The success of a metaheuristic method on a specific 
optimization problem is defined by its ability to establish a 
good stabilize between the explorative and exploitative. 

In a two-dimensional space, a vortex design was modeled 
by a series of nested circles.  of the 
outer (biggest) circle of the vortex was  was 
calculated using the following equation. So, the circle was 
centered in the search space. 

 

 

 

 
 can also be thought of as the first radius (r ) of the 

outer circle. When small changes are needed in the first steps, 
r0 is chosen as a great value.  Thus, in initial step a full 
coverage of the search field is provided by the outer circle. 
This process has provided a bird's-eye view. 

Using the Gaussian distribution, random values are created 
around the first center in the d-dimensional space. 

 

         (3) 

 
In the choosing stage, the best solution s'  C (s) was 

selected and stored in memory from C (s) to change the 
. Prior to choosing stage, the candidate 

solutions must be provided to be inside the search limits. For 
this purpose, the solutions that exceed boundaries were shifted 
into limits, as in the following equation. 

 

    (4) 

 

Then, the memorized best solution s  was appointed to be 
the center of the second circle. During the production phase of 
the second step, the effective radius (r1) of this new circle was 
reduced. Next, a new set of solutions C1(s) was created 
around the new center. In the choosing stage of the second 
step, the new set of solutions C1(s) was evaluated to select a 
solution s' C1(s). If the selected solution is better than the 
best solution found so far, then this solution was assigned to 
be the new best solution and it was memorized. Next, the 
center of the third circle was assigned to be the memorized 
best solution found so far. This process was repeated until the 
termination conditions are met. It is demonstrated in Fig 1. 

 

 
Figure 1: A sample drawing of the search process [8]. 

 
In this way, once the algorithm is over, the resulting pattern 

appears as a vortex-like structure, where the center of the 
smallest circle is the optimum point found by the algorithm. A 
representative pattern for a two-dimensional optimization 
problem for which the upper and lower limits are between the 
[-10, 10] interval, appears in Fig 2. 

 

 
Figure 2: Vortex-like structure after a search process [8]. 

 
In VS algorithm, the inverse incomplete gamma function 

was used to decrease the value of the radius during each 
iteration pass. The incomplete gamma function given in the 
equations below most commonly arises in probability theory, 
particularly in those applications involving the chi-square 
distribution [9]. 

 

 a>0 

 a>0       

Thus, it follows that, 
                                                    (5) 

Where   is known as the gamma function. 
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MATLAB also provides some tools for the calculation of 
functions including, gamma function (gamma), incomplete 
gamma function (gammainc), and inverse incomplete gamma 
(gammaincinv) function. The inverse incomplete gamma 
function (gammaincinv), calculates the inverse of the 
incomplete gamma function with respect to the integration 
limit x and represented as gammaincinv(x,a) in MATLAB [8]. 

In this study, the VS algorithm is applied to the diabetes 
data set from the UCI databases in the data warehouse in the 
feedforward ANN training. It has not been shown as the main 
goal finding the most suitable architecture for the developed 
artificial neural network model or finding the lowest possible 
error. However, the aim is to demonstrate that the VS 
algorithm is as competitive as other algorithms in network 
training and to discuss its success. PSO, ABC and other meta-
heuristic algorithms are applied and run under the same 
conditions. The success of the obtained outcomes is discussed 
comparatively. The schematic diagram of the MLP model is 
shown in Fig 3. 

 
Figure 3: Feed forward MLP topology (8x6x1) for diabetes. 

 

B. Materials 

Pima Indians Diabetes Dataset was created in Applied 
Physics Laboratory of the Johns Hopkins University. All 
patients enrolled in this dataset are females at least 21 years 
old of Pima Indian heritage. Dataset contains 768 instances 
which have eight attributes [7].  

The attributes are:  
1. Number of times pregnant 
2. Plasma glucose concentration 2 hours in an oral glucose 
tolerance test. 
3. Diastolic blood pressure (mm Hg) 
4. Triceps skin fold thickness (mm) 
5. 2-Hour serum insulin (mu U/ml) 
6. Body mass index (weight in kg/(height in m)^2) 
7. Diabetes pedigree function 
8. Age (years) 
The class labels are tested positive for diabetes (Class 1) 

and tested negative for diabetes (Class 0) which have 268 and 
500 instances respectively [10]. 

III. EXPERIMENTAL RESULTS 

The all algorithms were applied to dataset for 10 
independent trails consisting 100 iterations. Each running was 
started with randomly generated populations. The logarithm 
sigmoid function was chosen as the transfer function in each 
network selected for each problem. Network training was 
terminated when the mean square error rate (MSE) between 
input and output is less than or equal to 0.01, or when the 
maximum number of loop is reached. The formulation of MSE 
is given in Eq (6). 

 

                                    (6) 

 
Here,  desired output value and  produced output 

value; shows the number of output neurons  and the number 
of samples . 

The median ( ), mean for the measured values (central 
tendencies) of all the problems and the interquartile range 
(IQR), standard deviation (SD) values for the statistical 
distributions were calculated. The results with the best value 
in the test problems were highlighted by dark gray background 
color. If multiple algorithms can reach the same best value, the 
algorithm with the smaller IRQ value was considered the best. 

The diabetes data set was selected from the UCI data 
warehouse to evaluate the performance of the vortex search 
algorithm. The classification performance of the VS algorithm 
was compared with the performance of the PSO and ABC 
algorithms. The first data part of 75% of the diabetes problem 
in the database was used as the training data set and the 
remaining 25% was used as the test data. Diabetes properties 
of the data set are shown in Table 1. These are topology of 
ANN, total number of weights called size, and total number of 
samples. 

Table 1. Parameters of the MLP network used and diabetes problem. 

Problem ANN topology Size Example number 
Diabetes 8-6-1 61 768 

 
In this study, MLP-VS, MLP-ABC and MLP-PSO 

algorithms were trained using their own methods and test 
results were obtained using the same training data sets. Data 
set properties using VS, ABC and PSO algorithms are given in 
Table 1 and shown result in Table 2. 

 

Table 2. Classification successes 

 
From Table 2 it can clearly be seen that the VS algorithm 

obtained better training performance in all scenarios from 
ABC and PSO. The highest achieved test performance by VS, 
was run with 100 iterations, population size 30, 6 neurons in 

Problem VS ABC PSO 
Median 0.221932 0.223128 0.223122 
IQR 0.00460013 0.00892751 0.00635094 
Mean 0.22166 0.224304 0.222617 
SD 0.00452353 0.00574394 0.0066864 

Input 

Input 

Bias 

Output 

Input Hidden Output 
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hidden layers and the parameter range as [-20, 20]. The mean 
and median MSE values used as classification accuracy are 
0.22166 and 0.221932, respectively. Also, the convergence of 
the VS-based ANN training for 100 iterations can be seen in 
Fig 4. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: VS convergence characteristic for median running. 
 

IV. CONCLUSION 

A new ANN training approach depend on VS algorithm 
was presented in this study. It was applied to Pima Indian 
dataset which was collected from the people who have the 
doubt of diabetes disease. Vortex search algorithm which was 
previously not proposed for ANN training in the literature. VS 
has been used to train the network during the application of 
classification and test problem solving in multi-layered 
feedforward artificial neural networks. ANN-VS, ANN-ABC 
and ANN-PSO training models were separately run and the 
results are compared with each other. All algorithms were 
tested by multiple running. ANN-VS model achieved more 
successful results with the highest classification accuracy 
among the algorithms. The maximum classification accuracy 
with 0.221932 median and 0.22166 mean MSE values, is 
obtained by ANN-VS training model. Consequently, 
experimental results are shown that ANN model trained by 
vortex search is a viable approach in the classification. 
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Abstract - In this study the recently proposed Artificial Algae 
Algorithm (AAA) for training Multi-Layer Perceptron (MLP) for 
the first time in the literature. Artificial algae algorithm is a 
nature-inspired metaheuristic optimization algorithm. Five 
classification dataset (Liver, Parkinson, Breast cancer, Vertebral, 
Diabetes) from UCI (University of California, Irvine) database is 
utilized to benchmark the performance of the proposed method. 
For verification, the results compared to six swarm based 
algorithm. Results (confusion matrix, local minima avoidance, 
average and best accuracy rate, convergence curve, execution 
time and standard deviation) show that artificial algae algorithm 
very competitive performance for training multilayer perceptron. 
 

Keywords - Training neural network, Multilayer perceptron, 
Optimization, Artificial Algae Algorithm 

 

I. INTRODUCTION 

NN are artificial nets that mimic biological neural 
networks in the human brain. The general working 

principle of artificial neural networks is to convert an input set 
into an output set. MLP is a feed forward neural network 
model that is formed by combining perceptron. It has an input 
layer, at least one hidden layer and one output layer. It is 
effective in solving nonlinear problems. The network must be 
trained to produce accurate output values for the input data 
shown [1]. 

 Network training is based on the principle of minimizing 
the difference between the expected output and the output 
produced by the network. Training is the process of finding the 
most appropriate weight values. This is an optimization 
problem. 

 
The training process of artificial neural networks directly 

affects the performance of the network. There are two main 
categories of network training: a) Gradient-based methods b) 
Stochastic methods. 

 
The backpropagation algorithm and its variants are accepted 

as standard examples of gradient-based methods. Gradient-
based methods have main disadvantages; high dependence on 
initial parameters, tendency to be trapped in local minimum 
and early convergence[2-4]. As an alternative to Gradient-
based approaches in the literature, heuristic search algorithms 
have been proposed to optimize MLP networks. 

 
Unlike gradient-based algorithms, meta-heuristic methods 

show high efficiency in avoiding local minimums[3, 5-7]. 
Stochastic based algorithms are principally involving 
randomness to move from local search to global search. for 
this reason, it is more suitable for global optimization [8]. 

 
Seiffert used Genetic Algorithms for MLP training in 2001 

and argued that the genetic algorithm is better than the 
backpropagation algorithm when the problem is more complex 
and multidimensional [9]. 

 
MLP can be trained by swarm intelligence optimization 

algorithms. Swarm intelligence is the modeling of species that 
behave intelligently in the form of swarms such as birds, fish, 
wolves, whales. They are used to find the optimal solution in 
optimization problems. Every agent (individual) in the swarm 
represent a possible solution. Each agent by self-organized 
with lots of information sharing between agents in the swarm 
will try to move to the appropriate solution. 
 

The most popular examples of swarm-based algorithms are   
the particle swarm optimization (PSO), artificial bee colony 
(ABC), ant colony optimization (ACO), gray wolf 
optimization(GWO) and whale optimization 
algorithm(WOA).[2, 10-13] 
 

There are a lot of studies in the literature using MLP 
training swarm intelligence [2, 14-18]. 
 

There are many algorithms for MLP training in the 
literature, but local minimum problem still exists. According to 
the no-free-lunch theorem (NFL), an optimization algorithm 

ptimization problems [19, 
20]. 

 
Artificial Algae Algorithm for MLP training was proposed in 
this study for first time. In section 2, the AAA algorithm will 
be explained. 
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II.  ARTIFICIAL ALGAE A  

Artificial algae algorithm is a meta-heuristic optimization 
algorithm inspired by the properties and living behavior of 
moving microalgae [21]. An algae colony is a group of algae 
living together. Every colony represents a possible solution. 
Algae population consists of algae colonies.  

Each algae colonies shows a growth according to the 
environment. Initially, the greatness of all algae colonies is 
one. The growth kinetics of the algae colony is calculated by 
equation 1 and 2. 

 

                  (1) 

 

                  (2) 
 

where max  is the maximum specific growth rate (1/time), 
and Ks is the substrate saturation constant (mass/volume), Gi 

the size of algae colony. 
AAA, there are three main section which are evolutionary 

process, helical movement and adaptation. 
 

A. Evolutionary process 

 
The algae colony that finds a good solution grows and 

develop. If the algae colon  find a good solution, they 
cannot develop and die. In evolutionary process, the algae 
colonies are sorted by their greatness. At a randomly selected 
size, one dimension of the smallest algae column is kill and 
one size of the largest algae column is copied instead (Eqs. (3) 
- (5)). 

 
 

,          (3)   

,         (4) 

,       (5)  

 

where D is the problem dimension, biggest is the biggest algae 

colony and smallest is the smallest one.  

B. Helical movement 

 

At the beginning of each cycle, the energy is calculated in 

proportion to the greatness of the algae colonies (normalizing 

their greatness). In each cycle of the algae colony, the helical 

movement is determined by how many times this energy will 

be displaced in the solution space. Energies are direct 

proportional to the food concentration. The algae colony, 

which finds a better solution, suffers from energy loss by half 

(e / 2) of the initial energy loss parameter. The algae colony, 

as 

much as the energy loss parameter (e). The friction force is 

proportional to the greatness of the algae colony. As the 

friction surfaces of the algae cells grow, the helical movements 

are slower in the liquid. This increases the local search ability 

(exploitation). Little algae cells have more global search 

capabilities (exploration). When we take the algae colony as 

the sphere and the size as the volume (G) in the calculations, 

the friction surface bec hown in 

Eqs. 4. 

           (4) 

. 

The random three dimension of an algae colony selected by 

the tournament method for the helical movement is 

determined. The friction surface of the algae colony calculates 

the step size of the movement (Eqs. (5) -(7)). 

        (5) 

      (6) 

        (7) 

 

where Xtik , Xtil and Xtim are x, y and z coordinates of ith 

algae cell  , [0, 2 ]; p  is shear force;  t (xi) 

is the friction surface area of ith algae cell.  
 

C. Adaptation 

 
Adaptation is a process in which algae colony survive but 

colony. 
In the initially, the starvation level of each algae colony is 

zero. The result of the helical movement is an increase of one 

better solution. The algae colony, which has the highest 
starvation level, is subjected to adaptation procedure after each 
helical motion cycle (Eqs. 8-9). 

 
,            (8) 

  (9) 

 
where At

i 
is the starvation value of ith algae colony in time t, 

starvingt is the algal colony with the highest starvation value in 
time t. The adaptation parameter (Ap) determines whether 
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adaptation process would be applied in time t or not. Ap is 
constant on the interval [0, 1]. 

 

III. AAA BASED MLP TRAINER 

 
Each algae colony (agent) is a possible solution. Each agent 

represents the weight and bias parameters of the MLP network. 
The candidate neural network is a one-dimensional vector 
representing the solution. The vector consists of three parts as 
shown in figure 1 [3]. the weights between the input and the 
hidden layer, the weights between the hidden layer and the 
output layer, and the bias of the hidden and output neurons. 
Biases shift the sigmoid function. 

 

 

Figure 1: Assigning a AAA search agent vector to an MLP 

 
The fitness value of the generated agents is calculated in 

MLP. The fitness function is the mean square error (MSE). 
The fitness function is the sum of the squared difference 
between the actual output of the network and the output 
calculated of the network. MSE is shown in Eqs. 10. 

 

         (10) 
 

where y is th
number of instances in the training dataset. 

Firstly, the agent is randomly generated as many as the 
number of individuals in the population. Each agent represents 
an MLP network. The fitness of the MLP nets produced is 
evaluated using the fitness function (MSE). The location of 
search agents is updated according to the location update 
formula in AAA (Eqs. (5) - (7)). The processes are repeated 
until the maximum iteration or the specified error amount is 
reached. Finally, the MLP network with the minimum MSE 
value is tested on the portion of the data set that is reserved for 
testing. the purpose of the training algorithm is to find an MLP 
network with a minimum MSE that models the training 
samples in the datasets. Shown in figure 2 [22] 

 

 

Figure 2: AAA provides MLP with weights/biases and receives 
average MSE for all training samples 

 

IV. RESULT AND DISCUSSION 

In this section the proposed method is benchmarked using 
five classification datasets from UCI. Parkinson dataset, 
liver dataset, breast cancer dataset, vertebral dataset and 
diabetes dataset. The number of test samples and training 
samples belonging to these data sets is shown in the table 1. 
For verification, the results compared to six swarm based 
algorithm. Particle swarm optimization, gray wolf optimizer, 
firefly algorithm, whale optimization algorithm, multi-verse 
optimizer, moth flame optimizer, and cuckoo search 
algorithm. 

 
Table 1: MLP structure, dimension and samples for each dataset 

Classification 
Datasets  

Train/Test 
Samples 

Number of 
Attributes 

MLP       
structure 

Dimension  

Liver 79 / 41 6 6-13-1 105 

Parkinson 128 / 67 22 22-45-1 1081 

Breast cancer 461 / 238 8 8-17-1 171 

Vertebral 204 / 106 6 6-13-1 105 

Diabetes 506 / 262 8 8-17-1 171 

 

A. Experimental Setup 

For all experiments and all algorithms, we used EvoloPy. 
EvoloPy is an open source nature-inspired optimization 
algorithm toolbox in Python. All datasets are separated into 
66% for training and 34% for testing and datasets are 
normalized using min max normalization. All experiments are 
executed for thirty different runs. Each run contains 500 
iterations. The number of individuals in the population was 
determined as 40. The algorithms were run on 20000 fitness 
calculations. The weights of the artificial neural network are 
real numbers in the range [-1, 1]. The number of neurons in the 
hidden layer is found by the formula , where N is 
number of dataset features [23, 24]. The designed MLP 
structure is shown in table 1.  
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B. Discussion and Analysis of the Result 

 
The average of 30 run in result. Execution time is evaluated 

in seconds. The results show that the artificial algae algorithm 
classifies these data sets with at least 75% success. The 
standard deviation value of the AAA algorithm is low, 
indicating that there is no dependence on the initial 
parameters. Also proves that it is avoiding local minimums. 
Vertebral and liver datasets, the execution time is short 
because the training data sets is few. The results are shown on 
the table 2- 6. 

Artificial algae algorithm has the highest accuracy rate, the 
best average accuracy rate and the best execution time in the 
liver dataset. In breast cancer dataset and Parkinson dataset, 
AAA has the highest accuracy rate and the best execution time. 
The AAA in the vertebral data set and the diabetes data set 
results is very competitive with other algorithms [3, 22].  
 

 
Table 2: Result of liver dataset 

 
 

Table 2: Result of parkinson dataset 

 
 

 
 
 
 
 
 
 
 

   Table 2: Result of breast cancer dataset 

 
Table 2: Result of vertebral dataset 

 
 Table 2: Result of diabetes dataset 

 

V. CONCLUSION 

In this work, for the first time in the literature, the 
performance of artificial algae algorithm on MLP training was 
evaluated. The AAA was implemented for the problem. The 
AAA was used to determine optimal weight and bias values. 
The proposed method was applied to the five popular 
classification data sets. The results were compared with six 
well-known algorithms in the literature. 

 
In future studies the AAA algorithm can be used to 

determine the number of hidden layers and the number of 
neurons in the hidden layer. AAA can be applied in the 
optimization of conventional neural networks. To find the 
number of layers of the convolutional neural networks and to 
optimize the kernel values(weight) in this layer.  

Algorithm AVG STD Best Execution 
Time 

AAA 0.763 0.012 0.796 85.35 

CS 0.733 0.028 0.771 170.6 

GWO 0.423 0.000 0.423 92.56 

MFO 0.759 0.013 0.779 88.71 

MVO 0.753 0.014 0.779 87.48 

PSO 0.757 0.019 0.796 90.19 

WOA 0.428 0.027 0.576 87.35 

Algorithm AVG STD Best Execution 
Time 

AAA 0.855 0.026 0.895 57.78 

CS 0.830 0.027 0.880 121.5 

GWO 0.761 0.000 0.761 138.9 

MFO 0.854 0.025 0.895 96.25 

MVO 0.874 0.021 0.910 84.85 

PSO 0.814 0.043 0.895 113.5 

WOA 0.759 0.007 0.761 84.41 

Algorithm AVG STD Best Execution 
Time 

AAA 0.976 0.006 0.991 173.7 

CS 0.971 0.006 0.983 349.5 

GWO 0.659 0.000 0.659 185.9 

MFO 0.979 0.006 0.987 180.8 

MVO 0.979 0.003 0.983 178.5 

PSO 0.970 0.008 0.983 198.2 

WOA 0.665 0.032 0.836 177.2 

Algorithm AVG STD Best Execution 
Time 

AAA 0.876 0.013 0.896 77.38 

CS 0.861 0.026 0.905 154.1 

GWO 0.707 0.000 0.707 84.39 

MFO 0.872 0.012 0.896 80.59 

MVO 0.878 0.014 0.905 79.44 

PSO 0.873 0.018 0.915 82.16 

WOA 0.707 0.000 0.707 79.32 

Algorithm AVG STD Best Execution 
Time 

AAA 0.750 0.008 0.763 219.9 

CS 0.748 0.009 0.770 382.8 

GWO 0.366 0.000 0.366 202.5 

MFO 0.754 0.012 0.770 197.4 

MVO 0.757 0.010 0.778 194.6 

PSO 0.751 0.010 0.797 199.5 

WOA 0.375 0.048 0.633 205.1 

168 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

REFERENCES 

 
[1] Basheer, I. and M. Hajmeer, Artificial neural networks: 

fundamentals, computing, design, and application. Journal of 
microbiological methods, 2000. 43(1): p. 3-31. 

[2] Karaboga, D., B. Akay, and C. Ozturk, Artificial bee colony 
(ABC) optimization algorithm for training feed-forward neural 
networks. MDAI, 2007. 7: p. 318-319. 

[3] Aljarah, I., H. Faris, and S. Mirjalili, Optimizing connection 
weights in neural networks using the whale optimization 
algorithm. Soft Computing, 2016: p. 1-15. 

[4] Rakitianskaia, A.S. and A.P. Engelbrecht, Training feedforward 
neural networks with dynamic particle swarm optimisation. 
Swarm Intelligence, 2012. 6(3): p. 233-270. 

[5] -H. Liu, and M. Mernik, Exploration and 
exploitation in evolutionary algorithms: a survey. ACM 
Computing Surveys (CSUR), 2013. 45(3): p. 35. 

[6] Xu, G., An adaptive parameter tuning of particle swarm 
optimization algorithm. Applied Mathematics and Computation, 
2013. 219(9): p. 4560-4569. 

[7] Mirjalili, S., S.Z.M. Hashim, and H.M. Sardroudi, Training 
feedforward neural networks using hybrid particle swarm 
optimization and gravitational search algorithm. Applied 
Mathematics and Computation, 2012. 218(22): p. 11125-11137. 

[8] Yang, X.-S., Nature-inspired optimization algorithms. 2014: 
Elsevier. 

[9] Seiffert, U. Multiple layer perceptron training using genetic 
algorithms. in ESANN. 2001. 

[10] Kennedy, J., Particle swarm optimization, in Encyclopedia of 
machine learning. 2011, Springer. p. 760-766. 

[11] Dorigo, M., M. Birattari, and T. Stutzle, Ant colony optimization. 
IEEE computational intelligence magazine, 2006. 1(4): p. 28-39. 

[12] Mirjalili, S., S.M. Mirjalili, and A. Lewis, Grey wolf optimizer. 
Advances in Engineering Software, 2014. 69: p. 46-61. 

[13] Mirjalili, S. and A. Lewis, The whale optimization algorithm. 
Advances in Engineering Software, 2016. 95: p. 51-67. 

[14] Yu, J., S. Wang, and L. Xi, Evolving artificial neural networks 
using an improved PSO and DPSO. Neurocomputing, 2008. 
71(4): p. 1054-1060. 

[15] Mendes, R., et al. Particle swarms for feedforward neural 
network training. in Neural Networks, 2002. IJCNN'02. 
Proceedings of the 2002 International Joint Conference on. 2002. 
IEEE. 

[16] Meissner, M., M. Schmuker, and G. Schneider, Optimized Particle 
Swarm Optimization (OPSO) and its application to artificial 
neural network training. BMC bioinformatics, 2006. 7(1): p. 125. 

[17] Blum, C. and K. Socha. Training feed-forward neural networks 
with ant colony optimization: An application to pattern 
classification. in Hybrid Intelligent Systems, 2005. HIS'05. Fifth 
International Conference on. 2005. IEEE. 

[18] Socha, K. and C. Blum, An ant colony optimization algorithm for 
continuous optimization: application to feed-forward neural 
network training. Neural Computing and Applications, 2007. 
16(3): p. 235-247. 

[19] Wolpert, D.H. and W.G. Macready, No free lunch theorems for 
optimization. IEEE transactions on evolutionary computation, 
1997. 1(1): p. 67-82. 

[20] Ho, Y.-C. and D.L. Pepyne, Simple explanation of the no-free-
lunch theorem and its implications. Journal of optimization theory 
and applications, 2002. 115(3): p. 549-570. 

[21] Uymaz, S.A., G. Tezel, and E. Yel, Artificial algae algorithm 
(AAA) for nonlinear global optimization. Applied Soft 
Computing, 2015. 31: p. 153-171. 

[22] Mirjalili, S., How effective is the Grey Wolf optimizer in training 
multi-layer perceptrons. Applied Intelligence, 2015. 43(1): p. 150-
161. 

[23] Mirjalili, S., S.M. Mirjalili, and A. Lewis, Let a biogeography-
based optimizer train your multi-layer perceptron. Information 
Sciences, 2014. 269: p. 188-209. 

[24] Wdaa, A.S.I. and A. Sttar, Differential evolution for neural 
networks learning enhancement. 2008, Universiti Teknologi 
Malaysia. 

 

169 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



       
 

 

 

 
Abstract - With the increasing of large amount information in 
unstructured text documents, text mining technology or 
knowledge discovery from text (KDT) has been emerging as a 
new and exciting research area. Text mining is a 
multidisciplinary field that involves machine learning, natural 
language processing (NLP), information retrieval (IR) and 
knowledge management to deal with extraction of knowledge and 
patterns from unstructured text documents. Therefore, a number 
of techniques have been developed to discover trends and outliers 
in text data rather than enabling information access as a 
traditional focus. In this study, it is aimed to analyze of 
announcements of the universities in Turkey and reveal hidden 
relationships between them in terms of research areas, activities, 
programs and other facilities by using text mining. The proposed 
study includes three steps. The first step is pre-processing that 
relies on reading and parsing documents, filtering, typo error 
correction, keyword extraction and transformation. The second 
step deals with mining the data. In this step,  hierarchical 
clustering techniques are used for clustering the text data. The 
last step is visualization and presentation by generating tag 
clouds. Our results show that, subjects of the announcements are 
generally similar for most of the universities. However, some 

universities emphasize the terms related to research, 
congress and internationalization on their announcements. 

 
Keywords  data mining, text mining, text clustering, 

hierarchical clustering, KNIME 

 

I. INTRODUCTION 

Last few decades, with the rapid technological advances in 
science and information fields, huge amount of data has been 
collected from different sources such as sensors, monitoring 
systems, mobile and smartphone applications. Because of this 
growth of internet traffic, it is difficult to manually analyze the 
data for decision making and extract usable information. Data 
mining techniques offer the most appropriate solutions to deal 
with these problems. 

Data mining can be described as a process of extraction of 
useful information and analyzing it from different perspectives 
to produce a specific model [1]. It performs well on structured 
data. On the other hand, unstructured data may contain large 
amounts of hidden and useful information. For this reason, text 
mining techniques are needed to deal with such unstructured 
data. Text mining, also known as text data mining or 
knowledge discovery from textual databases, refers generally 
to the process of extracting interesting and non-trivial patterns 
or knowledge from unstructured text documents [2].  

 
 
Text mining deals with unstructured and fuzzy data sets 

such as emails, full-text documents and HTML files, etc. It 
combines techniques from data mining, machine learning, 
natural language processing and information retrieval.  

Since computers cannot handle linguistic patterns such as 
slang, spelling variations and contextual meaning, unstructured 
text has to be checked and converted into the vector-space 
model before any advanced text mining. Many natural 
language processing technologies have been developed to 
teach computers natural language. These technologies are used 
in the text mining for data extraction, summarization, 
categorization, clustering, concept linkage and visualization 
[3].  

In this paper, we present a text mining workflow, which 
analyzes announcements sections of websites of Turkish 
universities to investigate relationships among them. Our 
purpose is to discover the correlation in various fields such as 
research, technological developments, social and academic 
activities.  The information extraction and text mining have 
been performed by the KNIME platform with Text Processing 
plugin [4] which allows tagging, filtering, frequency 
computation, data structure transformation and other 
preprocessing tasks of data. 

II. RELATED WORK 

Text clustering has great practical importance of structuring 
large document collections. A. Trappey, C.V. Trappey, F.C. 
Hsu nd D.W. Hsiao proposed a fuzzy ontology-based 
document clustering technique that makes the clustering results 
more natural and understandable [5]. M. Mahdavi, H. 
Abolhassani ve Harmony developed the clustering methods 
based on similarity-based approaches and model-based 
approaches [6]. Navaneethakumar, V. M. and Chandrasekar, 
C. presented the web document based text clustering method 
and analyzed this method with the concept based mining 
models using a different set of datasets [7]. The proposed 
method aimed to improve clustering efficiency. Gupta, V. 
developed an application domain where text mining can be 
used in clustering, concept linkage, information visualization, 
information retrieval, topic tracking, summarization and 
question answering [8]. Yassine, M., and Hajj, H. worked on 
extracting emotional interaction in online social networks, 
which includes a model for data collection, database schemas, 
data processing and data mining steps  [9]. 

Analysis And Segmentation Of 
Announcements In The Turkish Universities 

1 1 
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III. DATA RETRIEVAL 

The announcements published on the university websites 
were obtained using a software called Selenium WebDriver 
tool that merges Selenium tool and a web driver that can 
directly communicate with the browser.  Selenium WebDriver 
provides a comprehensive programming interface for 
controlling web browser and it can be manually controlled by a 
specific command set [10]. In this study, Chrome Driver has 
been chosen to control the Google Chrome browser. The 
driver navigates the university announcements page URL
and collects text data and removes the formatting tags. The 
text data was collected from 102 universities in Turkey in 
October 2017. 

IV. DATA PREPROCESSING 

Pre-processing step is the process of cleaning and preparing 
the text for classification. The text data set has to be cleaned 
and transformed into a proper data structure in order to process 
data on the KNIME platform. The KNIME Text Processing 
plugin was used to process the textual data. It is a powerful 
tool for parsing textual documents and operating in multiple 
manners [4].   
 

 
 

Figure 1: Pre-processing nodes of KNIME text mining plug-in. 

 
As seen from Fig.1, the first step in preprocessing is reading 

and parsing the documents by using Flat File Document 
Parser
reading and parsing, all punctuation marks and numbers were 
removed and all text was converted to lower case. The terms 
occur less than a threshold value were discarded by mean of a 

 [11].  
 

 
Figure 2: Stop Words filtering and keyword extractor nodes of 

KNIME text mining plug-in. 
 

 

 
 
After basic cleaning procedures, stemming was applied to 

reduce the individual words  into their common root-form 
using a stemmer for Turkish language.  Stemming also 
includes removal of suffixes and inappropriate pluralization. 

improve text mining results. This step leads to decrease the 
number of the dimension of data and improves accuracy [12]. 

In order to further reduce the number of words, Keygraph 
keyword extractor  node used to produce a short summary of 
the data with a set of significant words. These operations have 
been performed by the nodes shown at Fig. 2. After this step, 
the documents are tagged with these selected keywords. The 
Keygraph algorithm extracts the information based on the term 
frequency and number of occurrences [4].  
 

 
 

Figure 3: Transformation steps of the textual data set. 

 
After text preprocessing had been completed, individual 

keywords were transformed into a vector representation by 
using the  node. The document vectors are 
a numerical representation of documents and used for 
hierarchical clustering. Manhattan and Euclidean based 
distance matrices calculated by Dis  
node [4].  
columns generated by the distance matrix calculator node. 
After generating the matrix as shown in Fig.3, it is possible to 
apply data mining methods such as clustering over these 
document vectors. 

V. DATA MINING 

In this study, we used the hierarchical clustering to perform 
document clustering.  

The document clustering algorithms operate on the 
document distance matrix. In hierarchical clustering, all data 
objects are individual clusters at the beginning. The distances 
between these clusters are calculated and the clusters that are 
closest to each other are merged. This process continues until 
one cluster remains [3]. 
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Figure 4: Hierarchical Clustering steps 
 

Hierarchical clustering has two forms, namely 
agglomerative and divisive hierarchical clustering [13]. In this 
study, bottom-up or agglomerative form is used. The 
agglomerative starts with single member clusters and then 
merges these atomic clusters into larger clusters until reaching 
a single cluster [14]. 

In KNIME,  node is 
used for hierarchically clusters the input data using the 
distance matrix that is 

de. However, in order to determine the distance 
between clusters, a similarity measure or linkage [15] has to be 
defined. Linkage types can be described as follows: 

A. Single-linkage clustering :  

In this clustering method, the link between two clusters is 
defined by an element pair (one in each cluster) that are closest 
to each other. The similarity between two clusters is defined 
by nearest distance from any point of one cluster to any point 
of the other cluster [16]. 

B. Complete-linkage clustering :   

The distance between two clusters is defined by the 
maximum distance from any point of one cluster to any point 
of the other cluster [17]. 

C. Average-linkage clustering :   

The distance between two clusters is defined by an average 
distance from any point of one cluster to any point of the other 
cluster [18]. 

 

 
 

Figure 5: Dendrogram of the hierarchical clustering 

 
In this study, average-linkage clustering method was 

preferred. After hierarchical clustering had been completed, 
 node was used to assign 

cluster numbers to dataset rows. As it can be shown on Fig.4, 
 node was implemented to create 

a clustering tree and display the dendrogram. A dendrogram 
displays the result of a hierarchical clustering.  At the bottom 
of the plot, every data point is assumed as one cluster in 
dendrogram. After that, the closest two data points are 
combined and this procedure applied to all remaining data 
points. Those clusters which are closest to each other are 
combined and finally all data points are merged into one 
cluster. The y coordinate shows the distance between the 
objects or clusters [4].   

In this study, the horizontal line cut threshold of the 
dendrogram has been chosen as 0.95. The dendrogram has 
been given on the Fig. 5.  

VI. DATA PRESENTATION AND RESULTS 

The relative term frequency (TF) is an important parameter 
which is computed by dividing the absolute frequency of a 
term by the number of all terms of that document [4]. The TF 
calculation node is used to provide input for the Tag Cloud 
nodded.  

 

 
 

Figure 8: The relative term frequency step 

 
As shown in Fig.8, the  node employed to 

create a typical tag cloud. Tags are single words, and the 
importance of each tag is shown with various font sizes or 
colors. Tag cloud is widely used visualization technique in text 
mining. 

As seen in the dendrogram shown in Fig. 5, total 14 clusters 
were discovered in this study. The tag clouds of each cluster 
and the members of each cluster are given below. The clusters 
are numbered starting from 0. 

 

 
Figure 9: Tag cloud of cluster 0. 

 

 
Mehmet Bey universities.Figure 9 shows a tag cloud of cluster 
0. As seen in the tag cloud, the announcements are mostly 
about . 
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Figure 10: Tag cloud of cluster 1. 

 
Members of cluster 1 are  

universities.Figure 10 shows a tag cloud of cluster 1. As seen 
in the tag cloud, the announcements are mostly about the terms 

. 

 
Figure 11: Tag cloud of cluster 2. 

 

Members of cluster 2 are 
 universities. Figure 11 shows a tag cloud of 

cluster 2. As seen in the tag cloud, the announcements are 
mostly about the terms duyurular  . 
 

 
Figure 12: Tag cloud of cluster 3. 

 
Members of cluster 3 are Lefke Avrupa, 

Bayburt, Cumhuriyet, Ege, Erzincan and Mehmet Akif 
universities. Figure 12 shows a tag cloud of cluster 3. As seen 
in the tag cloud, the announcements are mostly about the terms 

 . 
 

 
Figure 13: Tag cloud of cluster 4. 

 
Members of cluster 4 are , KTO Karatay, 

Marmara, Mef and  universities. 
Figure 13 shows a tag cloud of cluster 4. As seen in the tag 
cloud, the announcements are mostly about the terms 

 . 
 

 
Figure 14: Tag cloud of cluster 5. 

 
Members of cluster 5 are 

   universities.Figure 14 
shows a tag cloud of cluster 5. As seen in the tag cloud, the 
announcements are mostly about the terms  and 

. 

 
Figure 15: Tag cloud of cluster 6. 

 
Members of cluster 6 are , 

 and 
 universities.  Figure 15 shows a tag cloud of cluster 6. 

As seen in the tag cloud, the announcements are mostly about 
the terms  . 

 
Figure 16: Tag cloud of cluster 7. 

 
Members of cluster 7 are Avrasya, Batman, Bilgi, Biruni, 

Y eknoloji, 
Kastamonu, Kilis and Kocaeli universities. Figure 16 shows a 
tag cloud of cluster 16. As seen in the tag cloud, the 
announcements are mostly about the terms  and 

. 

 
Figure 17: Tag cloud of cluster 8. 

 
Members of cluster 8 are ,  Bilecik 

Dicle
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l Bilim, 

Kurumu  universities. Figure 17 shows a tag cloud 
of cluster 8. As seen in the tag cloud, the announcements are 
mostly about the terms  . 

 
Figure 18: Tag cloud of cluster 9. 

 
Members of cluster 9 are , 

universities. Figure 18 shows a tag cloud 
of cluster 9. As seen in the tag cloud, the announcements are 
mostly ab . 

 
Figure 19: Tag cloud of cluster 10. 

 
Members of cluster 10 are , Beykent, Erzurum 

universities. Figure 19 shows a tag cloud of 
cluster 10. As seen in the tag cloud, the announcements are 
mostly about the terms  

 
Figure 20: Tag cloud of cluster 11. 

 
Members of cluster 11 are , Celal Bayar, 

Kafkas, Karabuk, and Kavram universities. Figure 20 shows a 
tag cloud of cluster 11. As seen in the tag cloud, the 
announcements are mostly about the terms ilan

 

 
Figure 21: Tag cloud of cluster 12. 

 

Members of cluster 12 are Bezmialem, 
Sabahattin Zaim and Yeditepe universities. Figure 21 shows a 
tag cloud of cluster 12. As seen in the tag cloud, the 
announcements are mostly about the terms 
detay  

 

 
Figure 22: Tag cloud of cluster 13 

 

Members of cluster 13 are  and Kadir Has 
universities. Figure 22 shows a tag cloud of cluster 13. As seen 
in the tag cloud, the announcements are mostly about the term 

 

VII. CONCLUSION 

As a result of clustering, all universities were clustered to 
fourteen clusters. The term "university" has been widely used 
in the clusters 0, 4 and 12. In the clusters 2, 3, 5, 7, 8, 10, 11 
the terms such as "registration", "application", "result", 
"announcement" are frequently used. The clusters numbered 1, 
9 and 13 are quite different from the general tendency. Those 
universities fall into cluster 1 have frequently used the terms 
"aviation", "cardiology" and "congress". Cluster 9 emphasizes 
the term "international". Cluster 13 emphasizes 
announcements about the "institute." 
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Abstract - Face recognition issue gained more interest 

recently due to its various applications and the high security 
demand.  In this paper, we will have a comparative study of two 
methods for face recognition. Our projection method is based on 

classes in a low-dimensional subspace, even under severe 
variation in lighting and facial expressions. The Eigenface 
technique, another method is based on linearly projecting the 
image space to a low dimensional subspace, has similar 
computational requirements. After the implementation of two 
methods, the advantages and disadvantages of each approach 
and the difficulties for the implementation will be discussed.  

 
Keywords - 

Discriminant. 

I. INTRODUCTION 

acial recognition problem has been the subject of 
research for many years. This system has seen in identity 

verification, criminal identification, public areas such as 
stadium airport, smart home systems, web environment, age 
and sex analysis, and security locks on the phone.  
    Facial recognition is also one of the difficulties 
encountered in face position changes, lighting changes, facial 
changes over time, person multiplicity to identify and speed 
of calculation. Since each square of a picture does not 
represent a face, it is first necessary to identify the faces in 
the picture. The Viola and Jones face detection method will 
be used for this process [1]. 
    Firstly, a formal method of classifying faces was proposed 
by Francis Galton [2, 3] in 1888. During the 1 , work on 

the research interest in face recognition has grown 
significantly [4]. 

The two approaches used for facial recognition have been 
examined in this study. The Eigenface approach is based on 
PCA (Principle Component Analysis). The Fisherfaces 
approach uses LDA (Linear Discriminant Analysis). A system 
to compare Eigenface and Fisherfaces approaches will be 
developed and their advantages and disadvantages will be 
examined. 

Haarcascade approach will be examined in the second part 
of the study, Eigenface approach will be discussed in the third 
part, Fisherfaces approach will be examined in the fourth part, 

information about the system developed in the fifth part will 
be given, and results and suggestions will be given in the sixth 
part. 

II. FACE DETECTION 

     Some of the face detection methods are Template 
Matching, Haarcascade, Local Binary Pattern (LBP) and 
Histogram of Oriented Gradients (HOG).  The method to be 
used in the study is Haarcascade method. The Haar Cascade 
classifier was introduced by Paul Viola and Michael Jones in 
2001 [1]. 
   The following steps are followed in this method: 
 

1) Haar Features 
     The simple features used are reminiscent of Haar basis 
functions (Fig. 1.): 
 Two-rectangle feature: difference between the sum of the 
pixels within two rectangular regions 
 Three-rectangle feature: sum within two outside rectangles 
subtracted from the sum in a center rectangle  

Four-rectangle feature: difference between diagonal pairs of 
rectangles [2]. 

 
Fig. 1. Haar Features 

 
     The first two features selected by AdaBoost for the task of 
face detection are easily interpreted:  

 feature: the region of the eyes is often darker than the 
region of the nose and cheeks 
  feature: the eyes are darker than the bridge of the 
nose [1]. 
 

2) Integral Image 
     The integral image at location (x, y) contains the sum of 
the pixels above and to the left of (x, y), inclusive (Fig. 2.): 

Face Recognition using Eigenface vs. 
Fisherfaces 
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                      (1) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Integral Image 
 

3) Cascading Classifier 
    Each classifier layer in the structure scans a different 
region in the feature space. The simple classifiers used here 
are decision trees with at least two leaves. Haar attributes are 
given as input to these classifiers. Simpler classifiers are 
used to reject the majority of sub windows. Then, more 
complex classifiers are called upon to achieve low false 
positive rates. (Fig. 3.) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Cascading Classifier 
 

4) Adaboost Algorithm  
    The Adaboost algorithm from the "Adaptive Boosting" 
expansion was introduced by Yoav Freund and Robert 
Schapire. AdaBoost is used both to select the features and to 
train the classifier. 
    Let's say the plus signs in the D1 data set represent the 
images with the human face, and the minus signs represent the 
images without the face inside. If the D1 dataset is classified 
and the images without the blue side face show the images 
with the red side face, then 3 misclassifications occur. The 
weight of these incorrect samples is increased and the data 
set (D2) is updated. When it is reclassified again, 3 
misclassifications arise, which are called weak classifiers. 
(Fig.4.) 
 
 
 
 

 
 

 
 

Fig. 4. Weak Classifiers

A strong classifier (Fig. 5.) is obtained by combining weak 
classifiers. Thus, after each weak classifier is trained, a 
general error calculation is performed using these weights, 
and a new weak classifier on the next attribute is trained in 
consideration of this error. 

 
Fig. 5.Strong Classifier 

III. EIGENFACE 

The Eigenface approach to recognition was developed by 
Sirovich and Kirby [6] in 1987 and used by face classification 
by Matthew Turk and Alex Pentland [7]. Principal Component 
Analysis [8] is used in Eigenface approach. In this analysis 
method, an N-dimensional covariance matrix of an N-
dimensional data is found. The matrix has N eigenvalues. The 
eigenvalue is the variance of the data of the eigenvector 
corresponding to the corresponding eigenvalue. The M 
eigenvectors corresponding to the first M eigenvalues with 
the largest variance are found.  Eigenvector is projected and 
reduced from N dimension to M dimension. 
     The training set of 1 2 M. The 
average face of the set is defined by   
 
   
 

177 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

   Each face differs from the average by the vector 

                            
 

   This set of very large vectors is then subject to principal 
component analysis, which seeks a set of M orthonormal 
vectors, un, which best describes the distribution of the data 
[6]. 
 
    Each of these un vectors is selected so as to maximize the 
coefficients defined below. 
 

      
   (2) 

 
           
   The un vectors are required to provide (3) with orthonormal 
condition. 
 

 
         (3) 

 
 
 

    uk vectors and k constants are the eigenvectors and 
eigenvalues, respectively, of the covariance matrix C defined 
below. 
 
 

 
             (4)  

 
             (5)  
 

 
 
    The eigenvectors of the matrix C defined above form the 
eigenfaces of face space that we are interested in. Note that 
for face images of size NxN, the matrix C is dimension 
N2XN2. It is not useful to have the eigenvalues of a matrix of 
this magnitude. However, for situations where the number of 
pictures in the training set is too small for the size of the 
picture space (M << N2), a useful covariance is possible [10]. 

By using eigenfaces, the feature vector T of any face 
image can be found as follows. 

 
          (6) 

 
 
          (7) 

 
 
Any face image to face space 

 
           (8) 

 
can be recovered approximately by projection [7]. 
 

IV. FISHERFACE 

    Fisherface approach is used for classification-based 
recognition. 
Discriminant (FLD). Linear Discriminant Analysis (LDA) can 
be derived from an idea by R.A. Fisher in 1936. LDA 
examines the distribution of classes and separates the classes 
from one another using the differences between the mean 
values. 
     This method selects W in [5] in such a way that the ratio of 
the between-class scatter and the within class scatter is 
maximized. Again, let us consider a set of N sample images 
{x1, x2, , xN } taking values in an n-dimensional image space, 
and assume that each image belongs to one of c classes {X1, 
X2, . . . , Xc}. 
    Let the between-class scatter matrix be defined as 

 
(9) 

 
 

 
and the within-class scatter matrix be defined as 
 

 
 
  (10) 

 
 

i is the mean image of class Xi , Ni is the number of 
samples in class Xi  
SW is nonsingular, the optimal projection Wopt is chosen as 
the matrix with orthonormal columns which maximizes the 
ratio of the determinant of the between-class scatter matrix 
of the projected samples to the determinant of the within-
class scatter matrix of the projected samples, i.e., 

 
 

          (11) 
 
 

 
where {wi |i = 1, 2, . . . , m} is the set of generalized 
eigenvectors of SB and SW corresponding to the m largest 
generalize i |i = 1, 2, . . . , m}, i.e., 

 
(12) 
 

 

the number of classes. 
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In the face recognition problem, one is confronted with the 
difficulty that the within-class scatter matrix SW   is 
always singular [11]. 

 

V. DEVELOPED SYSTEM 

    Since the C sharp programming language is chosen for the 
face recognition system, the wrapper EmguCV of the 
OpenCV library will be used [12]. 

A. OpenCV Library 

    The OpenCV library is written in C and C ++ programming 
languages. It is an open source, BSD-licensed free library and 
is platform independent and can work on Linux, Windows, 
Android, and MacOS. 
    The OpenCV library contains more than 2500 algorithms 
for image processing and machine learning. With these 
algorithms face recognition, distinguishing objects, to 
identify human movements, object classification, plate 
recognition, to be able to operate on three dimensional image 
and image comparison operations can be done. 
 

B. EmguCV Wrapper 

    EmguCV is an OpenCV wrapper. Wrapper establishes the 
connection between the .net application and the OpenCV 
library. (Fig. 6.)  EmguCV makes it easy to develop image 
processing applications with C #, VB, VC++, Xamarin or Iron 
Python and Unity under the .Net framework.  
EmguCV Wrapper works on Windows, Linux, Mac OS X, 
Mac iOS, Android and MS Windows Phone platforms.	

 
Fig. 6. EmguCV wrapper 

 
   The developed system will first detect the faces and put 
them into a rectangle. The faces will be brought to the same 
size and converted to gray mode and trained. Testing of 
trained faces will be done with one of Eigenface or 
Fisherfaces methods. (Fig. 7.) 
 
 

Fig.7. Developed system with C# 
 

 

VI. CONCLUSION 

 
    Eigenface and Fisherfaces methods will be used in the 
study to compare the face recognition performance between 
the two methods against environment variables, face position 
and face expression. Thus, it will be seen in which conditions 
both methods work well. At the end of these studies, a facial 
recognition system will be developed with deep neural 
network, which is the subject of research today. It is expected 
that face recognition performance will increase with this 
method. 
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Abstract - Today, many daily activities that require physical effort 
can be done over the internet with the rapid development of 
technology. While users perform their transactions on the 
internet, they should not encounter any security problems and 
face financial loses. For this reason, web systems used to perform 
these operations must be protected with high security. Security 
methods can be divided into many parts within themselves. One of 
these is the existence of an authentication mechanism in the web 
system. The purpose of the authentication mechanism is to 
determine that the person performing the transaction on the web 
system is the real person requesting the transaction, not an 
attacker. In this study, various authentication methods have been 
explained and compared. 
 

Keywords - Web Based Authentication, Authentication 
Techniques, Biometric Methods.  

 

I. INTRODUCTION 

he continuous development of the technology and the 
internet increases the number of operations carried out on 

the internet. People are able to perform transactions which 
they could do with physical effort aforetime through devices 
connected to the internet from where they are sitting. Today, 
many transactions such as shopping, banking transactions, e-
government transactions, bill payment, etc. can be carried out 
over the internet and this provides simplicity for the people. 
But besides the advantages of simplicity, this situation also has 
some disadvantages. Security problems are at the source of 
these disadvantages. Web systems which we do electronic 
transactions by using our private information need to be 
protected with high security. Because malicious people may 
want to gain access to our private information through various 
methods of attack and to make profits by using this 
information. People can be subjected to pecuniary and moral 
damages as a result of obtaining personal or card information. 
In addition to this, there may be attacks on web systems that 
are operated by people to get services. These attacks are aimed 
at hijacking the web system and damaging directly the system, 
and the registrants who are in the system. The continuous 
development of technology not only allows the development of 
methods that will increase the security of web systems, but 
also causes the increase of attack methods. For this reason, 

systems should be protected at the highest security level as 
possible. One of the most important issues for web systems is  
 
that a person can safely login to the system, in other words, to 
provide secure authentication. Today, many methods have 
been developed to provide secure authentication and many 
studies have been done on this subject. In one of these studies, 
Xie et al. developed a web authentication application by using 
the QR code method and compared it with other authentication 
methods in terms of usability, security and applicability [1]. In 
another study Malutan and Grosan explained web 
authentication and identity management techniques and they 
aimed to protect users from attacks by developing a virtual 
keyboard application in which random letters are assigned to 
numbers [2]. In the other work, Sakib and Huang developed a 
password entry method named Textact. In the method, it is 
aimed to create correct ciphers by applying italic, bold, 
underlined, adding, deleting and displacement actions on the 
characters in a text. The advantage of the method is that 
password characters can be selected anywhere in the text [3]. 
In another study, Al-Bajjari and Yuan developed an optimized 
authentication method for web applications. They have made 
possible the transmission of secure messages that is resistant to 
many attacks by making use of HMAC (Hashed Message 
Authentication Code) hashing and AES (Advanced Encryption 
Standart) encryption algorithms in the method [4]. In another 
study, Monfared et al. examined the security problems of 
authentication on mobile devices, proposed a new method 
based on biometric authentication with a website to increase 
mobile authentication security and usability [5]. In another 
study, Kolekar and Vaidya used CAPTCHA (Completely 
Automated Public Turing test to tell Computers and Humans 
Apart) schemes on an Android-based mobile device 
application for registration and login operations. In the 
application they have developed, a user who wants to login to 
the system must select one of the various authentication 
schemes and pass the Captcha password in that scheme. The 
study also made comparisons of various Captcha schemes [6]. 

application based web authentication. They have made the 
generation of a one-time password by controlling the IMEI 
(International Mobile Equipment Identity) number of the 
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mobile device in addition to the user's fingerprint information 
and login to the web system using this password over a period 
of time in application [7]. Since web authentication is an 
indispensable part of many systems today, there are many 
different studies on this subject in the literature. In this study, 
information about authentication and web-based authentication 
methods are given and web based authentication methods are 
compared with each other.  

 

II. AUTHENTICATION METHODS 

Login with a Password: In this method, the authentication 
process is usually provided by a password that the user pre-
determines. Today, this is the most common method of 
authentication. Many users will only log in with a character-
based password that they know for authentication process. Too  
much use of this method for authentication has led to an 
increase in the types of attacks that are done to break the 
method. Examples of attack types are the middle man attack 
[8], phishing attack [9], or password guess attack [10]. 

Biometric methods: Biometric methods include techniques 
such as fingerprint recognition, voice recognition, iris 
recognition or face recognition. Biometric properties are 
different in each person. For this reason, these methods are 
highly reliable. But since it requires additional hardware cost, 
the usage rate is lower than login with a password. The most 
widely used biometric technique is fingerprint recognition. 
Fingerprint recognition is briefly compared to the patterns on 
the finger in the predefined database. 

Voice recognition, also called Automatic Speech 
Recognition (ASR), examines grammars and accents during 
natural speech of a person. Each person's voice track is 
different and occurs by analyzing more than 50 unique 
physical qualities. Examples of these qualities are mouth 
shape, mouth size, nasal, behavioral factors including 
pronunciation, accentuation, speed of speech and accent. 

Iris recognition is a biometric authentication method that 
includes sample recognition techniques based on high-
resolution images of the subject's eye. 

Face recognition involves scanning 14 to 22 faces of 80 
different points on a person's face to create an 84-byte face 
trace. Examples of these points include the distance between 
the eyes, the width of the nose, the depth of the eyeholes, or 
the cheeks. 

Smart Cards: Smart cards contain information that uniquely 
identifies the owner. In smart card usage, no password or any 
special information known by the user is sent to the remote 
server. 

Instead, the certificate information contained in the smart 
card is sent and the application on the server authenticates by 
issuing this information. However, since mapping is done on 
the application side, manipulation is obvious. 

 

III. WEB BASED AUTHENTICATION 

Two-factor authentication must be done in order for the 
web-based authentication process to be secure. Two different 
authentication schemes utilize two different components to 
determine the user identity. These components can be a user-
independent technique, in addition to a password known to the 
user. Some methods that are used for two different 
authentication methods in Web-based systems are: 

One-Time Password: A one-time password is generated by 
the authenticating application and transmitted to the user in 
different ways. This way may be through a trusted page driven 
by the application, or it may be an SMS (Short Message 
Service) message sent to the person's mobile device. One-time 
use has a duration of use. If it is not used within this period, it 
will be invalid. A generated password cannot be reused. If a 
payment is to be made on a web application, the disposable 
password message for the mobile phone, which is a second 
authentication step on the payment completion page, can be 
given as an example of this method. 

QR (Quick Response) Code: Some web services use the QR 
code method as the secondary phase of authentication. In this 
method, the system generates a QR code. A mobile device 
connected to the Internet and the authentication server is 
required to read the code and send it to the server. Often, the 
user mobile device also needs to have an application, or an app 
extension associated with authentication. Yandex, WhatsApp 
etc. many applications use this method. 

Biometric Methods: Until recently, the availability of 
additional hardware devices was often required for the use of 
biometric methods in applications. This led to increased cost 
in the system used. In recent years, increasing the hardware 
features of mobile devices and integrating modules such as 
cameras, fingerprint readers into mobile devices have enabled 
application security to be carried at high levels without 
additional cost. 

Today, many devices and applications can be opened with 
fingerprint, face-to-face audio identification of the module 
integrated in the device. These modules can also be used 
within external applications. With similar modules, it is 
possible to obtain biometric traces to provide identification of 
the identity of a person to a web system on the mobile device 
and to provide the necessary control mechanism.  

 

IV. EVALUATION 

When we examine web based authentication methods; the 
individual user must have an external device (typically mobile 
device) in order for sending the one-time password to the 
individual user via an application or the SMS channel, asking 
the individual user to read the QR code generated by the 
system, or   obtaining a bio-signature to identify the biometric 
identity. This ensures the authenticity of the user logging on 
the system and thus, thus increases the security of web 
systems. However, it makes the user dependent to a device. 

At this point, it is necessary to consider the possibility of 

181 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

losing or being stolen the mobile device which they use to log 
in to the web system.  

When an attacker seizes the person's mobile device and if 
the person's username and password information are stored on 
the person's mobile device or on the web system with various 
cookies, the attacker can easily pass the authentication 
mechanism of the web application by using the one-time 
password or QR code which are sent to the device.  

One-time password and QR code mechanisms have a high 
security level. However, the security problem is not caused by 
the authentication mechanism of the web system but the device 
connected to this system. For this reason, it is assumed that the 
device is used only by the valid user and security of the device 
is necessary enough to the extent that it cannot be broken by 
foreign or unscrupulous users. 

 

 
Figure 1: OTP-Based Two-Factor Authentication Procedure Steps. 
 
In Figure 1, an authentication scheme, which the secondary 

factor is a one-time password, is presented. In Step 3 of the 
scheme, the server must first verify the hashing of the 
username and password in step 2 before sending the one-time 
password. The user transmits the one-time password to the 
server from the secure channel to the mobile device at step 4. 
Then, the process of two-factor authentication is completed. 

Biometric methods only allow the use of a bio-signature that 
is obtainable from the user. These methods still maintain the 
authentication security (secondary safety) in high levels even if 
someone's mobile device gets stolen by an attacker.  

 

 
Figure 2: Fingerprint-based Two Factor Authentication Steps. 

 
An authentication scheme which is the secondary factor is 

fingerprint value is given in Figure 2. When transmitting 
signature values obtained by using biometric methods on web 
systems, some encryption-based or hashing algorithms must be 
used. Bio-identity data which is obtained from the user should 
never be transmitted explicitly. Otherwise, this will lead to 
security vulnerability. The encryption or hashing algorithms 
should be chosen among the algorithms which are considered 
to be reliable nowadays. 

Table 1: The Security Comparison of Two Factor Authentication 
Methods. 

Authenticat
ion Method 

Verification 
Security 

Verification 
Security in 

Case of Device 
Hijacking 

User Device 
Requirement 

for 
Authentication 

One-Time 
Password 
Method 

High Low Yes 

QR Code 
Method 

High Low No 

Biometric 
Methods 

High High No 

 
The comparison of the security aspects of two-factor 

authentication methods commonly used today is given in Table 
1. While authentication security is high in all three methods, 
the first two methods lose credibility if an attacker steals the 
mobile device used for authentication. Besides, in the one-time 
password method, if the password is transmitted to the user as 
an SMS message, the user must confirm the password which is 
sent to the cell phone registered to the system within a certain 
period of time. 

 

V. CONCLUSION 

In this study, we provide information about authentication 
methods, more specifically about the web based two factor 
authentication methods used today and examine into and 
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compare the advantages and disadvantages of web based 
authentication methods. The continuous development of 
technology not only enhances the security level of 
authentication mechanisms, but it also increases the attack 
methods used to break these mechanisms. In the study, it was 
stated that the two-factor authentication methods based on the 
biometric features of the user provide the highest reliability 
mechanism. 
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Abstract - Complex  data classification is a prime data mining 
problem being discussed about for a decade that has attracted 
several researchers around the world. Most classifiers are 
designed so as to learn from the data itself using a training 
process, because complete expert knowledge to determine 
classifier parameters is impracticable. This paper proposes a 
hybrid methodology based on machine learning paradigm. This 
paradigm integrates the successful exploration mechanism called 
self-regulated learning capability of the artificial neural network  
with the particle swarm optimization (PSO) algorithm. 
As a ANN  learning by pso method,  is a single-hidden layer 
feedforward neural network (FFNN), proved to be an excellent 
classifier with large number of hidden layer neurons. In this 
research, PSO is used to determine the optimum set of 
parameters for the pso , thus reducing the number of hidden 
layer neurons, and it further improves the network 
generalization performance. The proposed method is 
experimented on three benchmarked datasets of the UCI 
Machine Learning Repository for handling complex dataset 
classification. Simulation results show that the proposed 
approach is able to achieve good generalization performance, 
compared to the results of other classifiers. 
 
Keywords - Artificial neural networks, Hybrid ANN_PSO 
,Complex data ,Feedforward neural network , Particle Swarm 
Optimization 

I. INTRODUCTION 

Artificial Neural Networks (ANNs) are system composed of 
neurons organized in input, output, and hidden layers. The 
neurons are connected to each other by a set of synaptic weights. 
An ANN is a powerful tool that has been applied in a broad range 
of problems such as complex data, Medical Dataset, pattern 
recognition, forecasting, and regression. During the learning 
process, the ANN continuously changes their synaptic values 
until the acquired knowledge is sufficient (until a specific number 
of iterations is reached or until a goal error value is achieved). 
When the learning process or the training stage has finished, it is 
mandatory to evaluate the generalization capabilities of the ANN 
using samples of the problem, different to those used during the 
training stage. Finally, it is expected that the ANN can classify 
with an acceptable accuracy the patterns from a particular 
problem during the training and testing stage. 
 
Several classic algorithms to train an ANN have been proposed 
and developed in the last years. However, many of them can stay 
trapped in nondesirable solutions; that is, they will be far from 
the optimum or the best solution. Moreover, most of these 
algorithms cannot explore multimodal and noncontinuous 
surfaces. Therefore, other kinds of techniques, such as 
optimization algorithms, are necessary for training an ANN. 

 
optimization algorithms have a good acceptance by the Artificial 
Intelligence community because they are powerful optimization 
tools and can solve very complex optimization problems. For a 
given problem, NNPSO can explore big multimodal and non-
continuous search spaces and can find the best solution, near the 

as swarm intelligence. This concept is defined in [1] as a property 
of systems composed of unintelligent agents with limited 
individual capabilities but with an intelligent collective 
behaviour. 
There are several works that use evolutionary and optimization  
algorithms to train ANN as another fundamental form of 
learning [2]. Metaheuristic methods for training neural networks 
are based on local search, population methods, and others such 
as cooperative coevolutionary models [3]. 
An excellent work where the authors show an extensive literature 
review of evolutionary algorithms that are used to evolve ANN is 
[2]. However, most of the reported researches are focused only on 
the evolution of the synaptic weights, parameters [4], or involve 

number of hidden layers is established previously by the 
designer. Moreover, the researchers do not involve the evolution 
of transfer functions, which are an important element of an ANN 
that determines the output of each neuron. 
For example, in [5], the authors proposed a method that 
combines Ant Colony Optimization (ACO) to find a particular 
architecture (the connections) for an ANN and Particle Swarm 
Optimization (PSO) to adjust the synaptic weights. Other 
researches like [6] implemented a modification of PSO mixed 
with Simulated Annealing (SA) to obtain a set of synaptic weights 
and ANN thresholds. In [7], the authors use Evolutionary 
Programming to get the architecture and the set of weights with 
the aim to solve classification and prediction problems. Another 
example is [8] where Genetic Programming is used to obtain 
graphs that represent different topologies. In [9], the Differential 
Evolution (DE) algorithm was applied to design an ANN to solve 
a weather forecasting problem. In [10], the authors use a PSO 
algorithm to adjust the synaptic weights to model the daily 
rainfall-runoff relationship in Malaysia. In [11], the authors 
compare the back-propagation method versus basic PSO to 
adjust only the synaptic weights of an ANN for solving 
classification problems. In [12], the set of weights are evolved 
using the Differential Evolution and basic PSO. 
 
In other works like [13], the three principle elements of an ANN 
are evolved at the same time: architecture, transfer functions, 
and synaptic weights. 
 
2. Materials and methods 

2.1. Neural network learned by backpropagation 

Solve Complex Problems using Artificial 
Neural Network Learned by PSO 

SAEED SHAKIR MAHMOOD 1 and GÜLAY.TEZEL2  

1 Selcuk University, Konya/Turkey, alkasmk@gmail.com 
2Selcuk University, Konya/Turkey, gtezel@selcuk.edu.tr 

184 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

Backpropagation [14] is generally used to train multilayer ANNs. 
A multilayer backpropagation network includes an input layer, 
at least one hidden layer, and an output layer. The 
backpropagation algorithm is a supervised learning method and 
aims to optimize weights and biases between the input layer and 
the output layer depending on the output error of the network. 
The input vector is given to the input layer and reaches the final 
output layer after passing through hidden layers. Each neuron in 
the network transmits the result to all neurons of the next layer 
after receiving the arithmetical addition of the weighted signal 
from the previous layer's neurons, depending on the activation 
function.  
The ANN's training by backpropagation operates consistently in 
both forward computing and backward computing, as given in 
Figure 1, where X1 and X2 are inputs and C1, C2, and C3 are 
output vectors of the layers. W1 and W2 are weight matrices; W3 
is a weight vector;   ,  , and   are bias vectors; and E1, E2, 
and E3 bias inputs are chosen as 1. NET1, NET2, and NET3 are 
net input vectors for the related layer. Sigmoid activation 
function ( ) is preferred for all neurons. ' is the derivative of the 
activation function.  ,  , and   are local gradient vectors. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. a) Forward computing schematic structure. 

 
 
 
 
 
 
 
 
 
 

Figure 1.b) backward computing schematic structure (transpose network). 

 
2.2. Neural network learned by PSO 
 

PSO, one of the population-based heuristic optimization methods, 
was first developed by Kennedy and Eberhart in 1995 [15], 
inspired by social behavior in flocks of birds or schools of fish 
while finding food. 
 
The PSO algorithm is initialized with a group of random 
particles (candidate solutions for the problem) and then searches 
for an optimal solution by updating its individuals. In each 
generation, each particle is updated based on 2 special particles: 
pbest is the personal best solution of each particle found so far, 
and  gbest  is the global best solution found so far by any particle 
in the swarm (population) [16]. Figure 2 shows the updating 
procedure of a particle by vectorial representation. 
The algorithm's pseudocode is the following: 
 
 

for	each	particle	do	
initialize	the	particle	with	random	values	
end	for	
Do	
for	each	particle	do	
Calculate	fitness	value	of	the	particle	
if	fitness	value	of	the	current	particle	<	fitness	value	of	the	
pbest	particle	then	
update	the	pbest	particle	
end	if	
end	for	
gbest	=	the	particle	whose	fitness	value	is	equal	to	
min(fitness	values	of	all	particles)	
for	each	particle	do	
update	velocity	and	position	of	the	current	particle	
end	for	
while	stop	criterion	(maximum	generation	number	or	
target	fitness	value	of	the	gbest	particle)	is	
provided	

 

 
The   and   variables in Figure 2 are respectively the j th 

velocity component and the jth (j = 1, 2,..., D) position component 
of the ith (i = 1, 2, 3, . . . , N) particle at generation k . N is the 
number of particles in the swarm. D is the dimension size of the 
search space. 
Position figures and tables at the top and bottom of each column 
if possible.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The velocity and position updating of a particle at k th generation [22,23]. 
 

For the basic PSO [15], the velocity updating and the position      
updating are calculated by Eqs. (1) and (2), respectively. In these 
equations, r1 and r2 are 2 uniformly distributed random 
numbers in the interval of (0,1). c1 and c2 are positive 
acceleration constants, usually c1 + c2 = 4. 

 
 

  
 

 

 
In an improved PSO version [17], an inertia weight(w) parameter 
shown in Eq. (3) is added into the equation of velocity updating. 
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w is used to balance the global and local search [17] and can be 
updated using Eq. (4) or (5) by generations. 
In Eq. (4), wmax and wmin are maximum and minimum values 
of inertia weight; n is maximum generation number. The  
variables in Eq. (5) are the decrease factors and are used to 
linearly decrease inertia weight. 
 

 

 
 

 
 
 
In this study, PSO is used to train an ANN to obtain an optimum 
network model and to improve the performance of the ANN. 
During the training phase, the mean squared error (MSE) is used 
to calculate the fitness value of a particle (Pi) by Eq. (6), where e 
is the error between desired and obtained outputs after 
presenting the ith datum to the network, and S is the number of 
data in the training dataset. The structure of the Pi particle is 
given by Eq. (7). 
 
 

 

 

  
 
The flowchart given in Figure 3 [18] shows the training and 
testing processes of the PSONN. The ANN's training process 
starts with random initialization of weights and biases, which 
indicates the numerical values of the connections between layers. 
These weights and biases are individuals to each particle, as given 
in Eq. (7). The number of connections between layers refers to 
the particle size or search space dimension. The stop criterion in 
Figure 3 is chosen as the maximum generation number or target 
fitness value of the gbest particle: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
              Figure 3. Flowchart for the training and testing of the PSONN. 
 
 

3. Experimental Results and Discussion 

The performance of the proposed ANN_PSO method is 
experimented on three real benchmark classification problems 
(UCI Machine Learning Repository).Out of the data samples, 
70% is employed for training process and 30% for testing 
process. The specification of these problems is listed in Table 1. 

 
Table 1: Description of datasets. 

Dataset Number of 
instances 

Number 
of 
features 

Number 
of classes 

Pima Indians 
Diabetes  

768  8  2 

Cleveland 
Heart Disease  

296 13 5 

Hepatitis  155  19  2 
 
The training dataset was used to train the PSONNs. Each 
network consists of an input layer, a hidden layer, and an output 
layer, as shown in Figure 4. X1, X2, X3, and X4 are inputs 
obtained from statistical values as depicted above; Y is the 
output. The desired output value is 0 for negativity and 1 for 
positivity in having the disease. W1 and W2 are connection 
weight matrices; 1 and   are bias vectors. Threshold inputs 
are used in the layers; their values are chosen as 1. Sigmoid 
activation function was preferred. 
 
 
 
 
 
 
 
 
 
 

Figure 4. Schematic structure of the neural network.. 
 

On applying the proposed ANN_PSO  algorithm for the 
considered medical datasets from the repositories, the dataset 
features are selected and the parameters, classification accuracy, 
sensitivity, and specificity, are noted and tabulated. Hence, in this 
case, the performance of the proposed method is evaluated in 
terms of sensitivity, specificity, and accuracy. In general, 
sensitivity and specificity are the statistical measures employed 
basically to carry out the performance of classification functions. 
A perfect classifier or a predictor will be described as 100% 
sensitive and 100% specific. Since the considered application is of 
medical dataset involving complex data, the classification should 
be carried out in an accurate manner. Henceforth, sensitivity and 
specificity are chosen to be the parametric indices for carrying 
out the medical dataset classification. 
Sensitivity (true positive fraction) is the probability that a 
diagnostic test is positive, given that the person has the disease: 
 

Sensitivity = (8) 

 
Specificity (true negative fraction) is the probability that a 
diagnostic test is negative, given that the person does not have 
the disease: 
 

Specificity = (9) 
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Accuracy is the probability that a diagnostic test is correctly 
performed: 
 

Accuracy =  

 
 
where TP (true positives) is correctly classified positive cases. 
TN (true negative) is correctly classified negative cases. 
FP (false positives) is incorrectly classified negative cases. 
FN (false negative) is incorrectly classified positive cases. 
 
 
 

3.1. Pima Indians Diabetes Dataset.  
 
The performance of the different feature selection methods for 
the Pima Indians Diabetes dataset is shown in Table 2. It is noted 
that, on applying the basic ANN approach with that of  PSO, in 
comparison with the other methods accuracy and the other 
parameters are increased to a value of  88.95% for accuracy and 
99.15 and 100 for sensitivity and specificity with original dataset. 
The proposed ANN_PSO  approach achieved the accuracy rate of 
86.52% with (1,2,6,7,8) selected features, accuracy rate of 89.60% 
with (1,2,6,8) selected features and accuracy rate of 89.32% with 
(2,6,8) selected features. 
 
Table 2: Comparison of  Classification results with Pima Indians Diabetes dataset 
Methodology adopted Accurac

y  
Sensitivi
ty  

Specificity  

Optimized LVQ (10x CV) [19] 96.70  91.29  92.34 
Big LVQ (10x CV) [19] 96.80  95.23  96.10 
AIRS (10x CV) [19]  97.20  96.92   95.00 
Supervised fuzzy clustering (10x 
CV) [20]  

95.57  98.23  97.36 

Fuzzy-AIS-knn (10x CV) [21]  99.14  99.56  100 
-score + support vector machine 

[22]  
99.51  99.24  98.61 

Association rule + neural network 
[23] 

97.4  93.12  91.26 

Artificial metaplasticity neural 
network [24]  

99.26  100  97.89 

Mean selection method [25]  95.99 93 97 
Half selection method [25]  96.71 94  98 
Neural network for threshold 
selection [25]  

 97.28 94  99 

proposed ANN_PSO   88.95 99.15 100 

 
 
 
3.2. Cleveland Heart Disease Dataset. 
 
The results for the Cleveland Heart Disease dataset can be seen 
in Table 3. As a five-class classification problem is dealt instead 
of a binary class classification problem, the Region of 
Convergence is omitted. It is to be noted that a classification 
accuracy of 83.82%, sensitivity of 0.83, and a specificity of 0.85 
were noted when the original features of the dataset were 
considered. On applying the proposed ANN_PSO  approach, the 
best accuracy of 93.63% is achieved. This accuracy is achieved 
with only three features, compared with that of the 13 features of 
the original dataset.  
The proposed ANN_PSO  approach achieved the accuracy rate of 
93.80% with (3,9,11,12) selected features, accuracy rate of 
93.54% with (3,8,9,11,12) selected features , accuracy rate of 
94.48% with(3,8,9,10,11,12) selected features and  accuracy rate 
of 93.17% with(3,8,9,10,11,12,13) selected features 
 
 
 

Table 3: Comparison of Classification results with Cleveland Heart Disease dataset. 

Methodology adopted Accuracy 
(%) 

Sensitivity 
 (%) 

Specificity 
(%) 

C4.5 [27]  81.11  77.23  76.58 
Naive Bayes [27]  81.48  80.97  81.22 
BNND [27]  81.11  82.13  80.42 

BNNF [27]  80.96  76.93  75.81 

AIRS [28]  84.50  75.34  72.96  
Hybrid neural network [30]  87.40  93.00  78.50 
Neural networks ensemble 
[29]  

89.01  80.95  95.91 

Mean selection method [25]  81.75  82 82 
Half selection method [25]  83.44  84  83 
Neural network for 
threshold selection [25]  

84.46  82  82 

Proposed ANN_PSO with 
original features 

83.82 83 85 

 
 
 

3.3. Hepatitis Dataset.  
The results for the Hepatitis dataset are shown in Table 4. From 
the results, it is inferred that the proposed ANN_PSO  approach 
yields a better accuracy of 82.46%, sensitivity 92.25%, and 
specificity 86.45% with that of the original features. 
 The proposed ANN_PSO  approach achieved the accuracy rate 
of 77.52% with (6,11,12,13,14,17,19) selected features, accuracy 
rate of 66.60% with (2,5,6,10,11,12,13,14,17,19) selected features, 
accuracy rate of 79.32% with (5,6,11,12,13,14,17,19) selected 
features and accuracy rate of 79.32% with (11,12,13,14,17,19) 
selected features. 
 

Table 4: Comparison of classifcation results with Hepatitis dataset. 
Methodology adopted Accuracy(%) Sensitivity 

(%) 
Specificity 
(%) 

Conventional artificial neural 
network [26]  

97.00  92.31  94.5 

Mean selection method [25]   82.58  87  60 
Half selection method [25]  85.16  90  66 
Neural network for threshold 
selection [25]  

85.16  90  66 

Proposed ANN_PSO 82.46 92.25 86.45 

   4. CONCLUSION 

In this research a new hybrid algorithm that integrates the 
proposed neural network  with the particle swarm optimization 
(PSO) for the solution of classification problems is presented. To 
Optimize the input weights and hidden biases and minimum 
norm least-square scheme, an improved PSO is used to 
analytically determine the output weights. The PSO is enhanced 
by incorporating a mechanism which diversifies the search 
behavior of the particles so that the algorithm finds much better 
solutions. The performance of the proposed NN framework using 
PSO was better than the performance of the other methods 
reported in the literature for three  benchmark datasets from the 
UCI Machine Learning Repository which are used for 
evaluation. The results also show that in the proposed framework 
the number of neurons in the hidden layer and the relevant input 
variables does need to be selected by trial-and-error, thus 
reducing the network size and improving the generalization 
capability. 
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Abstract - In today's Informatic world, many operations such 
as shopping, communication, research, banking and even 
citizenship procedures can be carried out through web 
applications. The widespread usage of web applications and the 
handling of sensitive data have made such applications the 
number one target for cyber attackers. The increase in attacks 
against Web applications has also increased the importance of 
web application security. The most important factor in ensuring 
web application security is Web application penetration tests. The 
most important aid for experts who want to perform effective and 
successful penetration testing is the web application security labs 
in which they can do various attack experiments. In this study; 
we developed a web application security lab called EWASL that 
contains major web vulnerabilities and allows penetration testing 
experiments to be conducted on those vulnerabilities. Developed 
EWASL differs from the laboratories in the literature due to the 
fact that vulnerabilities are listed both under the headings and 
hidden within the pages. Another feature that distinguishes 
EWASL from other laboratories is that it contributes to develop 
secure software development by means of showing the malicious 
codes that cause vulnerabilities and the reliable codes that should 
be written in place of them. 

 
Keywords  Web application security, web application 

vulnerabilities, penetration test, secure software development.  
 

I. INTRODUCTION 

oday; all the institutions and organizations taking place in 
different fields make use of the web applications in an 

efficient way for the purpose of being able to reach the masses 
they serve faster and providing more effective service. Users 
could carry out many processes such as shopping, research, 
file transfer and communication via social network upon the 
web applications. In addition; in many countries in which our 
country is also included, citizens conduct their various 
citizenship processes via the web applications belonging to 
their countries. Web applications have become the window of 
institutions, companies and even countries to the outer world; 
in other words, they have become their showcases. The 
realization of such important processes and working with 
critical data have caused to the increase in the importance of 

the concept of web application security. Any intrusion to be 
made towards the mentioned applications will both cause to 
the loss of respectability and serious financial loss. 

The common use of web applications in different fields and 
purposes has caused to a serious increase in the number and 
type of the intrusions made towards the mentioned 
applications. Cyber intruders take advantage of various 
vulnerabilities taking place upon in the web applications and 
they carry out some activities such as penetration o the server 
systems, takeover of the user account data defined in the web 
application and prevention of access to the web applications. 
Due to such an increase in the intrusions made to the web 
applications and the damages occurring after the intrusions and 
reaching serious dimensions, institutions and organizations 
subject the web applications to penetration tests in certain 
periods. Experts check the existence of various vulnerabilities 
on the web applications in the mentioned penetration tests. The 
penetration tests carried out on web applications could be 
carried out manually or automatically via various vulnerability 
scanners by the security team. 

Many vulnerability scanners such as Netsparker and 
Acunetix SQLMap could be used for the automatic detection 
of the vulnerabilities taking place in the web applications [1]. 
Web applications are scanned against possible vulnerabilities 
with the use of the mentioned vulnerability scanners and the 
detected vulnerabilities are reported to the user. Although 
automatic vulnerability scanners are very successful in the 
detection of certain vulnerabilities, they are insufficient against 
the new vulnerabilities or those hard to detect automatically 
due to its structure. It is necessary for the security experts to 
know the logic behind the mentioned vulnerabilities and in 
which areas they could occur for the purpose of being able 
detect themselves the possible vulnerabilities on the web 
applications without the automatized devices. For the reason; 
the mentioned experts need the environments in which they 
could easily carry out their penetration tests regarding the 
different kinds of vulnerabilities without the fear of doing any 
harm to the website. 

In the past, many test environments were developed which 
were formed for the security experts to improve themselves in 
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the web application penetration tests and which contain 
different types of web application vulnerabilities. Thanks to 
the web applications such as OWASP WebGoat, DVWA, 
Mutilidae, Mutilidae II on which there are various 
vulnerabilities, people could make intrusions towards the main 
vulnerabilities such as SQL injection and cross site scripting 
and in this way, they could practice [2]. However; when the 
developed applications have been examined, differences could 
be observed among them. WebGoat and DVWA applications 
separately submit the main web application vulnerabilities 
under headlines and it makes people practice upon the 
scenarios. In Mutilidae and Mutilidae 2 applications, 
vulnerabilities are hidden in various pages of the application. It 
is necessary for the person who will conduct tests on this 
application firstly to detect the vulnerabilities and to exploit 
the vulnerability. 

In this study; web application security lab called EWASL 
(Eternus Web Application Security Lab) has been developed 
for the software developers to understand the web application 
vulnerabilities and in this way, to develop secure code and for 
the cyber security expert candidates to be able to conduct tests 
regarding the mentioned vulnerabilities in the lab environment. 
Because EWASL contains different types of web application 
vulnerabilities within itself, it provides web penetration test 
opportunities for the related people in this field. In addition; it 
gives safe software development tips for the users and shows 
the harmful code blocks causing to vulnerabilities and the 
secure code blocks necessary to be replaced. In this way; 
EWASL provides secure software development opportunities 
for the web application developers. 

In the 2nd part of the conducted study, the main 
vulnerabilities taking place in the web applications have been 
examined. In the 3rd part, the structure of the developed 
EWASL application, its interfaces, test environments it 
provides and its differences from the existent web penetration 
test labs. The conducted study has been completed with the 
sharing of the attained results.   

II. WEB APPLICATION VULNERABILITIES 

Network-based intrusions towards the institutions have 
given their place to web-based intrusions together with the 
power and efficiency of various network security systems such 
as security wall, intrusion detection systems (IDS) and 
intrusion prevention systems (IPS). Cyber intruders directly 
target the web applications instead of eluding the mentioned 
network systems one by one; because, the intruders could 
access to the web server and database server taking place 
behind the mentioned network security systems with a 
vulnerability they could exploit on the web applications.  

According to the security report published in April in 2017 
by Symantec being one of the most commonly known security 
companies; the ratio of the web sites in which vulnerability has 
been detected is 76% in 2014, 78% in 2015 and again 76% in 
2016 within the scans conducted on the web sites. 20% of the 
mentioned detected vulnerabilities in 2014, 15% in 2015 and 

9% in 2016 have been determined as critical vulnerabilities 
[3]. When the attained data have been examined, it has been 
observed that approximately three out of four web applications 
subjected to the scanning contain various vulnerabilities. 
According to the security report published in 2017 by 
OWASP; SQL injection, cross site scripting (XSS), file 
inclusion and file upload are the main most dangerous and 
common vulnerabilities taking place in the web applications 
[4]. 

A. SQL Injection 

If the harmful SQL expressions written in the input areas 
taking place in the web applications are placed in the dynamic 
SQL query without any additional inspection and operated in 
the mentioned query database server, it means that there is 
SQL injection vulnerability [5]. Harmful SQL commands are 
entered by the intruders to the areas such as the browser 
address bar, user login areas and search areas in which data 
input could be made in the intrusions of SQL injection and the 
data for which the intruder does not have any authority to 
display are reached [6]. 

There are 4 different SQL injections in the literature as 
basic SQL injection, Union-based SQL injection, blind SQL 
injection and time-based SQL injection. In basic SQL 
injection, various expressi
the input areas and the data not within the authority are tried to 
be displayed. In Union-
integration) command of SQL language is benefitted. Many 
data are attained from the returning error messages in response 
to the dynamic query formed with the use of union command 
[7]. What is considered in the blind SQL injection is whether 
the response given by the targeted page to the manipulations of 
the intruder is true or false. In the time-based SQL injections, 
time-themed functions of the databases are used to evade data 
from the database without any permission. 

B. Cross Site Scripting (XSS) 

The vulnerability of cross site scripting is the process of 
placing the input taken from the web application inside the 
resource code of the page to be shown to the user without any 
inspection and operating the scripts (inputs) sent by the 
intruder by the user at the end of this action [8]. 

XSS vulnerabilities are the main most dangerous 
vulnerabilities for the web applications. It may occur in many 
web applications realized with the different programming 
languages due to the fact that it is independent of the 
programming language. In XSS-based intrusions, the intruders 
include some harmful codes to the web applications. In XSS 
intrusions, intruders mainly use two methods. In the first used 
method; the input areas taking place in the page and requiring 
data entrance from the user are targeted. Search box and 
comment areas could be shown as examples for this. In the 
second method used by the intruders, XSS codes are added in 
addition to the address taking place in the URL area. 

The most common XSS vulnerability types known in 
literature are the reflected and stored XSS vulnerabilities. In 
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the intrusions realized with the use of reflected XSS 
vulnerability, the intruders generally target the input areas such 
as URL areas, search and login. The realized intrusion could 
be seen by the person realizing the intrusion. The visitors in 
the web site cannot see the mentioned attack. For this reason; 
in the reflected XSS intrusions realized on the URL area, the 
intruder tries to expand his/her URL address with various 
communication channels like e-mail [9]. 

Another XSS-based intrusion type commonly used by the 
intruders is the stored XSS intrusions. In this type of intrusion, 
the areas such as forums, comment areas and visitor books are 
targeted. The harmful XSS codes embedded by those intruding 
these areas are saved in the database. Afterwards; each user 
visiting the page in which harmful codes have been embedded 
is exposed to XSS intrusion at the moment s/he displays the 
page. 

C. File Inclusion 

The vulnerability of file inclusion provides opportunities for 
an intruder to access to the unauthorized or delicate files 
taking place in the web server or to operate harmful file in the 

mainly occurs with the transmission of the user input to the file 
inclusion commands without any convenient verification. This 
vulnerability causes to the operation of harmful codes on the 
server or to the revelation of the data taking place in the 
delicate files. There are two types of file inclusion 
vulnerabilities in literature. These are remote file inclusion-
RFI and local file inclusion-LFI [10]. 

Intruders could read and operate the files in the servers they 
target via the LFI-based intrusions. This could sometimes be 
very dangerous; because, the intruder could reach very 
important data with a LFI-based intrusion if the web server 
operates with a wrongly structured and high authority level. 
Although the RFI vulnerabilities are easier to exploit, the 
mentioned vulnerability is less common. In RFI-based 
intrusions, the intruders could implement the harmful codes 
they keep in their own systems instead of accessing to the local 
files taking place in the server they target. 

D. File Upload 

The vulnerability of file upload may occur in the web 
applications with file upload module in which the profile 
images, photos or other file attachments taking place in the 
web applications could be uploaded. In the mentioned 
vulnerability; critical processes such as data collection about 
the system and command operation could be carried out by 
loading harmful files (shell) out of the desired format due to 
the fact the secure file upload steps have not been realized 
during the file upload. In the event that only the extension and 
Content-Type information are checked while taking the files 
from the user, the intruder changes the mentioned data 
himself/herself and s/he could easily elude the security 
precautions. 

III. ETERNUS WEB APPLICATION SECURITY LAB- (EWASL) 

The increase in the number and types of the intrusions made 
regarding the web applications has increased the importance of 
the penetration tests carried out on the web applications. In our 
country; Banking Regulation and Supervision Agency (BRSA) 
has made it obligatory to conduct the penetration tests at least 
once per year for the data systems their institutions own [11]. 
After this resolution, the importance of the security experts 
having the competence to be able to carry out the mentioned 
tests has increased. Web application security labs overtake a 
very important function for the experts with the competence to 
be able to carry out penetration tests on web applications to be 
able to be raised; because, the mentioned labs provide 
opportunities for the conduction of various test trials without 
the fear of doing any harm to the web application, web server 
and database server. In addition; it provides opportunities for 
the users to conduct different types of intrusion and test trials 
due to the fact that it contains different kinds of vulnerabilities 
within the same period of time. EWASL provides serious 
advantages for the users who would like to improve 
themselves in the issue of the web application penetration tests 
via this perspective it has. 

EWASL has been developed by using modern web 
technologies of computer sciences. The interface of EWASL 
has been developed responsively with the use of Bootstrap 
CSS Framework. EWASL has been programmed with PHP 
language. PDO Library has been used for the conduction of 
database processes. MySQL database management system has 
been used for the storage of the data. 

The existent web application security lab has been 
developed in two ways. Vulnerabilities have been submitted to 
the users under separate headlines in the labs such WebGoat 
and DVWA. The users enter the page of the vulnerability they 
desire to conduct penetration test and try to solve the related 
scenarios. In the second type labs such as Mutilidae and 
Mutilidea 2, vulnerabilities are hidden in the web application. 
Because EWASL lab contains both hidden vulnerabilities and 
main vulnerabilities given under separate headlines due to its 
structure, it is included in both categories. EWASL is the only 
lab having this property in the literature. 

 

 
Figure 1: EWASL login screen. 

 
The login screen of EWASL is shown in Figure 1. The login 

panel belonging to the application has not been given directly 
in the login screen, but the user is requested to successfully 
login the application by finding it himself/herself. 

The login panel is hidden for the purpose of preventing its 
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targeting by the unauthorized intruders in some web 
applications. Panel addresses are written in robots.txt for the 
purpose of preventing the indexing of the mentioned login 
panel by the search engines and they are prevented for visits 
by the search engines. The expression /robots.txt has been 
added to the end of the application URL address for EWASL 
application to reach robots.txt file. The mentioned file content 
is shown in Figure 2. 

 

 
Figure 2: Content of EWASL robots.txt file 

 
When the file content has been examined, it could be seen that 
the extension of EWASL login panel is /secretpanel.php. 
When the URL of the application is changed as 
localhost:8000/secretpanel.php, EWASL login screen has been 
reached. EWASL login screen is shown in Figure 3. After 
finding the login screen, the users are requested to login the 

application to be able to reach EWASL web vulnerability tests. 
However; because these data will not be owned by the users in 
the eye of intruders, they need to elude the mentioned step in a 
way. 
 

 
Figure 3: EWASL login panel. 

 
The mentioned login panel has been structured in a way that 
the values entered to the areas of username and password will 
be placed to the dynamic query without any inspection. The 
users need to realize SQL injection to elude this step. Login is 
made to EWASL with admin authority by entering the 

-mail (username) and password 
parts. The screen image belonging to EWASL main screen is 
shown in Figure 4.  

 

Figure 4: EWASL main screen. 

 
EWASL provides safe software development information 

for the programmers desiring to develop web applications not 
containing the mentioned vulnerabilities by learning the most 
popular web vulnerabilities as well as providing a secure test  
environment for the users desiring to conduct penetration tests 
on web applications. Web application developers have been 
explained the main secure software development concepts 
such as input control, white list technique, blacklist technique 
and encoding. The users demanding more detailed information 
in the issue of secure software development are directed to 
OWASP site which is an open-resource security society upon 

the same part. 
When one of the vulnerabilities taking place on the left part of 
EWASL main menu is selected, transition to the page in which 
the mentioned vulnerabilities exist is conducted. For instance; 
the page containing file upload vulnerability is shown in 
Figure 5. 
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Figure 5: Test page of file upload vulnerabilities. 

 
In the mentioned panel, the vulnerability which may occur 

in file upload modules owned by many web applications today 
could be examined. The file upload module taking place in the 
test scenario shown in Figure 5 only gives the opportunity of 
loading image file to the system. As it could be examined in 
the second part, harmful files could be added to the mentioned 
modules out of the allowed formats by the intruders. If the 

related example is scripted, users firstly try to load a file with 
different extension such as Shell.php to the system. However; 
because the system only allows the loading of files with .jpg 
extension, users need to try different techniques. When the 
page resource is examined in the related example; it could be 
seen that whether the file extensions are only jpg or not in the 
web application has been checked, but the files with php 
extension have been allowed by the server. In this situation; 
when the users rename the harmful software they operate as 
Shell.php.jpg, web application allows the loading of the 
mentioned file to the system. Web proxy software items such 
as BurpSuite and Zap could be used to rename the file as 
Shell.php again by correcting its extension before going to the 
server. In this way, the file loaded to the web application with 
jpg extension could be given the extension php before 
transmission to the server and the test could be completed 
successfully. 

 

 
Figure 6: Test screens belonging to various vulnerabilities taking place in EWASL.  

 

The test screens belonging to the vulnerabilities of brute 
force, SQL injection, reflected XSS, stored XSS and file 
inclusion taking place in EWASL are shown in Figure 6. The 
users could reach the mentioned screens according to their 
names from the right panel on the EWASL main menu shown 
in Figure 4. 

When the screen images shown in Figure 5 and 6 have been 

 are existent in each vulnerability screen. 
Another opportunity provided by EWASL to the users desiring 
to gain experience in the issue of secure software development 
is that it shows the secure codes necessary to be written for the 
error codes and vulnerabilities causing to each vulnerability 
not to occur. In this way; web application developers will have 
knowledge in the issue of what kind of coding techniques they 
need to use to prevent the occurrence of main vulnerabilities 
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during the development. 

IV. RESULTS 

A web application security lab called EWASL has been 
developed in this study. It provides the opportunity to the users 
desiring to improve themselves in the issue of web application 
penetration tests for being able to conduct tests without the 
fear of doing harm to the real systems due to the fact that it 
contains main web vulnerabilities inside its developed lab. 
EWASL shows differences from the web application security 
labs taking place in the literature because of the fact that it 
submits the main web vulnerabilities both under a menu and in 
a categorized way and it requires the users to find them by 
themselves by hiding the vulnerabilities in different pages. In 
addition; EWASL gives tips in the issue of secure software 
development for the web application developers inside itself. 
Moreover; it also shows each vulnerability on the test screen, 
the harmful codes causing to vulnerability and the secure 
codes necessary to be written instead of those codes. In this 
way, web application developers could see what kind of 
coding techniques they need to use for the non-occurrence of 
the listed vulnerabilities while developing their applications. 
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Abstract - Sleep apnea, breathing during sleep at least 10 sec. 
20% below the level. Sleep apnea divides the disease into 3 in 
itself. These; central sleep apnea (CSA), obstructive sleep apnea 
(OSAS) and mixed sleep apnea (MSA). EKG, EEG, EMG, EOG, 
Respiration and PPG etc. the signals are used to diagnose sleep 
apnea. This study examined polysomnographic report records of 
humans, not OSAS patients. Evolution 1, Stage 2, Stage 3 and 
REM were used for sleeping time. Stage 1 is the stage of 
transition to sleep and sleep is superficial. In stage 2, sleep is still 
superficial, and the brain is beginning to prepare for deep sleep. 
Stage 3 is the period for deep sleep. From the time of all sleep to 
the time of waking, REM sleep is 20-25% in healthy people. In 
the study, REM compliance entries and parameters are used. 
REM sleep duration and change of the variable. A total of 50 
polysomnographic report data were used in the study. Of these, 
65% were withdrawn as training data and 35% of the data were 
used unlimitedly. Artificial neural networks and support vector 
machines were used as the classifier in the study. In the 
polysomnographic report, the duration of sleep stages (Stage 1, 
Stage 2, Stage 3) and the REM sleep history were entered in the 
classification methods. Classification method. Performance 
evaluation resulted in 81.25% with artificial neural networks, 
achievement of success, support vector machines achieved 
72.9167% success. 81.25% have the conviction that OSAS can 
successfully affect REM sleep. It is expected to help OSAS 
estimation studies. 
 
Keywords - Obstructive Sleep Apnea (OSAS), Artificial Neural 
Networks (YSA) , SVM, REM Sleep 

I. INTRODUCTION 

 The sleep apnea is a discomfort that resembles a 
simple snoring that starts with a period of respiration pausing 
during sleep. As a result of this discomfort, there are negative 
consequences such as heart attacks, irregular heartbeat, heart 
growth, paralysis and death. Indication of this disease mixed 
with simple snoring; noisy and excessive snoring, restless 
sleep, insomnia, high blood pressure, weight gain, lack of 
attention and so on. [1]. This disease, which should be treated 
absolutely, must first be diagnosed by examining the necessary 
signals with PSG. These signals are PPG signals. PPG signals 
are EKG, EEG, EMG, EOG signals. These signals can be used 
to diagnose diseases with the necessary signal processing 
methods. He only has to start using different methods for 
expensive and time consuming methods. These methods are  

 
classifying diseases such as YSA and SVM. The database was 
used by OSAS. 
 The effect of OSAS on sleep stages and the effect 
on REM sleep is the subject of this study. Sleep stages are 
divided into three. Stage 1; At this stage the person prepares 
for sleep. Body and brain functions shift to normal levels. 
Stage 2; sleep transition. One is at this stage between sleep and 
wakefulness. The stage 1 phase has been bypassed. Stage 3; 
deep sleep phase. At this stage, the person is completely fit. 
REM sleep is the period when the person is at maximum level 
of brain power. 
 The effect of OSAS disease on these stages and 
REM sleep has been examined. The review was subjected to 
separate performance evaluations using both YSA and SVM. 
 

II. MATERIAL 

 The study 
Medical Faculty Research Hospital Sleep Room data. The data 
used are for both normal and OSAS patients. Patients and 
Stage 1, Stage 2, Stage 3 and REM sleep episodes of each 
person were prepared according to the polysomnographic 
report. We have applied the normalization rule that we have 
specified in this data and have brought our values to 0/1. We 
used min-max normalization as normalization rule. 
 Data of 12 nonpatient and data of 36 patients with 
OSAS were analyzed by YSA and SVM, and the effect of the 
disease on the disease and REM sleep was evaluated. 
 

                  The program used in the study is the Weka 
program. The Weka program is a program used to analyze data 
in classifiers and decision trees used in data mining. In 1996 
the first official version was released. It is often used for 
academic research and industrial applications [2]. It is used for 
operations based on data analysis and estimator modeling [2]. 
It is easier to use thanks to its graphical interface, which makes 
it easier to use than other data mining applications. It has a 
portable application because it is used with the Java 
programming language [2].  
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 Pre-estimation, data analysis and data mining 
applications are widely used in the literature as an application 
platform. There is a hierarchical structure within itself. Also 
according to the applications used, the program makes an 
analysis in itself and puts the appropriate classifiers into the 
usable position. 
 
 
Table 1: Recipients of non-ill persons 
 

Person  Stage 1 Stage 2 Stage3 Rem 
sleep 

K1 0.7 71,5 13,3 14,4 
K2 1,3 68,6 13,6 16,5 
K3 0,5 73,9 11,7 13,9 
K4 0,4 64,3 24,2 11,1 
K5 0 61,3 27,2 11,5 
K6 0 39,6 51,1 9,3 
K7 1,4 60,5 19,7 18,4 
K8 6,2 49,1 28,8 15,9 
K9 0,6 58,3 17,4 23,7 
K10 0,7 69,3 16,7 13,3 
K11 1,5 66 23 9,5 
K12 1,9 47,2 23,5 27,5 

 
 
Table 2: The data of 20 patients 
 

Person  Stage 1 Stage 2 Stage3 Rem 
sleep 

K1 0,9 62,9 23,5 12,8 
K2 0,5 73,6 10,8 15,0 
K3 0,3 44,4 52,1 3,2 
K4 0,1 84,9 10,6 4,3 
K5 1,3 53,8 30,4 14,5 
K6 0 42,9 45,5 11,6 
K7 0 73,7 21,5 4,8 
K8 0,2 44,1 19,5 36,2 
K9 0,4 62,2 19,3 18 
K10 0,6 51,7 29,5 18,1 
K11 0,3 43,2 35,5 21 
K12 4 53,5 18 24,5 
K13 0,7 34,4 39,2 25,6 
K14 0,6 54,7 27,9 16,8 
K15 1,9 63,1 11,4 23,5 
K16 2,2 78,6 19,2 0 
K17 0,3 54,2 40,1 5,4 
K18 2,9 67,7 5,3 24,1 
K19 1,3 55,1 26,9 16,8 
K20 0 49,2 42,3 8,4 

 
 
 
 
 
 
 
 

III. METHOD 

 
     By using the Weka program used in the study, it was 
evaluated with the applications of YSA and SVM 
classification. Training and test data were returned to 0/1 by 
normalization method. The normalization method used is the 
min-max normalization method (1): 
 

 

                              (1) 
 

 
     
 
     The necessary information about the classification methods 
used is as follows: 
 

A. Artificial Neural Network (YSA) 

 Artificial neural networks aim to make the 
functions that the human brain can do to machines (computer 
systems) [3]. To these; pre-forecasting, medical procedures, 
industry, military fields. The main structure of artificial neural 
networks consists of input, intermediate and output layers. The 
number of intermediate layers or intermediate layer content is 
designed separately for each application. This is because 
determining the number of intermediate layers ensures that the 
artificial neural network can take full education. Systems that 
do not fully accomplish their education either can not learn or 
encounter memorization. Therefore, we need to design the net 
structure of artificial neural networks in the most accurate way. 
We first need to normalize the data that will be used when 
constructing the structure of YSA (2). 

 
 

              (2) 
 

 
 The data subjected to the normalization process is 
added to the intermediate layer with the addition function, the 
addition function coming from the activation function is 
processed and sent to the output layer. The majority function 
(3) is used as the total function. Sigmoid function is also used 
as an activation function. 
 

 
      

                            (3) 
 
 

                           (4) 
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B. Support Vector Machines (SVM) 

 One of the methods used outside of YSA as a 
classification method is SVM, that is, support vector machines. 
The SVM, known as the educational learning method, is one 
of the best classification methods in the literature. As test and 
learning data, the data are separated and trained to include the 
classification of the new data (test data) to which class belongs 
[4]. In order for the separated classes to be distinguished from 
each other, it is ensured that there are high level differences 
between them [5]. Thus, by using training data, it is tried to 
calculate exactly which class of new test data belongs. 
 

IV. PERFORMANCE  EVALUATION 

 Our input parameters used in the study; Stage 1, 
Stage 2, Stage 3, REM sleep is a polysomnographic report. 
Table 3 shows the performance evaluation of the effect of the 
disease on the sleep phases and REM sleep by giving 0/1 
output of OSAS patients and non-OSAS patients as an 
outcome. The performances of SVM and YSA classifiers are 
separately calculated and evaluated. The same test and training 
data were compared. 

Table 3: Performance evaluation 

Methods  Learning data 
% 

Test data 
% 

Performance % 

YSA 66 34 81,25 

SVM 66 34 72,9167 

 
 

V. CONCLUSION 

 In the study, it was investigated whether sleep 
stages and REM sleep affected negatively due to OSAS 
disease. In this application, the patient had a negative effect on 
the sleep stages and REM sleep compared to the patients who 
were not ill. In the study, two classifiers were used separately 
and the performance evaluation was made to the result of the 
study. It is seen that YSA application performs better than 
SVM application. The performance evaluations were found to 
be the closest classifier to the correct comparable results. It 
was seen that only the YSA application, which showed good 
performances when the two classifiers were evaluated 
separately on the correct result percentage, proved to be more 
accurate in this study. 
 It is known that OSAS disease is a discomfort to be 
treated. Considering the fact that it should not be confused 
with simple snoring and its negative effect on the sleep stages, 
fatigue, carelessness and insomnia are the result of this 
disease. In the absence of treatment, it can be observed that 
these effects will continue to increase due to the negative 
effects on the sleep stages and the level of REM sleep that the 
whole mind is resting. 
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Abstract - Sleep apnea is one of the most important factors of 
snoring. It is also called breathing during sleep. Depending on the 
level of apnea it is repeated many times in the night and lasts for 
at least 10 seconds. During this time, the patient's tongue root or 
tonsils grow and the airway is blocked. The most common method 
used to diagnose sleep apnea is to examine polysomnographic 
records. EKG, EEG, EMG, EOG, Respiration and PPG signals 
are examined and disease diagnosis is performed. Sleep apnea is 
divided into 3 as central sleep apnea (CSA), obstructive sleep 
apnea (OSAS) and mixed sleep apnea (MSA). Data from OSAS 
patients were used in the study. Polysomnographic records 
include the percentage of REM sleep time. REM sleep is the state 
in which dreams are seen and the human mind's activities are at 
the highest level. People with sleep apnea use a device called 
CPAP device for comfortable sleeping, getting rid of the pussy 
and opening the respiratory tract. The REM sleep levels before 
and after the CPAP device were compared in this report. Data set 
entries were used as a percentage of REM sleep time before 
CPAP and as a percentage of REM sleep time after CPAP. The 
negative result of the positive result on the Rem sleeping time of 
the CPAP device is discussed. Artificial neural networks (YSA) 
and SVM were used for the study. As a result of the study, it was 
seen that the CPAP device increased the level of REM sleep time 
by 74.41%. 
 

Keywords - Obstructive Sleep Apnea (OSAS), REM Sleep, 
Artificial Neural Networks (YSA), SVM, CPAP 

I. INTRODUCTION 

 Sleep apnea is an important neurological disorder 
caused by the airflow that occurs during respiration during 
sleep and particularly during the period of Stage 3 or REM 
sleep, lasting 10 seconds or longer and causing the sleep 
system and order of the individual to deteriorate [1]. It causes 
situations that result in death if mixed with simple snoring and 
the doctor can not diagnose the disease under the supervision 
of a doctor [2]. Polysomnography (PSG) is the most 
standardized method used to diagnose disease. With this 
method, it is determined whether patients have a simple 
snoring or a sleep apnea. Various signals are processed in 
PSG. These are the signals of heart and pulse measurements 
such as EKG, EEG and EMG. These signals are processed by 
various signal processing techniques to make estimates for 
apnea diagnosis [2]. In this study, data from the OSAS disease 
type of sleep apnea were used. This study examined whether  

 
the device called REM sleep and CPAP affects the 
performance of REM sleep in patients with OSAS (obstructive 
sleep apnea) positively or negatively. 
 REM sleep is the time interval when the human 
brain is most active. Sleep is the period of dreaming. It occurs 
between 5 and 30 minutes every 90 minutes during the 
sleeping period [3]. At the same time, metabolism and brain 
activity increase [3]. Healthy people have 20-25% of REM 
sleep periods [3]. 
 CPAP device is one of the methods used in the 
treatment of sleep apnea. Positive airway pressure is also 
reported in the literature, which was used by Colin Sullivan in 
1981 [4]. By compressing the room air by means of the CPAP 
device, it pumped up to create an adjustable pressure and air 
flow [4]. The pressure range required for each level disease is 
different because it is adjustable. Continuous positive pressure 
air flow is given to the upper respiratory tracts [4]. 
 This study investigates whether there is an increase 
in performance in REM sleep as the CPAP device is mostly 
preventing sleep apnea. These examinations were made on the 
data sets available using YSA and SVM. 

 

II. MATERIAL 

 The study benefited from the  University 
Medical Faculty Research Hospital Sleep Room data. The pre-
CPAP and post-CPAP REM sleep levels of 43 OSAS patients 
in the used data set were examined. The state of being useless 
is 1/0.The data in Table 1 obtained in the polysomnographic 
report were evaluated separately by YSA and SVM. And the 
performance results are given separately in two methods. 
 
The program used in practice is the Weka program, which is 
used especially in academic fields in data mining research. 
This program was developed by Waikato University and was 
first published in 1996 [5]. The Weka program is an 
application used in data mining and machine learning 
applications [5]. It is used in many systems such as data 
analysis and preliminary estimation applications. It has 
graphical interface. For this reason, the user provides easier 
implementation than other data mining and analysis programs. 
This makes the Weka program preferable. Academic and 
industrial sense of many uses. There is a hierarchical structure 
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in itself [5]. At the same time, after loading this program 
dataset, it deactivates those applications, classifier algorithms, 
which applications are not suitable. That is, the program 
selects the most accurate algorithms by classifying it in itself. 
 
 
Table 1: Status information for 43 people before and after CPAP 
 

Persons  Pre - CPAP  Post - CPAP  State  
K1 2,6 8,1 1 
K2 16,2 39 1 
K3 19 8,3 0 
K4 18,1 1,1 0 
K5 5,5 10,2 1 
K6 0 13,2 1 
K7 0,2 28,9 1 
K8 9,1 8,7 0 
K9 8,2 20 1 

K10 5,7 13 1 
K11 30,8 31,7 1 
K12 11,7 11,5 0 
K13 13,6 10,9 0 
K14 16,7 23,6 1 
K15 10,2 10,9 1 
K16 14,1 14,6 1 
K17 17,3 19,2 1 
K18 11,7 14,8 1 
K19 8,7 16 1 
K20 3,3 22,8 1 
K21 5,6 26,4 1 
K22 6,3 27,1 1 
K23 22,1 27,5 1 
K24 6,8 38 1 
K25 12,8 25,4 1 
K26 0,6 0 0 
K27 12,3 15,2 1 
K28 3,6 9,4 1 
K29 9,1 0 0 
K30 20 20,5 1 
K31 20,4 14,4 0 
K32 5,4 14,2 1 
K33 3,2 12,9 1 
K34 2,3 12,6 1 
K35 14,7 11,1 0 
K36 15,4 26,6 1 
K37 8,3 5,4 0 
K38 11,9 10,2 0 
K39 22,2 24,4 1 
K40 11,7 16,5 1 
K41 7,5 12,3 1 
K42 10,1 16,5 1 
K43 16 3,7 0 

 
 
 
 
 
 

III. METHOD 

 
In our practice, YSA and SVM were used as classifier. 
These methods were tried separately and the results were 
compared.The data were subjected to normalization before 
use. For this, max-min normalization rule is chosen (1). 
 

       (1) 
 

 
 
The classification methods used in the study are explained      
below: 
 

A. YSA (Artificial Neural Network) 

It is a model for adapting the learning, understanding and 
conclusion features to the machine by mimicking the 
working mechanism of the human brain [6].  
Artificial neural networks are made up of layers. These are 
the input, intermediate and output layers. The number of 
intermediate layers depends on the system to be 
implemented. The data are processed by normalization (2). 
Then, operations are performed on the data using the 
addition and activation function. In our application, tansig as 
activation function (3) and max total function (4) as addition 
function. 
 

       (2) 
 
 

                  (3) 
 
 

x: neuron, w: neuron weight    (4) 
 

B. SVM (Support Vector Machines) 

Another method that is widely used in classification today is 
SVM. It is one of the simplest and most effective methods. 
Educational learning methods are among the best methods 
used in the literature in this regard. It is a method of learning a 
machine that tries to make the most accurate prediction on new 
arrivals by using learning data [7]. It allows the classes to have 
a hyperplane to distinguish one from another [8]. Both classes 
that are separated in this way find the furthest line. In this way, 
using the training data, it finds out which side of the border the 
test data is located with the line and inserts this data into the 
border side which is determined. 
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IV. PERFORMANCE  EVALUATION 

Our input parameters used in the study are REM sleep before 
CPAP and REM sleep after CPAP and output as ineffective. 
These data were evaluated using SVM and YSA classification 
methods. The effect of the CPAP device on the REM sleep 
level in OSAS patients was assessed. Performance evaluation 
is given in Table 2: 

Table 2: Performance evaluation 

Methods  Learning data and 
test data (cross 
validation) % 

Performance % 

YSA 10 74.41 

SVM 10 67,00 

 
 

V. CONCLUSION 

Sleep is not just a rest, contrary to what you usually think. 
Behaviorally, all motor activity is reduced or limited, and 
response to stimuli is reduced by about 1/3 of our lives [3]. 
The sleeping event contains REM sleep, which reaches 
maximum levels of deep-thinking activities. REM sleep is 
more active than ever since the mind has never been. At the 
same time, the main center of relaxation occurs at this REM 
sleep level. The CPAP device used in the OSAS disease is 
trying to provide sleep at a better level. In this study, either 
this percentage increase in the incidence of REM sleep, or in 
some patients decreased detection was applied at the end of 
REM sleep device. For the discussion topic, the level of 
interaction for the OSAS patients at any level will be tried to 
be determined in future studies that are negative. 
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Abstract - In this study, it was aimed to estimate the water level 
change using the monthly average water level data of 1944-2005 
periods, Van Lake which is Turkey's largest lake. For this 
purpose, Generalized Regression Neural Network (GRNN), 
Radial Basis Neural Network (RBNN) and Support Vector 
Regression (SVR) methods are used. Different input 
combinations, consisting of different lag time series of water level 
(L) data (Lt-1, Lt-2, Lt-3, Lt-4), were used in the models established 
for estimating monthly lake levels. The performance of the models 
was evaluated using square root mean squared error (RMSE), 
mean absolute error (MAE) and efficiency coefficient (EC). 
According to the results obtained, the -SVR-M4 model with EC 
= 0.712 value for testing period was the most successful model to 
estimate monthly average water level change of Lake Van. 

 

 
Keywords - Lake Van, Generalized Regression Neural Network, 

Support Vector Machine, Radial Basis Neural Network 

I. INTRODUCTION 

Lakes that are extremely open to external influences and 
basins containing them constitute one of the most important 
components of water resources. Climate changes and various 
human activities are affecting lake water levels. Precipitation, 
flow, evaporation, drinking water supply, irrigation water and 
waters used for energy cause change of lake water level 
Changes in lake water levels cause important economic losses 
in lake environments, and sometimes even nature changes that 
are not possible to recover again [1, 2]. 

 Determination of the change in lake level is crucial for 
planning and construction work, ensuring the management and 
productivity of agricultural areas, sustaining aquatic life and 
operating drinking water facilities in lakes and their 
surrounding areas. 

Changes at the lake level can be observed regularly at 
observation stations to be installed in certain locations, or can 
be estimated using mathematical methods such as the water 
balance model. Recently, various artificial intelligence 
methods such as Artificial Neural Networks (ANN) and 
Support Vector Machines (SVM), which are used to predict 
many hydrological parameters, are also widely used in 
predicting lake levels [3, 4, 5, 6, 7, 8, 9, 10]. 

 

 
Altunkaynak [8] used ANN models for water level 

estimation and compared the results with ARMA models. As a 
result, ANN models were found to be more successful than 
ARMA models in lake water level estimation. Yadav [11] used 
a hybrid wavelet-support vector machine (WA-SVM) model to 
estimate the daily lake water change. Daily lake water level 
along with other hydro-meteorological data had been used as 
input to estimate the lake water level up to 20 days ahead. 
Various combinations of input data had been used to obtain the 
best model structure.  

Kavehkar et al. [12] used the Genetic Programming (GP) 
model to estimate the daily water level change of Urmia Lake 
in Iran and compared the results with those obtained from the 
ANN models. Khan and Coulibaly [13] used the SVM method 
in estimating the monthly mean water level of Lake Erie 
during the period 1918-2001 and compared the results with the 
multilayer perceptron (MLP) and seasonal autoregressive 
(SAR) models. Wei [14] studied the performance of traditional 
Gaussian SVM models with Wavelet SVM using two station 
data at Tanshui River Basin in northern Taiwan to estimate the 
hourly water level. Unes et al. [15] predicted daily reservoir 
levels for Millers Ferry Dam on the Alabama River in USA 
using artificial neural networks (ANN). The results of the 
optimal ANN models were compared with conventional auto-
regressive models (AR), auto-regressive moving average 
(ARMA), multi-linear regression (MLR) models. The 
comparison results show that the ANN models perform better 
than the conventional models. 

The aim of this study is to estimate the change of the 
monthly mean water level of Lake Van, the largest lake in 
Turkey, with various artificial intelligence methods (GRNN, 
RBNN and SVM). 

II. METHODS 

A. Generalized Regression Neural Network 

The Generalized Regression Neural Network (GRNN) 
proposed by Spetch and developed as an alternative to forward 
feed backward propagation algorithms does not require an 
iterative training procedure  between the input and output 
variables [16]. The GRNN method is used to estimate 
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continuous variables as in standard regression techniques. The 
network structure of GRNN is shown in Figure 1. The GRNN 
consists of four layers: 1) input, 2) pattern, 3) summation, and 
4) output layers. 

 

 
Figure 1: The network structure of GRNN 

 

In the first layer, the total number of input variables is equal 
to the number of input units. The input layer is linked to the 
pattern layer where each neuron symbolizes a training pattern. 
The second layer sends processed information to the 
summation layer through the pattern neurons. The summation 
layer consists of S-summation and D-summation neurons, 
which are connected to the pattern layer unit [17]. The sum of 
the weighted responses of the pattern layer is calculated by the 
S-summation neurons, while the D-summation neurons 
compute the un-weighted outputs. Finally, in the output layer, 
the division of the output of each S-summation neuron by D-
summation neuron gives the output value. More descriptions 
about the GRNN model can be found in the literature [16, 18]. 

B. Support Vector Machine 

For the first time, Support Vector Machines (SVMs) has 
been introduced for classification and regression type problem 
solving by Vapnik [19]. SVMs are defined as two categories 
for: support vector classification (SVC) and support vector 
regression (SVR) in the literature.  SVMs are a machine 
learning method. In traditional machine learning methods, 
there are problems of having a lot of training data, low 
convergence rate, local minimum attachment and over fitting / 
under fitting [20]. SVM is based on structural risk 
minimization and is based on these problems [21]. The idea of 
SVR is based on the computation of a linear regression 
function in a high dimensional feature space where the input 
data are mapped by a nonlinear function. The regression 
function with SVR is given in the following equation [22]. 

 

             (1) 

 
Here,  are the Lagrange multipliers, K (x, z) are 

expressed as, the inner product kernel function defined 
according to the Mercer theorem, and b is the bias value.  
  In this study, -SVR was used as SVR model. -SVR was 
proposed to introduce an alternative -insensitive loss function 
by Vapnik [19].  In SVR, the error on any training data should 

be less than  [23]. In the success of SVR, it is of great 
importance that the insensitive error constant ( ), the 
regularization constant (C) and the kernel function parameters 
are determined. However, there are no specific criteria for 
selecting the kernel function and model parameters [24]. In 
this study, radial based kernel function was used and expressed 
as follows. Here,  is the kernel parameter that provides radius 
control. The SVM architecture is shown in Figure 2. 

 

                      (2) 

 

 
 

Figure 2: The SVM architecture 
 

C. Radial Basis Neural Network 

Radial Basis Neural Networks (RBNN) introduced by 
Broomhead and Lowe [25], have an input layer, hidden layer 
and output layer (Figure 3). 

 

 
Figure 3: The network structure of RBNN 

 
However, unlike classical ANN structures, RBNNs have a 

single hidden layer where radial functions are used as the 
activation function for the network. 

The operation principle of an RBNN can be described as the 
process of determining the relationship between input and 
output by generating linear combinations of output values 
generated by these functions with appropriate weight values at 
the output layer by determining RBNNs having appropriate 
width and center values in the hidden layer depending on the 
input data [26]. 

The structure of RBNNs is similar to back propagation 
functions. The difference in RBNN, the neurons in the hidden 
layer comprise Gaussian transfer functions whose outputs are 
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inversely proportional to the distance from the center of the 
neuron.  There is also a linear activation function in the output 
layer. The network training in RBNN consists of two stages. 
Firstly, the weights from the input to hidden layer are 
determined, and then the weights from the hidden to output 
layer. The training/learning of RBNN is very fast. The 
disadvantage of RBNN is that it needs more data so that it can 
deliver as accurate results as back propagation networks [26]. 

 

III. CASE STUDY AND DATA 

Lake Van is a volcanic set that formed as a consequence of 
the explosion of Nemrut volcanic mountain within the 
boundaries of Bitlis province. Lake Van 
soda lake, and is the biggest lake of Turkey in terms of surface 
area (Figure 4). Van Lake has a surface area of 3,713 km2, a 
volume of 607 km3 and maximum depth of 450 meters (Ahlat 
and Adilcevaz) [27]. The Lake Van is shown in Figure 4. 

 
Figure 4: Lake Van and Tatvan Lake Observation Station 

 
In this study, monthly average water level data measured by 

the Electricity Affairs Administration (EIE) at the Lake Van 
Lake-Lake Tatvan observation station (GGI) (Figure 4) were 
used to estimate for the change in the monthly water level (L) 
of Lake Van. The precipitation area of Lake Van-Tatvan GGI 
is 16096 km2 and the altitude is 1648 m. The data used were 
744 data between 1944-2005 period, the first 518 months data 
for training and the remaining 226 months data for testing 
were used in the study. To estimate monthly water level, 
different lag time series of L data (Lt-1, Lt-2, Lt-3 and Lt-4) were 
used as input variables, while values of change in water level 
(L) were used as output.  In this study, level values were given 
as elevation so the values of change in level per month were 
determined by taking the differences in elevation compared to 
the previous month. 

 

IV. APPLICATION AND RESULTS 

GRNN, RBNN and -SVR was used to estimate the monthly 
change of lake water level in Lake Van. Before applying the 
artificial intelligence methods, the data were made un-
dimensional between 0.2 and 1 using Eq. 3. 

 

                                    (3)  

 
Where; Xnorm, Xi, Xmin and Xmax represent the normalized, 

observed, minimum and maximum data values, respectively. 
The models to estimate monthly average lake level  were 

obtained using four different input combinations consisting of  
different lag time series of monthly average water level (L) 
(Lt-1, Lt-2, Lt-3 and Lt-4) v and the effect of each input 
combination on water level variation was examined. Input 
combinations and the outputs are given in Table 1. 

 
Table 1: Model names and input combinations 

Model 
Names 

Inputs Output 

M1 Lt-1  
L M2 Lt-1, Lt-2 

M3 Lt-1, Lt-2, Lt-3 
M4 Lt-1, Lt-2, Lt-3, Lt-4 

 

Mean absolute error (MAE), root mean square error 
(RMSE) and efficiency coefficient (EC) criteria were used in 
evaluating the performance of established models. The 
performance criteria used in the study are described in the 
equations of 4, 5 and 6, respectively. 

 

                 (4) 

              (5) 

 

               (6) 

 
A software package known as LIBSVM Software was used 

for the -SVR method and all model applications were 
performed in MATLAB 2010b. 

The spread parameter ( ) for four different input 
combinations was tested with an increase of 0.01 in the range 
[0.01 5] to estimate the water level change with the GRNN 
technique. In the implementation of the RBNN models, the 
number of neurons in the hidden layer, which significantly 
affected the performance of the model, was determined by 1 

increments between [2 20] and spread parameter ( ) by 0.01 
increments between 0.01 and 5.  

In -SVR applications, Radial Basis Kernel Function which 
is widely used in the literature as kernel function is used. The 

error term ( ), regularization factor (C) and kernel function 

parameter ( ) affecting the performance of the SVR models 
were obtained by testing the ranges of [0.01 0.5], [1 100] and 
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[0.1 8], respectively. In the models obtained for all three 
methods, the most successful models for each input 
combination were determined according to the highest EC 
values with the lowest MAE and RMSE. As a result of these 
evaluations, the most successful network structures obtained 
for test data are shown in Table 2, MAE and RMSE values are 
shown in Figure 5, and EC values are shown in Figure 6. 

 
Table 2: The most successful model structures in testing period 

Model 
Names  

Inputs Model Network Structures 

 
GRNN 

( ) 

RBNN 
( , neuron 

number) 

-SVR 
(C, , ) 

M1 Lt-1 0.02    0.11, 6  20, 0.03, 18.8 
M2 Lt-1, Lt-2 0.02     0.34, 20  20, 0.01, 19.9 
M3 Lt-1, Lt-2, Lt-3 0.03     0.12, 20  11, 0.03, 19.9 
M4 Lt-1, Lt-2, Lt-3, Lt-4 0.03    0.14, 19  9, 0.01, 19.7 

 
According to Table 2, the initial values of the GRNN and 

RBNN models are the spread parameter values, while the 
second value in the RBNN models is the number of neurons in 

the hidden layer. The values in the -SVR network 

construction represent to C,  and  values, respectively. 
   

 

 
Figure 5: MAE and RMSE values of the most successful models 

obtained testing period 
 

The MAE and RMSE values according to Figure 5 have 
values very close to each other in all the methods used for each 
input combination. In all of the artificial intelligence methods 
used, the M4 models (Lt-1, Lt-2, Lt-3, Lt-4 input combinations) 
obtained using the lowest MAE and RMSE values were the 
most successful models. In all three methods, the M1 models 
(Lt-1 input combination) with the highest MAE and RMSE 
values in the monthly average water level change prediction 
are the models with the lowest performance. 

According to the EC values obtained for the GRNN, RBNN 

and -SVR models, the most successful input combination was 
obtained in M4 and the lowest input combination in M1 
models (Figure 6). 
 

 
Figure 6: EC values of the most successful models obtained testing 

period 
 

Among the M4 models with the most successful input 
-SVR model with the highest EC=0.712 

value with the lowest MAE=0.037 and RMSE=0.052 value 
was more successful than the other methods. GRNN models 
showed the lowest performance in all combinations. RBNN 

models and -SVR models gave almost the same result in all 

performance criteria. As a result, -SVR-M4 model with the 

values of C = 9,  = 0.01 and  = 19.7 is the most successful 
model in estimating the monthly average water level change of 

Van Lake. The scatter diagram for the testing period -SVR-
M4 is shown in Figure 7. 
 

 
 

Figure 7: Scatter diagram of -SVR model in testing period for 
Lake Van 
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V. CONCLUSIONS 

In this study, the potential use of Artificial Intelligence 
methods to model lake water levels has been investigated. For 
this purpose, monthly average water level data during 1944-
2005 belonging to Lake Van in Turkey were used.  The water 
level change values of each month were calculated by taking 
the level differences of the previous month and the models 

were obtained by -SVR, RBNN and GRNN methods. While 
the model was established, four different input combinations 
consisting of Lt-1, Lt-2, Lt-3, Lt-4 lag time series were used. 
When the performances of the installed models were 
examined, the most successful input combination in each 
method was the M4 combination, where Lt-1, Lt-2, Lt-3, Lt-4 
variables were used. The most unsuccessful results in the 
methods used were obtained in the M1 combination where Lt-
1 is used as input in the established models. The most 

successful method according to EC values is -SVR. In the 

RBNN method, the success achieved in the -SVR method is 
very close to success. In this study, the GRNN method is the 
least successful method in all input combinations.  

Estimation of water level change with appropriate accuracy 
of such models is important for studies on the management of 
water resources such as flood control, water resource 
management, recreational activities, and ecosystem 
sustainability. 
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Abstract -The decision makers in the building design stage need 

to give more importance for energy efficient solutions to improve 
the performance the building in its operational phase. In practice, 
they are expected to generate alternative designs in the early 
design stage and use complicated building simulation tools to 
estimate building energy use of these alternatives more 
accurately; however, this is a time-consuming procedure and it is 
difficult to evaluate different alternatives in the limited time of a 
design period. For this reason, emerging artificial intelligence 
(AI) algorithms are becoming popular amongst practitioners in 
the industry to study the energy performance evaluation. Their 
inherently fast nature makes AI algorithms suitable for this topic 
depending on the database generated. In this study, an Artificial 
Neural Network (ANN) is developed to estimate energy 
performance of the buildings efficiently based on a previously 
generated dataset including building properties and energy loads. 
The ANN is constructed based on different network topologies, 
activation functions and learning rates combinations to provide 
more accurate results on heating and cooling loads. The results of 
the study are presented and compared with the results in the 
previous studies. It shows the right parameter combination for 
ANN generates quite competitive results with the ones from the 
previous studies. 

 
Keywords - Energy efficiency, energy performance analysis, 

artificial intelligence, artificial neural network 
 

I. INTRODUCTION 

There has been a considerable increase in the energy 
consumption thanks to the improvements in technology and 
increase in the world population and industrial activities. 
Buildings share one of biggest piece of this increased energy 
pie which is estimated to be nearly 40% of global energy 
consumption [1]. This increase in the last few decades 
regarding buildings stems from the increased need for heating, 
ventilation and air conditioning, which plays an important role 
in regulating the indoor climate and is responsible for the most 
of the energy use in these buildings. Therefore, it has become 
one of the trending research topics considering the increased 
energy waste that has raised concerns on global warming and 
other environmental problems. 

Estimation of building performance plays a prominent role 
to analyze the building performance comprehensively for 
proposing energy-efficient solutions. Various approaches have 
been developed to estimate building energy performance such 
as (i) engineering calculations, (ii) field measurement based 
statistical approaches, (iii) hybrid approaches and (iv) artificial 

intelligence (AI) algorithms [2,3]. Engineering calculations 
simulate the physical behavior of the building system and its 
interactions with environment into thermo-dynamic equations 
to estimate building energy use [4]. Field measurement based 
statistical approaches directly use measured energy data 
obtained via detailed monitoring or utility bill disaggregating 
estimation to estimate building performance. Hybrid 
approaches combine both calculation and measurement based 
estimation. For these approaches, also called white box or 
forward approaches, design parameters which influence 
building performance are determined in advance. Then, using 
some mathematical operations, building energy performance is 
estimated as an output of the analysis. On the other hand, for 
the conditions where design inputs and energy performance 
outputs are known, AI algorithms aim developing black box 
best-fit models to maximize model accuracy based on these 
known set of inputs and outputs. 

Chari and Christodoulou [5] state that selecting which 
estimation approach to use for the analysis depends on the 
conditions considering data availability, time efficiency, cost-

these parameters also determine the the detail level of energy 
model and the accuracy level of analysis. For instance, 
building energy simulation tools as engineering calculation 
simulators such as EnergyPlus, TRNSYS and Ecotect include 
various features and capabilities to simulate building 
performance in detail. Therefore, they require a high level of 
knowledge on the behavior of physical building system and 

ion of an energy model 
accurately based on various factors such as weather conditions, 
especially the dry-bulb temperature, the building construction 
and thermal property of the physical materials used, occupancy 
conditions, sub-level components such as lighting, Heating, 
Ventilating, and Air-Conditioning (HVAC) systems, their 
performance and schedules. Therefore, assumptions based on 
considerable amount of missing data or drawing details 
fluctuate the accuracy level of the energy analysis. On the 
other hand, AI algorithms only need design inputs and energy 
use outputs to construct the models. Moreover, establishment 
of a detailed energy monitoring system for the existing 
buildings is quite expensive and time-consuming compared to 
analyses according to the engineering calculations and AI 
algorithms although the measured data offer the most accurate 
energy performance result. However, use of similar measured 
data with design parameters via statistical models and AI 
algorithms is quite time-efficient and cheaper compared to the 
measured one. Furthermore, to optimize building energy 
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performance in the design stage or in retrofit projects, 
numerous analyses are required to compare efficiency of 
design alternatives. For the measurement based analysis, 
availability of all design alternatives is quite improbable or too 
expensive. On the other hand, analysis of detailed energy 
model of a complex building for all design alternatives 
requires a considerable amount of time. Therefore, availability 
of inputs (design parameters) and outputs (measurement or 
analyses based energy use data) makes the application of AI 
algorithms both easy and relatively fast compared to 
simulation based analyses.  

AI algorithms can offer time efficient [6] and cost effective 
solutions depending on availability of data sets. A well-trained 
AI prediction model can be used to (i) estimate performance of 
new design alternatives or (ii) use of constructed model to 
evaluate various alternatives for energy-efficient building 
design. In the early design stage of new buildings, the designer 
can use AI algorithms to generate best-fit model via (i) using 
measured datasets of similar existing buildings to compare its 
results with energy simulation model results for accuracy 
evaluation of these two approaches or (ii) using energy 
simulation inputs and results to check  whether accuracy level 
of the model is suitable  (a) to estimate performance of new 
design alternative or (b) to use constructed model for fast 
optimization in the design stage due to time limitation. 

Multiple linear regression models construct a mathematical 
relationship between several independent input variables and 
energy use variable(s). Thanks to its less computational time 
requirement and without the need of any parameter tuning, the 
model is applicable to long-term building energy use 
estimation [7]. On the other hand, nonlinear behavior of an 
energy model limits the performance of this statistical 
regression method significantly. Therefore, in this study, a 
Artificial Neural Network (ANN) based method was 
developed to estimate the energy performance of the buildings 
efficiently based on a dataset previously generated via building 
simulation tool Ecotect. The ANN was constructed using 
different configurations of various topologies, activation 
functions and learning rates. The obtained results were 
presented and compared with the results in the previous studies 
to discuss this performance of the ANN based approach on 
energy efficiency analysis of the buildings. 

 

II. ARTIFICIAL NEURAL NETWORKS 

ANNs are nonlinear learning algorithms inspired from 
human brain, in which complex relationships between inputs 
and outputs are modeled. Typical ANN consists of three 
layers, input, hidden and output layer, respectively. In each 
layer, there are interconnected artificial neurons including an 
activation function, which transforms input to its output 
activation. Different activation functions and the alternatives 
of hidden layer and neuron count would construct distinct 
ANN topologies, which can be applied to variety of problems. 

Due to their effective non-linear problem solving 
capabilities, ANNs are one of the most common AI tools to 
estimate building energy consumption.  According to Kumar et 
al. [6] ANNs generate more reliable results compared to 

traditional simulation models and regression techniques. 
Therefore, there are numerous studies which utilize ANNs to 
analyze various types of buildings in terms of heating and 
cooling costs, electricity consumption, and HVAC systems.  

One of the first ANN models to estimate the required 
amount of heating energy is developed by Kalogirou et al. [8]. 
Their model is a neural network trained with the consumption 
data of 225 buildings using back propagation. There are 
several studies which use the same model to estimate heating 
energy requirements of various types of other buildings [8, 9]. 
Later, a study by Olofsson and Andersson [11] presented a 
model to estimate the annual heating costs of a building by 
using measurements in a few weeks. The accuracy of the 
prediction model is especially high in cases of single family 
buildings. 

For estimating the cooling demands of buildings, Yokoyama 
et al. [12] provided a back propagation neural network based 
approach. To identify the model parameters for the neural 
network, they proposed a global optimization method called 
modal trimming. Kreider et al. [13] developed a model based 
on a recurrent neural network, using hourly energy 
consumption data to estimate future energy needs for the 
heating and cooling. Using this model, Ben-Nakhi and 
Mahmoud [14] estimated cooling load of three buildings for 
2001 using data obtained throughout 1997-2000. Kalogirou 
[15] and Yan and Yao[16] used a neural network to estimate a 

conditions. 
Martellotta et al. [17] generated alternative designs based on 

building features, heating/cooling set points and occupant 
behaviors and simulates them via EnergyPlus to obtain hourly 
heating energy and electricity requirement  for producing data 
sets to construct ANN model. The model predicts heating 
energy efficiently; however, addition of electricity effect, its 
accuracy worsened although it still generates reasonable 
results. 

In addition to the estimation of energy demand due to 
heating and cooling systems, there are ANN models proposed 
to estimate the general electricity consumption of buildings. 
Javeed et al. [18] developed a model to correlate electricity 
consumption with the weather and the occupancy of the 

[19] studied on 
a feedback based ANN to estimate hourly energy consumption 
in residential buildings. On the other hand, Azadehet al. [20] 
offered a model to estimate the annual electricity demand of 
energy intensive manufacturing buildings. There are also 
models tailored for office buildings in addition to industrial 
and residential buildings. Wong et al.[21] used an ANN model 
to estimate the electricity usage for cooling, heating, and 
lighting for office buildings with day-lighting controls in 
subtropical climates. 

ANNs can also be used for the optimization of HVAC 
systems. Hou et al. [22] estimated air-conditioning load in a 
building, whereas Lee et al. [23] tried to detect and diagnose 
failures in the HVAC system. Aydinalp et al. [24] investigated 
the use of neural networks to estimate appliance, lighting and 
space cooling energy consumption in Canadian residential 
sector. In their follow-up work, neural network models were 
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developed to estimate the space and domestic hot-water 
heating energy consumptions in the same sector [25]. 

III. METHOD 

In this study, among the various neural network types, a 
multi-layered feed forward neural network is implemented. 
This neural network is trained using back-propagation 
algorithm. 

Implemented algorithm is capable of building a network 
according to the given configuration. Configurable topological 
parameters are the number of hidden layers and the number of 
perceptrons in each hidden layer. For instance, <4,8> 
represents two hidden layer network in which there are four 
percentrons in the first layer and eight perceptrons in the 
second layer. Other parameters are activation function types 
and learning rates. 

Combinations of all four parameters were applied to the 
network for the same dataset to select best configuration(s) of 
parameters which minimize the error between estimated and 
expected outputs. 24 different solution sets presented in Table 
1 including 4 topologies, 2 activation functions with 3 
different learning rates are generated 

Table 1: Configurable parameters and options 

Topologies  Activation functions Learning 
rates 

<12> 
<20> 
<4,8> 

<3,5,8> 

Linear:  

Sigmoid:
1

1
x

y( x )
e

   

0.001 
0.01 
0.1 

 
Activation functions which are available in the algorithm are 

linear and sigmoid functions. Feature values are all normalized 
to [0, 1] range to avoid divergence of weights. When using 
linear activation function, there is no need to normalize output 
values since linear functions can generate in the range of real 
numbers. However, when sigmoid function is chosen, the 
results are expected to be in the range of [0, 1]. Thus, 
activation function is not applied in perceptrons of the output 
layer. Therefore, the results generated by the network is not 
squeezed in between 0 and 1. 

The best parameter set is determined by using Mean 
Absolute Error (MAE) as in (1). This metric is calculated 
using the average absolute differences between estimated 

( )iy and expected ( )iy  output results. 

1

1 N

i i
i

MAE y y
N

                             (1) 

 

IV. DATASET 

A previously generated data, which was created by Angeliki 
Xifara and processed by Athanasios Tsanas, was used in this 
study [26]. The dataset consists of 768 examples of building 
energy analysis results which were obtained using 12 different 
building shapes. The buildings differ from each other 
considering their glazing area, the glazing area distribution, 

and the orientation, amongst other parameters. The analyses 
were performed in in Ecotect software. In each analysis, 
heating and cooling load of the buildings are simulated using 
eight distinct features summarized in Table 2. 

Table 2: Mathematical representation of the input (X) and 
output (Y) variables 

X1 Relative Compactness 
X2 Surface Area 
X3 Wall Area 
X4 Roof Area 
X5 Overall Height 
X6 Orientation 

X7 Glazing Area 
X8 Glazing Area Distribution 
Y1 Heating Load 

Y2 Cooling Load 

 

V. RESULTS AND DISCUSSION 

In this study, 4-fold cross-validation was applied to 
calculate the results of each combination to avoid fluctuations 
due to data order. The dataset were divided into four folds 
randomly and three of them were trained by ANN and tested 
with the remaining one. After applying this process for each 
fold, average accuracy of these folds result in the accuracy of 
the model built. 

Among 24 trial solutions, the best results were obtained for 
the solution with <20> topology, sigmoid activation function 
and 0.01 learning rate parameter settings. It estimates heating 
and cooling loads with 0.35 and 0.8 error values. Other results 
considering combinations of topologies and activation 
functions and learning rates for best solution of these 
combinations are presented in Table 3.  

Table 3: Configurations and their MAE results 

Topology  Activation 
function 

Learning 
rate 

MAE 
Heating 

Load 

MAE 
Cooling 

Load 
<12> Sigmoid 0.01 0.46 1.12 
<20> Sigmoid 0.01 0.35 0.80 
<4,8> Sigmoid 0.01 0.68 1.33 

<3,5,8> Sigmoid 0.001 1.52 1.07 
<12> Linear 0.01 2.18 2.36 
<20> Linear 0.01 2.18 2.36 
<4,8> Linear 0.001 2.16 2.42 

<3,5,8> Linear 0.001 2.16 2.42 
 
The results indicate that heating and cooling load show 

nonlinear behavior; therefore, they can be modeled more 
efficiently with sigmoid activation function compared to the 
linear one. Moreover, topology does not directly determine the 
accuracy of the model. For heating load, as number of layers in 
the topology increases, ANN works more efficiently with 
linear activation functions while its performance worsens with 
sigmoid function. Therefore, synergy between topology and 
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activation function plays more prominent role in the accuracy 
improvement of the model. On the other hand, ANN generates 
more accurate solutions with smaller learning rates (0.01 and 
0.001) whereas higher learning rate (0.1) decreases the 
convergence ability of the model for this dataset. 

In previous studies, Tsanas and Xifara [26] developed a 
comprehensive framework to estimate heating and cooling 
loads using same dataset. They calculated the results using two 
different methods namely, Iteratively Reweighted Least 
Squares (IRLS) and Random Forests (RF). Performance of 
proposed ANN is compared with these two methods and 
presented in Table 4. The comparison demonstrates that, ANN 
generates competitive results and shows superior performance 
compared to both methods. 

Table 4: Comparison of methods using MAE values 

Objective   Proposed 
ANN 

IRLS[26] RF[26] 

MAE 
Heating Load 

0.35 2.14 0.51 

MAE 
Cooling Load 

0.80 2.21 1.42 

 

VI. CONCLUSION 

In this paper, we proposed an ANN model to provide fast 
and accurate building energy performance estimation by 
adjusting topologies, activation functions and learning rates of 
the model. The ANN generates comparable results to other AI 
algorithms. In the future studies, parameter set can be extended 
by implementing different activation functions and topologies 
to improve efficiency of the ANN. Moreover, deep learning 
algorithms can be applied to a more extensive dataset to see 
how efficiently deep learning works in building energy 
estimation. 
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Abstract - Blood can be considered to be one of the most basic 
elements of life, which can only be sourced by a human being 
whenever needed. Therefore, it is a sign of sacrifice to donate 
blood with the intention of meeting the needs of other individuals. 
When there is an urgent need for blood donation so that a person 
can maintain a healthy life, it is necessary to reach at donors as 
quickly as possible. In this study, it was aimed to bring together 
the individuals who want to donate blood in emergency situations 
and the individuals who are looking for blood. A blood donation 
application that can run in Android environments, which is one of 
the most common mobile operating systems today, has been 
developed. The application aims to bring together the volunteers 
wishing to donate blood with the individuals who are in need of 
blood, based on the province and district they are located in 
Turkey. 
Keywords - Android, Blood Donation, Application Development 
 

I. INTRODUCTION 

Blood can be considered to be one of the most basic 
elements of life, which is produced and used by the body. 
Despite all the innovations both in the field of medicine and in 
the field of technology, an element of metabolism that is 
equivalent to human blood, has not been presented as an 
alternative, yet. Therefore, the need for blood can emerge in 
the event of an accident, during a major surgery, in a variety of 
blood diseases and in many other cases. In such a case, the 
blood is taken from a healthy person and transfused to the 
person in need of blood, which is defined as "Blood Donation" 
[1]. 

It is a sign of sacrifice to donate blood with the intention 
of meeting another individual's need for blood. This sacrifice 
is a result of the instinct to do favor to others. Blood donation 
is a voluntary act for which one expects no return [2]. It is 
necessary to increase the number of individuals who can 
voluntarily donate blood on a regular basis to meet the needs.  
The planning required to meet the current need at the fastest 
rate is a social obligation, indeed. The efforts to provide the 
blood and blood products needed are defined as the "national 
blood program" [3].  

Within the frame of the national blood program, Turkey 
started operating the first blood donation centers under the 
body of the Turkish Red Crescent in 1957 in Istanbul and 
Ankara. While the percentage of the satisfaction of the need 

for blood was around 20% in the early years, this rate has 
reached 80% today. In cases where the need is not met, 
hospitals find alternative solutions such as blood exchange and 
compulsory blood donation as required by the need for flood. 
While the proportion of individuals making voluntary blood 
donations in developed countries is 5% of the total population, 
it is 3.6% in Turkey [4]. As the proportion of the number of 
blood donors is low compared to the total population, there is 
the increased risk of not being able to meet the needs for 
blood.  

In the first stage of this study, the researches where 
mobile applications were developed to bring together the 
benevolent blood donors and the persons in need of blood, 
were reviewed. In the second part of the study, the applications 
reviewed in the literature were evaluated to develop a mobile 
application that can run on Android platforms. In the last part, 
the further developmental stages of the application were 
discussed. 

II. EXAMPLES OF BLOOD DONATION APPLICATION 

In this part of the study, examples of mobile applications 
in the literature on blood donation and blood need will be 
examined. 

Turhan (2012) offers a location-based blood donor query 
in the blood donation application, which he named as 'RhPP' 
[5]. The user login screen of the application is shown in Figure 
1. 

 
Figure 1: RhPP Login Screen [5] 
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As soon as the application is entered, it automatically 
updates location information at specific intervals. The 
application screen, where the update frequency is defined, is as 
shown in Figure 2. 

 

 
Figure 2: RhPP location update screen [5] 

 
When the individual in need of blood is matched with the 

individual by the application, the location information of both 
users is shared with each other. The screen image showing the 
distance between them can be seen in Figure 3. 

 

 
Figure 3: RhPP user matching screen [5] 

 
In the application they developed, Kurlekar et al. (2017) 

created a registration screen for the user who wants to donate 
blood [6]. This screen is as shown in Figure 4. 

 
Figure 4: Blood donation volunteer registration screen [6] 

 
The registration screen of the application for the user 

who is looking for blood is shown in Figure 5. 
 

 
Figure 5: The registration screen for the user who is looking 

for blood [6] 
 

The application has a database of blood donors and the 
users looking for blood. The screen for data query is as shown 
in Figure 6. If the users are matched, the application sends a 
text message. 

 

 
Figure 6: Data query screen [6] 
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In the application they developed, Sundarde et al. (2015) 

aimed to form blood donation teams [7]. An example from 
blood donation teams is shown in Figure 7. 

 

 
Figure 7: Blood donation team joining screen [7] 

 
Blood donors in the team will score points for their team 

with each donation. The score chart of the application is shown 
in Figure 8. 

 

 
Figure 8: Blood donation team score chart [7] 

The application offers small rewards to blood donation 
teams that rate high. The rewards screen is as shown in Figure 
9. 

 

 
Figure 9: The Rewards Screen [7] 

III. APPLICATION DEVELOPMENT 

Following the review of the applications in the literature, 
the application development stage came. The user registration 
screen of the application is as shown in Figure 10. 

 
Figure 10: User registration screen 

 
The login screen of the application is shown in Figure 11. 
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Figure 11: User login screen 

 
Users who sign into the application can make province, 

district and blood group-based query. If a matching blood 
donor is found as a result of the query, his/her name, surname 
and phone number information are displayed on the screen. 
The query screen is as shown in Figure 12. 

 
Figure 12: Query screen 

 
 

 

IV. CONCLUSION AND RECOMMENDATIONS 

In this study, three applications that bring together the 
blood donors and the ones looking for blood, were examined 
and a relevant application was developed.  

The following updates are envisaged for the future 
versions of the developed application. 

 Enabling communication via the application instead of 
providing the phone number information of the blood donor. 

 Enabling query by using the location service 
 Updating registration information 

Encouragement of the use of mobile applications is 
recommended since it will be possible to reach a greater 
number of individuals through these applications in cases 
where the need for blood cannot be met. 

 

REFERENCES 

[1] 
den Kan 

 20(1):41-55, 2006.  
[2] zkan, Y., & Y

 " , 
20(20). 

[3] Kaya, E., S

incelenmesi. Cankaya University Journal of Arts and Sciences, 1(7). 
[4] http://www.kanver.org/sayfa/e-kutuphane/dunyada-ve-turkiye-de-kan-

bankaciligi/43 -  
[5] Turhan, 

Department of Computer Engineering, Galatasaray University, Istanbul, 
TURKEY, 2012. 

[6] Kurlekar, S. P., Pranali, K., Komal, R., Shrutika, M., & Aishwarya, M. 
(2017). Andriod APP for Quick Access of Blood Bank. Journal of 
Embedded Systems and Processing, 2(1). 

[7] Sundarde, C., Jain, S., Shaikh E., (2015), Advancement of Blood 
Donation Application, online: 
http://www.academia.edu/download/40610251/AdvancementofBloodDo
nationApplications.pdf 

 
 

213 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 

Abstract - Software-Defined Networking (SDN) is a network 
paradigm that facilitates network management by combining 
control functions on a centralized controller and enables network 
innovation with network programmability. Network testing 
environments are needed for developing novel solutions that are 
developed by utilizing the opportunities provided by SDN which 
contributes significantly to the future internet. There are many 
simulation and emulation software tools available in the literature 
that provide the necessary testing environment. In this study, a 
feature-based comparison of these tools is done features in terms 
of testbed mode, emulation approach, scalability, real controller 
support, etc. 
 

Keywords  Software-Defined Networking, emulation tools, 
simulation tools, OpenFlow.   

I. INTRODUCTION 

OFTWARE Defined Networking (SDN) [1], is a new 
network paradigm that enables network devices to be 

managed by a centralized software controller. The purpose of 
SDN is to simplify network management and contribute to 
network innovation by enabling the capability of network 
programming [2]. The SDN architecture separates the control 
and data planes, which are the vertical integrations in the 
traditional networking devices, and moves the control functions 
to a central controller [3]. In the SDN architecture, it is 
important to provide communication between the central 
software controller and the data plane devices. OpenFlow  [1, 
4] is the protocol that emerged as a solution to this need by 
defining the messages between the controller and switches, and 
the internal structure of the switches. In SDN environments, 
because the control logic is managed entirely by the SDN 
controller, new controller implementations must be thoroughly 
tested and flawed before they are used in the targeted 
production networks [5]. 

There are several different approaches to testing the 
correctness and performance of a newly developed protocols in 
networks [7]. The first one is the necessity of performing tests 
on an experimental testbed, where the experimental 
environment created using real devices which are very 
expensive and thus, they cannot be used by most users. A 
second approach is the simulation which models the real 
devices and functions in a software environment. It is accepted 
by many users for reasons such as the use of simulation is 
scalable, low cost and fast compared to real time. An important 
disadvantage of using simulation is that results may differ  

 
significantly from experimental results if real devices and 
functions are not realistically simulated [6]. The third and final 
approach is emulation, which allows real devices and 
applications to be used and interaction between simulated 
devices. 

Various simulation and emulation software have been 
developed to test applications developed for OpenFlow-enabled 
networks since the SDN architecture has come to the fore.  
These software tools have different characteristics as well as 
similar aspects. In this study, a feature-based comparison of 
certain simulation and emulation tools is made and a short 
review is presented depending on their problems or limitations. 

The paper organized as follows. The SDN architecture is 
explained in Section2. In Section 3, the feature-based 
comparison of the simulation and emulation tools on SDN-
based networks is done. In the last section, concluding remarks 
are stated. 

II. SOFTWARE-DEFINED NETWORKING ARCHITECTURE 

The definition of SDN according to Open Networking 
Foundation (ONF) [7] is a new architecture that separates 
network control and forwarding functions from each other by 
making available the network control to be directly 
programmable and the infrastructure to be abstracted for 
network services and applications. In such an architecture, 
infrastructure devices act as simple forwarding engines that 
handle packets arriving according to several rules produced 
instantaneously by a controller in the control layer in 
accordance with pre-described program logic. The controller 
usually operates on a distant server and communicates over a 
secured connection through the forwarding elements employing 
a number of standardized instructions. ONF offers a top-level 
architecture that divides SDN vertically into three main 
functional layers  [8]. 

 Infrastructure Layer: This layer, called as the data plane 
as well, is composed of Forwarding Elements that 
comprise physical and virtual switches which can be 
accessed by an open interface. 

 Control Layer: This layer, also called as the control plane, 
is composed of a certain number of software-based SDN 
controllers that provide united control functionality over 
open APIs to manage network forwarding behavior over 
an open interface. Three different communication 
interfaces permit controllers to cooperate with each other: 
Southbound, Northbound, East/Westbound. 
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 Application Layer: This layer is composed mainly of 
end-user applications which use SDN communication 
and network services. 

 
In Figure 1, some key parts of this architecture such as the 
infrastructure layer, the control layer and the application 
layer, and the communication interfaces between these three 
layers is illustrated in detail. 
 

 

Figure 1: SDN Architecture 

 
The forwarding elements (usually switches) must support a 

southbound API (usually OpenFlow) in order to be useful in the 
SDN architecture. The OpenFlow-enabled switch can be 
divided into three fundamental elements [1]. These elements are 
hardware layer (or data path), software layer (or control path), 
and OpenFlow protocol: 

 The data path consists of one or more flow tables and a 
group table that perform packet search and forwarding. 
A flow table consists of flow entries associated with 
actions which tell how to handle the flow. The flow 
tables are usually filled in by the controller and allow to 
describe supplementary techniques of flow control. 

 The control path is a channel that links the control to the 
switch for programming and signaling goals. 
Commands and packets are interchanged via this 
channel by employing the OpenFlow protocol. 

 The OpenFlow protocol allows communication 
between switches and controllers. Modified messages 
can contain information such as received packets, sent 
packages, statistics gathering data and the actions to be 
performed in certain flows ... etc. 

III. SDN-SUPPORTED SIMULATION AND EMULATION TOOLS 

A. Emulation Tools 

The aim of using simulation and emulation software is to 
build prototype of the network and test it at minimum cost 
without the need for physical devices. Many simulation and 
emulation tools were developed to simulate and emulate the 
switches which support OpenFlow protocol and SDN protocols. 

The first study is Mininet [9] which focus on emulation of 

the SDN. Its main purpose is to afford a fast and simplicity for 
prototyping and evaluating SDN protocols and other controller 
applications. Mininet uses software-based OpenFlow switches 
in virtualized containers and in this way, provides the precise 
equivalent semantics of hardware-based OpenFlow switches. In 
other words, the controller or its applications implemented and 
tested in Mininet can be deployed in a real OpenFlow-enabled 
network without the need of any modification.  

Mininet-HiFi [10] is developed on top of Mininet by 
improving the Container-Based (lightweight) Emulation which 
is an environment of switches, links, and virtual hosts runs on a 
modern multi-core server, using real application and kernel 
code with software-emulated network components.  Mininet-
HiFi includes mechanisms to impose resource provisioning, 
performance isolation, and precise monitoring for performance 
fidelity by using lightweight, OS-level virtualization methods. 
The improvement of the reproducibility of networking research 
is among the main purposes of Mininet-HiFi. 

Mininet-WiFi [5] is a solution to emulate wireless SDN 
networks supporting high-fidelity experiments that imitate real 
networking environments. It is developed by extending the 
well-known emulator Mininet by adding the virtual wireless 
stations and access points built on the very popular Linux 
wireless device driver to the emulation platform in a way that 
will not compromise that the lightweight virtualization software 
architecture and the unique SDN abilities.  

Mininet CE [11] and SDN  Cloud DC [12] are implemented 
by extending Mininet to support large-scale network 
simulations. Because the natural restriction of Mininet 
consisting up to 2000 nodes in the emulated network makes an 
original form of Mininet barely applicable in the Global 
network, Mininet-CE tries to solve this limitation by placing 
upper level software over Mininet that could combine several 
separate instances of Mininet into one Cluster, which is virtual 
or physical machine with Linux Operating System.  

SDN Cloud DC [12] is a novel framework permitting to 
implement and evaluate new OpenFlow supported controllers 
for Cloud Datacenters.  The framework is developed by 
enhancing both Mininet and POX controller with all the 
software modules required to emulate novel management and 
control network resources (SDN-based intra-DC network) 
policies of IT such as network traffic generation, DC topology 
discovery, etc. 

Recently, the emulation platforms based on distributed 
approach were proposed in order to enable large-scale 
experiments. One of these is MaxiNet [13] which is developed 
by improving Mininet to extend over an emulated network over 
numerous physical machines. In this way, several thousand 
nodes can be emulated and this allows large scale network (e.g. 
data center networks) experiments. 

Another emulation platform based on distributed approach is 
Distributed OpenFlow Testbed (DOT) [14], which allows 
provisioning the emulated network through a cluster of physical 
or virtual machines. The platform of DOT offers promised 
network and computing resources for the emulated elements 
(i.e., switches, links, and hosts) different from Mininet and thus
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Table 1: The feature-based comparison of emulation and simulation tools  

Name 
Testbed 
mode 

Emulation 
Approach 

Programming  
Language 

OpenFlow 
version 

Scalability  
(Targeted 
Networks) 

Real 
Controller 
Support  

GUI 
Support 

Price 

Mininet [9] Emulation Centralized Python 1.3 
Middle 
(up to 2000 nodes) 

Yes Yes Free 

Mininet-
HiFi  [10]   

Emulation Centralized Python 1.3 Large  Yes Yes Free 

Mininet-
Wifi [5] 

Emulation Centralized Python 1.3 
Middle 
(Wireless 
Networks) 

Yes Yes Free 

Mininet-
CE   [11] 

Emulation 

Centralized 
(Multiple 
Mininet 
instances) 

Python 1.3 Large Yes Yes Free 

SDN Cloud 
DC [12] 

Emulation Centralized Python 1.3 
Large  
(e.g. DC networks) 

Yes  
(POX) 

Yes Free 

MaxiNet 
[13] 

Emulation 

Distributed 
(Multiple 
virtual 
machines) 

Python 1.3 
Large 
(e.g. DC networks) 

Yes Yes Free 

DOT  [14] Emulation 

Distributed 
(Multiple 
virtual 
machines) 

C++ 1.3 

Large 
(e.g. DC networks, 
wide-area 
networks) 

Yes Yes Free 

ns-3  [15] Simulation - C++ 0.8.9 Large No Yes Free 

fs-sdn  [16] Simulation - Python 1.3 Large Yes Yes Free 

Estinet  
[17] 

Emulation 
& 
Simulation 

Centralized C/C++ 1.3 
Large 
(also Wireless 
networks) 

Yes Yes Commercial 

can simply scale with network traffic volume and network size 
to emulate such as large data centers and wide-area networks. 

B. Simulation Tools 

Because the OpenFlow-enabled switches are incorporated to 
ns-3 simulation platform [15], which is recent version of ns-2, 
it can be used to simulate OpenFlow-enabled networks. It 
allows the configuration of switches via OpenFlow API. It 
currently supports OpenFlow 0.8. 

Another simulation tool is fs-sdn [16], which is developed by 
extending the fs simulation engine [18] by integrating 
OpenFlow-enabled controller and switching elements. The 
main purpose of this simulator is to concentrate the problem of 
prototyping and evaluating newly developed SDN-supported 
controller applications precisely, quickly, at large scale, thus 
allowing simple transition to real-world controller software like 
POX [19] and NOX [20]. 

The last one is EstiNet [17], which is commercial network 
simulation program. It has the characteristics of both simulator 
and emulator tools all together, and is used to test the functions 
and evaluate the performances of OpenFlow-enabled networks 
and controller applications. The main idea of EstiNet is to use a 
unique kernel reentering simulation methodology to enable 
unchanged real applications to function on nodes in its 
simulated network [21]. Therefore, real controllers such as 
NOX/POX [19, 20] or Floodlight [22], can smoothly operate on 
a host in an EstiNet simulated network to command hundreds 

of simulated OpenFlow-enabled elements. Because EstiNet 
uses real-world OpenFlow controllers, network applications, 
and TCP/IP protocol stack, it produces accurate, and 
reproducible SDN-based controller application performance 
results. 

IV. CONCLUSION 

Several emulation and simulation tools are developed to test 
and evaluate SDN-based networks. We concisely review them 
by comparing the features in terms of testbed mode, emulation 
approach, scalability, real controller support, etc. According to 
feature-based comparison, Mininet is most appropriate solution 
to middle scale networks. On the other hand, the tools such as 
Mininet-CE, SDN Cloud DC, MaxiNet, and DOT are mostly 
suitable for large scale networks. Because the limitations of ns-
3 such as only supporting outdated OpenFlow version, and not 
supporting external controller, it is not suitable to model 
updated SDN environments. Estinet is most suitable tool, 
because it can be used to model both wired and wireless 
networks beside the disadvantage of being commercial. 

As a future work, we plan to make performance-based 
comparison of these tools under specific scenarios.  
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Abstract - Ten years ago, it was not foreseen that there would 
be such a huge increase in the use of mobile phones and that there 
would be a wide variety of competitions that can compete with 
today's applications. We can understand that the increase in the 
interest of most adults in mobile applications should not lower 
their mobile phones from their hands; which clearly demonstrates 
how mobile phones penetrate people's lives and how today's 
society has become an inseparable part. Ever since the 
development of smartphones, people are more and more 
interested in getting new applications and games every day. In 
our work, a classification study has been conducted to determine 
what activities people have through smartphones. In our study, 
the Human Activity Recognition database was built from the 
recordings of 30 study participants performing activities of daily 
living (ADL) while carrying a waist-mounted smartphone with 
embedded inertial sensors. The objective is to classify activities 
into one of the six activities performed. Artificial neural network 
(ANN) was used for classification and R = 99,942%. This is a high 
success for classification. 
 

Keywords - Smartphone, Human Activity, ANN 

I. INTRODUCTION 

Mobile communication is now widely recognized as a 
technology leader and solution provider in urban areas and 
remote locations all over the world. As of the end of 2011, 
universal mobile connections reached a value of 6 billion, 
which is comparable to 87% of the world population. On the 
other hand, these values, which were 5.4 in 2010 and 4.7 
billion in 2009, show a considerable increase in mobile 
subscription [1]. 

Activity Based Computation [2] seeks to capture the situation 
of the user and its environment by using heterogeneous sensors 
to adapt to outsourced computing resources. When these 
sensors are connected to the body of cismin, they allow 
continuous monitoring of a large number of physiological 
signals. This has an attractive use in health care applications; 
Use of Ambient Intelligence (AMI) in daily activities for older 
people. In this article, we present a system for human Physical 
Activity Recognition (AR) using smartphone inertial sensors. 

Our work has been classified with ANN using the Human 
Activity Recognition with Smartphones data at 
https://www.kaggle.com/uciml/human-activity-recognition-

with-smartphones 
1. Material and Methodolgy 

The experiments have been carried out with a group of 30 
volunteers within an age bracket of 19-48 years. Each person 
performed six activities (WALKING, 
WALKING_UPSTAIRS, WALKING_DOWNSTAIRS, 
SITTING, STANDING, LAYING) wearing a smartphone 
(Samsung Galaxy S II) on the waist. Using its embedded 
accelerometer and gyroscope, we captured 3-axial linear 
acceleration and 3-axial angular velocity at a constant rate of 
50Hz. The experiments have been video-recorded to label the 
data manually. In the process, 2947 samples were classified. 

The sensor signals (accelerometer and gyroscope) were pre-
processed by applying noise filters and then sampled in fixed-
width sliding windows of 2.56 sec and 50% overlap (128 
readings/window). The sensor acceleration signal, which has 
gravitational and body motion components, was separated 
using a Butterworth low-pass filter into body acceleration and 
gravity. The gravitational force is assumed to have only low 
frequency components, therefore a filter with 0.3 Hz cutoff 
frequency was used. From each window, a vector of features 
was obtained by calculating variables from the time and 
frequency domain[3]. 

For each record in the dataset, the following are provided: 

acceleration and estimated body acceleration. 

 

-specific vector with time and frequency domain 
variables. 

 

son performing the experiment. 

Recognition of Human Activity is an active research area in 
which methods of understanding human behavior are 
developed by interpreting characteristics derived from 
movement, location, physiological signals and environmental 
information. This field is the first component of the index to 
access Intelligent Interaction (cognition) in conjunction with 
Cognitive Environments, data analysis, decision making and 
action [4,5] and our research topic[6]. 

Human Activity Recognition on Smartphones 
using a Multiclass Artificial Neural Network 
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2.1. Artificial Neural Network 

Today we live in computer age and systematically we are on 
the way to creating artificial intelligence. In addition, one of 
the possible ways in which AI can take place is to find ways to 
generalize the patterns. Solving this problem will not only help 
us to create a program that generates thought, but also to 
understand how we think. 

20. Beginning in the middle of the century, scientists have 
developed a set of mathematical models and algorithms that 
are widely used in pattern recognition and classification of 
objects. These models are now called artificial neural 
networks. Now there are many different architectures of good 
neural networks in certain tasks. For example, the basic tasks 
that can be solved using this technology are: 

1. Clustering 

2. Forecast 

3. Model recognition 

4. Decision-making and management 

5. Data compression 

6. Approach 

Artificial neural networks are one of the most popular aspects 
of research now. Our programs based on this technology may 
no longer speak, recognize the model of different objects, but 
do not understand the meaning of these things. Now there are 
various AI-related experiments in the artificial intelligence 
world that encourage the submersion of humanity. When it 
comes to thinking, your future in IT will depend on research in 
this area, which will help to develop the highest technology of 
all time[7]. 

The artificial neural network model that constitutes our system 
is shown in Fig. 1. [8].  

 

Fig. 1. The structure of ANN 

 

2.2. Artificial Neural Network Application For A Data Set 

In this study, the following transactions are performed for 
determining if the Human Activity Recognition Using 

Smartphones Data Set are human activity the data set of 1,372 
units of Human Activity Recognition Using Smartphones Data 
Set.  

 As testing data, 206 units (15%) of data have been chosen 
randomly.  

 As validation data, 206 units (15%) of data have been 
chosen randomly.  

 As training data, the remaining  960 units (70%) of data 
have been chosen.  

In this study, a feed forward network structure that contains an 
input layer, a hidden layer and an output layer (Fig. 1) was 
used. The Back Propagation algorithm was used in the training 
procedure.     

The regression graph of the training data set is shown in  Fig. 
2.  

 

Fig. 2 Regression of Training Data Set 

 

The regression graph of the testing data set is shown in  Fig. 3.  

 

Fig. 3 Regression of Testing Data Set 
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The regression graph of the validation data set is shown in  
Fig. 4.  

 

Fig. 4 Regression of Training Data Set 

 

The regression graph of the output is shown in Fig. 5.  

 

Fig. 5 Regression of Output Set 

 

2. Result and Discussion  

The comparison of experimental measurement values for 
Human Activity Recognition Using Smartphones test data set 
and ANN estimation values are shown in Fig. 6. All the 

randomly selected data used for test is different than the data 
used for training process.  

 
 
Fig. 6 Test Result / ANN Predict 
  
The comparison of experimental measurement values for 
Human Activity Recognition Using Smartphones validation 
data set and ANN estimation values are shown in Fig. 7. All 
the randomly selected data used for validation is different than 
the data used for training process 
 

 
Fig. 7 Validation Result / ANN Predict 
 
Finally, the graph of the values obtained from the remaining 
data which is the estimation of ANN is shown in Fig. 8.  

  
Fig. 8 Train Result / ANN Predict 
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As seen in the figures, the estimation results and dataset 
results are almost overlapping. The deviation between 
experimental and estimated results is very small and negligible 
for any Human Activity Recognition Using Smartphones 
performance. 

 

3. CONCLUSIONS 

In this study,  it has been concluded that ANN can be used 
in the clustering procedure and better results can be achieved. 
According to the results, it has been observed that 99% and 
above classification accuracy can be achieved 
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Abstract - In this study, different sized regions of interest were 
obtained from fish images and these were used for fish species 
classification. A previously proposed region of interest obtaining 
method was upgraded in order to acquire wider regions of 
interest. Depending on general accuracies of classification 
performances, comparison between these regions of interest was 
made. According to comparison results the effects of the different 
sized regions of interest were discussed for classification purposes 
of fish species. This study was performed by using a database 
which consists of 1321 fish images. These fish images include fish 
samples from 16 fish families and 35 fish species. All images were 
colored in RGB color space. But two different feature sets were 
extracted for fishes by examining images both in RGB and HSV 
color spaces. Feature extraction was performed by using a color 
based method. For each color space, seven statistical features 
were extracted from each component of the color space. Two 
feature sets were acquired for each fish sample by combining the 
extracted statistical features according to color spaces. The 
obtained feature sets from RGB and HSV color spaces were used 
separately for classification purposes. Classification was 
performed according to families and species by using Nearest 
Neighbor algorithm as classifier. According to classification 
results, the best performances on general accuracies were 
achieved as 93.5% and 91% for fish families and species 
classification respectively.  
 

Keywords  Fish classification, fish species, ROI, color based 
classification 

I. INTRODUCTION 

getting an important task. The requirement of fish 
classification systems is rising from the reason that they can 
be used by researchers for the purposes of fish counting, stock 
assessments, evaluating ecological impacts, monitoring fish 
behavior, and ext. [1]. Additionally, the scientists believe that 
there are more than 1200 venomous fish species in over 24600 
different fish species in the world. Avoiding from harms of the 
venomous species can be possible by making use of fish 
classification systems. In spite of the necessity for fish 
classification, it is a difficult task to be performed manually. 
The developments in computer technologies offer an insight 
into computer vision and image processing methods to be 
getting commonly used for the purposes of fish classification. 

There are some studies using various features in order to 
classify fishes. Kutlu et al. proposed a multistage system that 
can separate fishes taxonomically in three stages by using 
morphological shape properties within Nearest Neighbor 
algorithm [2]. Kutlu et al. performed a fish species 
classification system utilizing Deep Belief Networks by using 
morphometric measurements [3]. Maasz et al. identified fish 
species with a high accuracy by applying MALDI-TOF MS 
method in order to extract features [4]. Hasija et al. performed 
the classification of fish species by using a novel method 
which is based on an improved image-set matching approach, 
which makes use of Graph-Embedding Discriminant Analysis 
[5]. Siddiqui et al. presented a computer vision method which 
is based on deep learning techniques. A cross-layer pooling 
algorithm using a pre-trained Convolutional Neural Network 
as a generalized feature detector is proposed in this work. 
Classification was performed by a SVM classifier for fish 
species from underwater video imagery [6]. Bothmann et al. 
used under water sonar videos to extract features which are 
based on shape and movement of the fishes in order to present 
a real time fish classification system [7]. Shafait et al. 
presented an image set based approach for fish species 
identification by utilizing from Principal Component Analysis 
[8]. Chuang et al. presented an unsupervised feature learning 
and object recognition system by using geometric attributes of 
the fish body within a hierarchical partial classifier [9]. 
Mizuno et al. performed the classification purpose by using 
normalized cross correlation obtained from a new method 
using high resolution acoustic video camera [10]. Ogunlana et 
al. presented a Support Vector Machine based method for fish 
classification by extracting the body and five fin lengths of the 
fishes as features [11]. Iscimen et al. presented a method 
which is based on centroid-contour distances of fish images in 
order to classify fish species with two dorsal fins [12]. Iscimen 
et al. presented a Naive Bayesian classifier based system for 
fish families and species classification by using biometric 

response, morphometric, bathymetric or other energetic 
parameters as features within a multi-frequency acoustics 
approach to detect and classify fish species [14]. Fabic et al. 
described a method by using blob counting and Zernike 
moment-based shape analysis for fish detection, counting, and 
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species classification from underwater video sequences [15]. 
Alsmadi et al. presented a fish recognition system based on 
features extraction from size and shape measurements using 
neural network [16]. Cabreira et al. applied methods on digital 
echo recordings of schools which involving artificial neural 
networks (ANNs) for the automatic recognition and 
classification. Energetic, morphometric, and bathymetric 
school descriptors were extracted from the echo-recordings as 
the input for the ANNs [17].  

Also, there are some studies taking advantage of color and 
texture features for fish classification purposes. Iscimen et al. 
proposed a color based method for fish species classification 
which is using statistical features extracted from different 
color sp components [18, 19]. Daramola et al. proposed a 
method by using Singular Value Decomposition in order to 
extract features of fish body pattern [20]. Huang et al. 
presented a balance-enforced optimized tree with reject option 
for the purpose of live fish recognition. The proposed system 
is using features which are a combination of color, shape and 

-Serna et al. obtained a 
combination of geometrical, morphological, and texture 
features which are extracted by using image processing 
methods. Fish identification was performed by using the 
obtained feature set within an Artificial Neural Networks 
classifier [22]. Chuang et al. presented an underwater fish 
species recognition system by using a systematic hierarchical 
partial classification algorithm. The extracted features are 
consist of size, shape and texture attributes of fish body parts 
[23]. Hu et al. presented a method for classifying fish species 
based on color and texture features by using a multi-class 
support vector machine [24]. Alsmadi et al. presented a fish 
recognition system based on features extraction from color 
texture measurements by using back-propagation classifier 
[25]. 

The aim of this study is obtaining wider regions of interest 
on fish images by upgrading a previously proposed method 
[18] and making comparison between classification 
performances of the fishes according to these regions of 
interest. The obtained regions of interest were used within a 
color based statistical feature extraction method. The features 
were extracted by examining images both in RGB and HSV 
color spaces and the acquired feature sets were used in 
classification separately. Classifications were performed 
according to families and species. The proposed system is 
performing various image processing methods for mentioned 
purposes and these are explained in detail in remaining of the 
paper.  

II. MATERIALS AND METHODS 

The structure of the proposed system is consists of data 
acquiring, preprocessing, feature extraction, classification and 
performance measurement phases. Details of the processes are 
described in the following subsections. 

A.  Acquiring the Database 

A fish database which consists of 1321 fish images was 
used in this study. In each image, a fish was located on a white 
background floor with the same position and the images were 
taken from different distances. Figure 1 shows a sample of 
taken images. The database totally consists of 35 fish species 
from 16 fish families. Each species include different numbers 
of samples. Table 1 shows variance of the collected database. 
The definition of species and systematic discrimination were 
performed according to [26]. 

Table 1: Variance of the collected database 

Families Name Species Name Number of Fish Samples 

Apogonidae Apogon queketti 18 

Apogonidae Apogon smithi 29 

Carangidae Caranx rhoncus 8 

Dactyloperidae Dactylopterus volitans 26 

Haemulidae Pomadasys stridens 116 

Moronidae Dicentrarchus labrax 30 

Moronidae Dicentrarchus punctatus 18 

Mullidae Mullus barbatus 15 

Mullidae Mullus surmuletus 44 

Mullidae Upeneus mollucensis 19 

Nemipteridae Nemipterus randalli 18 

Sciaenidae Argyrosomus regius 21 

Sciaenidae Sciaena umbra 9 

Sciaenidae Umbrina cirrosa 5 

Scombridae Sarda sarda 128 

Serranidae Epinephelus aeneus 38 

Serranidae Epinephelus caninus 15 

Serranidae Epinephelus costae 108 

Serranidae Epinephelus marginatus 124 

Serranidae Hyporthodus haifensis 17 

Serranidae Mycteroperca rubra 33 

Sparidae Diplodus annularis 5 

Sparidae Lithognathus mormyrus 7 

Sparidae Oblada melanura 15 

Sparidae Pagellus erythrinus 9 

Sparidae Pagrus caeruleostictus 5 

Sparidae Sparus aurata 50 

Sphyraenidae Sphyraena sphyraena 26 

Synodontidae Saurida undosquamis 22 

Teraponidae Pelates quadrilineaetus 18 

Tetraodontidae Lagocephalus suezensis 5 

Triglidae Aspitrigla cuculus 22 

Triglidae Chelidonichthys lastoviza 98 

Triglidae Chelidonichthys lucernus 141 

Triglidae Trigla lyra 59 
Total Number of Samples 1321 

 

 
Figure 1: A sample of taken images from database 
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Figure 2: Image processing phases from raw image to gained 
minimum image which includes the fish sample 

 

Figure 3: Fish samples from different species take different 
sized areas in image. The species of the fish samples: 1) 

Epinephelus aeneus, 2) Chelidonichthys lastoviza, 3) 
Nemipterus randalli 

 

 

Figure 4: Actual subtracting process. One frame is subtracting in per 
time. 

 

Figure 5: Representative illustration of the subtracting process with 
wider frames. 

B. Preprocessing 

It is aforementioned that all images were taken on a white 
background. In spite of that, some image noises might be arise 

from background or environmental conditions. In an attempt 
to reduce the negative environmental conditions, 
backgrounds were manually converted to blue before image 
processing. The images include irrelevant empty fields apart 
from the fish sample. Therefore, after converting the 
background to blue a series of automatic image processing 
algorithms were applied on each image to gain the minimum 
image including the fish sample with least empty fields. 
Figure 2 shows the image processing phases from raw image 
to gained minimum image which includes fish sample. The 
following steps are performed for this task: 

 The colored input image was in RGB color space. This 
image was converted to grayscale image. 

 The grayscale image was converted to binary image. 
Canny Filter was applied for edge detection. 

 Edge disorders were fixed by filtering the binary image 
with a morphometric structure element which is shaped 
in a 3-by-
apparent by this process.  

 Missing or overflowing pixel issues were fixed by 
applying erosion and dilation processes. 

 The whole apparent area of the fish sample was detected 
by filling the inner sides of edges. 

 The minimum image was gained which includes the fish 
sample with least empty fields. The image was in RGB 
color space. The fish sample was colored and the 
background was black. 

Each of the fish samples takes different sized areas in 
images (Figure 3). This case is rising an issue about selecting 
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region of interest. It is necessary to interest on a solid fish 
texture and avoid considering black background due to using a 
color based feature extraction method. For this purpose, each 
four sides of the image (left border, right border, top border, 
bottom border) were assumed as a frame. Each frame of the 
minimum image was subtracted consecutively from outside to 
inside until a solid fish texture remains. Figure 4 shows the 
actual subtraction process which is performed by subtracting 
one frame in per time. Figure 5 shows a representative 
illustration which explains the subtracting process with wider 
frames. 

Frame subtracting process can provide wider region of 
interest in the event of having quadratic shaped objects on 

due to having various fins on their body and cauda. The 
general shape of the fishes is getting wider from mouth toward 
body and is getting thinner again from body toward cauda. 
Also same issue exists in direction from dorsal fins toward 
lower fins. In order to overcome this issue and obtain a more 
quadratic object in image, the image was cropped from its four 
sides. Hence, the fish object lost some of its body parts and 
came in a more quadratic shape. After the cropping, frame 
subtracting process was applied on cropped image and a wider 
region of interest was obtained (Figure 6). Cropping process 
was performed with cropping rates as 5%, 10%, 15%, 20% 
and 25% separately. Due to the variance on cropping rates, 
regions of interest with different sizes were obtained. Table 2 
shows sample region of interest dimension values of some fish 
sample according to cropping rates. These values may vary for 
each different fish sample because of the size variance 
between fishes. 

 

Figure 6: Applying subtracting process after cropping the image from 
its four sides 

 

Figure 7: Phases of feature extraction 

Table 2. An example of size comparison between regions of interest 

according to cropping rates. The given values may vary for each 

different fish sample 

Cropping Rate 

Region of 
Interest 
Height 

Region of 
Interest 
Width 

Total Area 
of the Region 
of Interest 

Non-Cropped 64 pixel 605 pixel 38720 pixels 
Cropped 5% 65 pixel 552 pixel 35880 pixels 
Cropped 10% 85 pixel 518 pixel 44030 pixels 
Cropped 15% 131 pixel 510 pixel 66810 pixels 
Cropped 20% 151 pixel 476 pixel 71876 pixels 
Cropped 25 % 167 pixel 438 pixel 73146 pixels 

Table 3. Comparison of classification performances 

  HSV Color Space RGB Color Space 

Non-Cropped 90.9% 86.0% 81.1% 75.9% 

Cropped 5% 91.9% 87.7% 83.3% 76.5% 

Cropped 10% 91.6% 88.8% 81.4% 78.3% 

Cropped 15% 91.9% 88.8% 84.9% 80.0% 

Cropped 20% 92.3% 89.8% 85.5% 82.2% 

Cropped 25% 93.5% 91.0% 85.0% 81.8% 

 

C. Feature Extraction 

The obtained regions of interest were handled both in RGB 
and HSV color spaces. Feature sets for both color spaces 
obtained and used separately for classification purposes. 
Feature extraction performed by using the red, green, blue 
components of the RGB color space and hue, saturation, value 
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components of the HSV color space separate from each other. 
Values of the c  were in a matrix that 
having same dimension with the region of interest image 
which they belong to. Since each obtained region of interest 
image has different dimensions, the number of extracted 
features may vary according to row and column sizes of the 

components were converted from matrix to a vector before 
feature extraction. Afterwards, seven statistical features were 
extracted from these vectors for each of these components 
respectively. The extracted features from three components of 
the color space were combined in a new vector in order to 
obtain the feature set of the fish samples. Hence, there were 
totally 21 features in each feature set. The extracted features 
are minimum value, maximum value, mean value, variance, 
standard deviation, kurtosis, skewness. Figure 7 shows the 
phases of feature extraction from region of interest to 
classification. 

D. Classification and Performance Measurement 

Classification purposes were performed by using Nearest 
Neighbor algorithm [27]. In this method, an unclassified 
sample of data is compared with all classified samples 
applying the Euclidian Distance method on their features. The 
class of the unclassified sample is selected as the class of its 
nearest neighbor which has the nearest distance to unclassified 
sample. 

Performance measurement was performed by using five-
fold cross validation schema. The 5-fold cross validation 
process is performed by dividing randomly the dataset in 5 
disjoint sets. The four of divided sets are used for the purposes 
of training and the remaining one is used for testing. This 
procedure is repeated along a period of time in a process of 
using each set for testing. Performance of classifications was 
measured in terms of general accuracies. 

III. CONCLUSION 

This study purposed an approach to obtain different sized 
regions of interest and make comparison between their 
classification performances by using them within a color 
based statistical feature extraction method. All images were 
preprocessed to obtain a minimum image including a colored 
fish sample with a black background. The obtained images 
were cropped from their four sides with cropping rates from 
5% to 25% increasing by fives. Hence, regions of interest with 
different sizes were obtained according to each cropping size. 
These regions of interest examined in RGB and HSV color 
spaces separately. The acquired feature sets from RGB and 
HSV color spaces were used separately for classification. 
Classification purposes were performed according to families 
and species by using the Nearest Neighbor algorithm as 
classifier. Table 3 shows a comparison of classification results 
between non-
terms of general accuracy achievement. 

The compared results show that cropping the images is 
raising the classification performances according to non-
cropped images. All cropped 
non-cropped images. Also the increment of the classification 

performance is getting higher on cropped images as long as 
increasing the cropping rate. This fact has an inaccuracy for 
just 4 classification results in total of 20 classification results 
of cropped images. Additionally, this study shows that the 
proposed color based feature extraction method provides much 
better performance by using HSV color space than using RGB 
color space for both families and species classification. Also, 
families classification has greater results according to species 
classification for both of the color spaces in all cropping rates. 
As a result, 1321 fish samples from 16 families and 35 species 
were classified with best general accuracies of 93.5% and 91% 
for families and species classification respectively. 

Table 2 shows that increasing the cropping size increases 
the row sizes and decreases the column sizes of the regions of 
interest. This fact might be arise from cropping the images 
with the same rate along the X axis (left border and right 
border) and the Y axis (top border and bottom border). Using 
different cropping rates for the X and Y axises might cause to 
have more field that can be used as region of interest. 

REFERENCES 

[1] Benson, B., Cho, J., Goshorn, D., Kastner, R. (2009). Field 
programmable gate array (FPGA) based fish detection using Haar 
classifiers. American Academy of Underwater Sciences. 

[2] Kutlu, Y., Iscimen, B., & Turan, C. (2017). Multi-Stage Fish 
Classification System Using Morphometry. Fresenius Environmental 
Bulletin, 26(3), 1911-1917. 

[3] 
Recognition of species of Triglidae Family using Deep Learning. 
Journal of the Black Sea/Mediterranean Environment, 23(1). 

[4] 
Mayfly and fish species identification and sex determination in bleak 
(Alburnus alburnus) by MALDI-TOF mass spectrometry. Science of 
The Total Environment, 601, 317-325. 

[5] Hasija, S., Buragohain, M. J., & Indu, S. (2017, February). Fish Species 
Classification Using Graph Embedding Discriminant Analysis. In 
Machine Vision and Information Technology (CMVIT), International 
Conference on (pp. 81-86). IEEE. 

[6] Siddiqui, S. A., Salman, A., Malik, M. I., Shafait, F., Mian, A., Shortis, 
M. R., & Harvey, E. S. (2017). Automatic fish species classification in 
underwater videos: exploiting pre-trained deep neural network models to 
compensate for limited labelled data. ICES Journal of Marine Science, 
fsx109. 

[7] Bothmann, L., Windmann, M., Kauermann, G. (2016). Realtime 
classification of fish in underwater sonar videos. Journal of the Royal 
Statistical Society: Series C (Applied Statistics). 

[8] Shafait, F., Mian, A., Shortis, M., Ghanem, B., Culverhouse, P. F., 
Edgington, D., Cline, D., Ravanbakhsh, M., Seager, J., Harvey, E. S. 
(2016). Fish identification from videos captured in uncontrolled 
underwater environments. ICES Journal of Marine Science: Journal du 
Conseil, 73 (10): 2737-2746. 

[9] Chuang, M. C., Hwang, J. N., Williams, K. (2016). A Feature Learning 
and Object Recognition Framework for Underwater Fish Images. IEEE 
Transactions on Image Processing, 25(4): 1862-1872. 

[10] Mizuno, K., Liu, X., Asada, A., Ashizawa, J., Fujimoto, Y., Shimada, T. 
(2015). Application of a high-resolution acoustic video camera to fish 
classification: An experimental study. Underwater Technology (UT), 
IEEE, pp. 1-4. 

[11] Ogunlana, S.O., Olabode, O., Oluwadare, S.A.A., Iwasokun, G.B. 
(2015). Fish Classification Using Support Vector Machine. African 
Journal of Computing & ICT, 8(2): 75-82. 

[12] Iscimen, B., Kutlu, Y., Uyan, A., Turan, C. (2015). Classification of fish 
species with two dorsal fins using centroid-contour distance. 23nd 
Signal Processing and Communications Applications Conference (SIU), 
pp. 1981-1984. 

226 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

[13] Iscimen, B., Kutlu, Y., Reyhaniye, A. N., Turan, C. (2014). Image 
analysis methods on fish recognition. 22nd Signal Processing and 
Communications Applications Conference (SIU), pp. 1411-1414. 

[14] , Giacalone, G., Basilone, 
G., Fernandes, P.G. (2014). Analysis of backscatter properties and 
application of classification procedures for the identification of small 
pelagic fish species in the Central Mediterranean. Fisheries Research, 
149, 33-42. 

[15] Fabic, J. N., Turla, I. E., Capacillo, J.A., David, L.T., Naval, P.C. 
(2013). Fish population estimation and species classification from 
underwater video sequences using blob counting and shape analysis. 
Underwater Technology Symposium (UT), IEEE International, pp. 1-6. 

[16] Alsmadi, M. K., Omar, K. B., Noah, S.A., Almarashdeh, I. (2010). Fish 
recognition based on robust features extraction from size and shape 
measurements using neural network. Journal of Computer Science, 6 
(10): 1088. 

[17] Cabreira, A.G., Tripode, M., Madirolas, A. (2009). Artificial neural 
networks for fish-species identification. ICES Journal of Marine 
Science: Journal du Conseil. 

[18] Iscimen, B., Kutlu, Y., Turan, C. (2017). Classification of Serranidae 
Species Using Color Based Statistical Features. Natural and Engineering 
Sciences, 2(1), 25-34. 

[19] Iscimen, B., Kutlu, Y., Turan, C. (2017). Classification of Fish Families 
Using Texture Analysis. The 3rd International Symposium on 
EuroAsian Biodiversity (SEAB), pp. 23. 

[20] Daramola, S.A., Omololu, O. (2016). Fish Classification Algorithm 
using Single Value Decomposition. International Journal of Innovative 
Research in Science, Engineering and Technology, 5 (2): 1621-1626. 

[21] Huang, P.X., Boom, B.J., Fisher, R.B. (2015). Hierarchical classification 
with reject option for live fish recognition. Machine Vision and 
Applications, 26 (1): 89-102. 

[22] - -Segura, L. F. (2014). Automatic 
identification of species with neural networks. PeerJ, 2, e563. 

[23] Chuang, M.C., Hwang, J.N., Kuo, F.F., Shan, M.K., Williams, K. 
(2014). Recognizing live fish species by hierarchical partial 
classification based on the exponential benefit. IEEE International 
Conference on Image Processing (ICIP), pp. 5232-5236. 

[24] Hu, J., Li, D., Duan, Q., Han, Y., Chen, G., Si, X. (2012). Fish species 
classification by color, texture and multi-class support vector machine 
using computer vision. Computers and Electronics in Agriculture, 88, 
133-140. 

[25] Alsmadi, M. K., Omar, K.B., Noah, S.A., Almarashdeh, I. (2010). Fish 
recognition based on robust features extraction from color texture 
measurements using back-propagation classifier. Journal of Theoritical 
and Applied Information Technology. 

[26] 
Atlas and systematics of marine Bony fishes of Turkey. Nobel, Adana, 
Turkey. 

[27] Cunningham, P., Delany, S.J. (2007). k-Nearest neighbour 
classifiers.Multiple Classifier Systems, 1-17. 

227 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 

 
Abstract  With the widespread use of the internet, the size of 

the text data increases day by day. Poems can be given as an 
example of the growing text.  In this study, we aim to classify 
poetry according to poet. Firstly, data set consisting of three 

have been constructed. 
Then, text categorization techniques are implemented on it. Chi-
Square (CHI) technique are used for feature selection. In addition, 
five different classification algorithms are tried. These algorithms 
are Sequential minimal optimization 
C4.5 decision tree, Random Forest (RF) and k-nearest neighbors 
(KNN). Although each classifier showed very different results, 
over the 70% classification success rate was taken by SMO 
technique. 
 

Keywords  poet detection, poetry data, text classification, text 
mining 
 

I. INTRODUCTION 

ITH the widespread use of the internet, text data have 
augmented day by day. Therefore, produced and 

recorded in the type of text data have to be operated by 
computers. For that reason obtaining and using meaningful 
information from these data will facilitate the work of people. 
Text mining is multi discipline; it makes use of such as data 
mining, artificial intelligent, natural language processing and 
information retrieval. Text classification is one of the most 
widely studied areas in text mining. It is a supervised learning 
problem. To solve this problem, firstly, data separated into two 
parts called train and test data. In the next step, classification 
algorithms applied training data. In the last step classifier 
models predict label of text by means of learning model. There 
are many text-mining studies in the literature. 

Spam mail detection: Email is the simplest and cheapest 
communication tools in daily life. Most of the received emails 
are the text. These mails are two parts, named spam and non-
spam. Some advertisement companies or bad people prefer to 
send spam mails to users. Spam mails give rise to waste of time 
and slow down daily work. Therefore, spam mails have to be 
found and not delivered to the users. Spam mail detection is 
binary text classification application [1, 2]. 

Web page classification: Web pages occur in HyperText 
Markup Language (HTML) files. There are some information 
based on text in these files. If text-mining techniques apply to 
these files, web pages may classify by the computers [3].  

Author detection: Text-mining methods apply to the books 
or column so that author of texts can be recognized [4, 5].  

There are very different studies apart from the above popular 
topics.  [6], automatic 
text summarization [7], automatic question answering systems 
[8], sentiment analysis on text [9, 10], music genre 
classification on lyrics [11, 12], television-rating prediction 
with social media [13] and automatic news article classification 
[14  16].  

In this study, we aim to classify poetry according to poet. The 
first part of the study is to generate corpus. Thus, poetry of three 
different poets are taken from web page [17]. Poets are Adryan 
Rotica, Lamar Cole and Richard Allen Beevor. Generating data 
set is balanced. After corpus have generated, text classification 
techniques were applied to the corpus.  

II. MATERIAL AND METHOD 

Although computers can read text files, classifiers cannot 
understand them. In addition, texts are named unstructured data. 
For this reason, text files have to convert into the numerical data 
so that they can be structured data anymore. In Figure-1 
flowchart shows general text classification applications .  

 

Figure 1: Text classification steps 

 
Text files transform into structured data via pre-processing 

and term weighting steps. Each of steps are detailed sub 
sections. 

A. Pre-processing 

The words in the documents are not always in the same form. 
These words should be converted to the same style because they 
have the same importance. If words is not transformed into 
same style, the numbers of words are different so that may lead 
to misleading results. In pre-processing step, all the words 
converted uppercase into lowercase, punctuation marks and 
digits deleted, tokenization done according to white space 
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character, found stemming type all the words and stop words 
deleted. We prefer Porter Stemmer to find stem of words [18]. 

B. Term weighting 

Any term is very few in some documents but it can be seen very 
much in some documents. Therefore, the term weighting must 
reveal this distinction. Term Frequency  Inverse Document 
Frequency (TF.IDF) was used as term weighting method that is 
frequently used in text classification. TF is the number of 
occurrences in a document. IDF is 
 

 

 
given Equation 1. In Equation 1,  is the number of documents 
in the whole collection,  is the number of documents in the 
positive category that contain this term,  is the number of 
documents in the negative category that contain this term. The 
weight of the term is calculated by multiplying TF by IDF. 

C. Feature selection 

The operation of classification algorithms takes a long time. At 
the same time, the operation of these algorithms is directly 
related to the size of the data. Bag of words model is preferred 
in traditional text categorization applications. Document 
vectors are created using all the words in the training set. For 
this reason, documents are represented in terms of tens of 
thousands. Majority of these terms are not considered to affect 
important information because they do not affect the 
classification success positively. Instead of using all the terms 
in the bag of words, little word vector is preferred. Little vector 
is the best subset of bag of words. By means of feature selection, 
memory wastage can be prevented by reducing vector size. 
Runtime of the text classification process reduce. 

Feature selection methods are generally divided into three 
main groups [19, 20]. These are filtering, wrapper and 
embedded methods. In feature selection step, one of the filtering 
method CHI is used. CHI is 

 

 

 
given Equation 2. In Equation 2, the CHI score of the  term in 

class  is calculated. ,  and  is  emphasized in Equation 1. 
 is the number of documents in the positive category that do 

not contain this term and  is the number of documents in the 
negative category that do not contain this term. The CHI scores 
of all terms are calculated. Subsequently these values of CHI 
sort big to small. The greatest value is the most relevant with 
related category. If CHI value of any term is 0, it is not relevant 
with related category. 

D. Classification 

WEKA is data mining tool that is used in the classification stage 
[21]. There are a lot of data mining and machine learning 
algorithms in WEKA tools. SMO based Support Vector 
Machine (SVM), NB based probability model, C4.5 and RF 
based decision tree and KNN are used in this study.  

E. Data set 

Table-1 shows poems and their poetry distribution. Data set 
divided approximately 60% train and 40% test. Because of the 
number of poetry is close this data set is balanced.  

Table 1: Poems-poetry distribution 

Poems Train Test 
Adryan Rotica 284 189 

Lamar Cole 241 162 
Richard Allen Beevor 227 152 

 

F. Performance Measure 

With the performance measurement, the accuracy of belonging 
to the relevant class is evaluated. A sample that is actually 
labeled positively in the dataset, if it is classified as positive in 
the classification result, it is named True-Positive (TP). A 
sample that is actually labeled negative in the dataset, if it is 
classified as negative in the classification result, it is named 
True-Negative (TN). A sample that is actually labeled negative 
in the dataset, if it is classified as positive in the classification 
result, it is named False-Positive (FP). A sample that is actually 
labeled positive in the dataset, if it is classified as negative in 
the classification result, it is named False-Negative (FP). These 
states are shown on the Table-2 as confusion matrix.  

Table 2: Confusion matrix 

               Real 
 
Predict 
 

 
 
 

C1 

 
 
 

C2 
C1 TP FP 
C2 FN TN 

  
The most used performance measure in text classification is F-
score. F-score is the harmonic mean of precision and recall 

 Equation 3 and 
Equation 4 respectively.  
 

 

 

 

 
If harmonic mean of  , 
 

 

 
F-score is taken place as Equation 5. To evaluate classification 
success F-score is preferred.  

III. RESULTS 

The performance results of 5 different classifiers with 
different working models are given in Figure 2. 
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Figure 2: Success of classification algorithms 

 
When 30 features used, the best classifier is NB. However, 

the worst classifier is KNN. As long as number of features 
increase, the success rate of all classifiers excluding KNN go 
up. The best classification rate is 0,7067 F-score that occurs 
with SMO in 700 features. Success of RF and C4.5 is similar 
but they d  

As a result, English poetry were classified according to poets. 
If we use larger data set, more effective text classification 
results can be obtained. Instead of traditional text classification 
methods, semantic text classification method may be preferred. 
Because, poets use very special sentences while writing poetry. 
As a future work, we aim to generate different poetry data set 
to classify genre of poetry with text classification. 
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Abstract - Website phishing is among the important security 
challenges for the online community because there are a large 
numbers of online users. Website phishing occurs through a 
secure website from which such sensitive information as 
usernames and passwords is obtained from online users. The 
methods to be used as solutions are black lists, white lists and the 
use of search methods in order to minimize the risk. The phishing 
problem is a vital issue particularly in industry, notably in e-
banking and e-commerce as regards payments. Neda Abdelhamid 
et al. have studied different legitimate and phishy websites and 
collected 1353 different websites from difference sources. 
Phishing websites were taken from Phishtank data archive 
(www.phishtank.com), which is a free community site at which 
users can submit, verify, track and share phishing data. The 
legitimate websites were obtained from Yahoo and from starting 
point directories through a web script developed in PHP. The 
PHP script was embedded into a browser and 548 legitimate 
websites were collected out of 1353 websites. There are 702 
phishing URLs, and 103 suspicious URLs. When a website is 
labelled SUSPICIOUS, that website can be either phishy or 
legitimate, which implies that  the website had both legit and 
phishy features. We used Bayesian regularized artificial neural 
networks (BRANN) to classify the data. In our study, we also 
calculated R as 91,839%. This is a successful result.  
 

Keywords - BRANN, Pushing, UCI, Database, Classification 

I. INTRODUCTION 

oday, phishing is a actual threat on the Internet. According 
to a report by an American security firm, RSA, there have 

been approximately 33,000 phishing attacks globally every 
month in 2012, causing a loss of $687 million. For this reason, 
fighting against phishing attacks is highly important. One 
popular and widely-deployed solution with browsers is to 
integrate a blacklist-site list into them. Yet, this solution, 
which is unable to detect new attacks if the database is 
outdated, seems not to be effective if the number of phishing 
attacks should increase every day[1].  

Today, phishing attacks pose one of the biggest threats to 
the Internet in network security [2]. Phishers are attempting to 
hide confidential information such as user name, password and 
credit card details in disguise of a trusted entity in an online 

communication. To achieve this, attackers often employ a  
 
series of web site spoofing techniques to trick them into 
revealing confidential information which has an economic 
value. In an ordinary attack [2], a large number of fake e-mails 
are randomly sent to Internet users. These emails are often 
disguised as if they were from a legal commercial corporation, 
like a bank. Recipients of the mail will be urged to update their 
personal information with the warning that their online bank 
accounts may be suspended if the requested form is not 
fulfilled out. Such an attack is very common and effective in 
persuading users. 
Our work has been classified with ANN using Website 
Phishing Data Set at [3]  

II. MATERIAL AND METHODOLOGY 

The internet is important not only for individual users but 
also for organizations which do their business online. 
Nowadays, many organizations offer online trading and online 
sales of services and goods [4]. However, internet-users may 
fall prey to different types of online threats that might cause 
financial damages, identity theft, and loss of private 
information. Therefore, the internet comes as a channel for 
commercial exchanges [5]. In this study, the PHP script was 
plugged with a browser and 548 legitimate websites were 
collected out of 1353 websites. There were 702 phishing 
URLs, and 103 suspicious URLs.  There were 9 different data 
we would use. These were typed into the system as input and 
the results were estimated. The information about our input set 
is given below[5]. 

1. Server Form Handler (SFH): Once the user submits his 
information, the webpage will transfer the information to a 
server which can process it. Typically, the information would 
be processed from the same domain where the webpage is 
being loaded. Either phishers resort to making the server form 
handler empty or the information is transferred to somewhere 
different from the legitimate domain.  

 
Rule :   Phishy  

Classification of Phishing Detection Data on 
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SHD redirects to a different domain   Suspicious  
else   Legit 
 
2. Using a Pop-up window: Usually, authenticated sites do 

not request the users to submit their credentials via a popup 
window.  

 

Rule :   rightClick disabled   Phishy  
             rightClick showing alert    Suspicious  
else    Legit 
 

3. Fake HTTPs protocol/SSL final: The fact that HTTPs 
protocol shows up whenever sensitive information is being 
transferred reflects that the user is certainly connected to an 
honest website. However, phishers may use a fake HTTPs 
protocol to deceive users. Therefore, it is definitely 
recommended to check whether the HTTPs protocol is offered 
by a trusted issuer such as GeoTrust, GoDaddy, VeriSign, etc.  

 

Rule :  use of https & trusted issuer & age >= 2 years    
Legit  

using https & issuer is not trusted   Suspicious  
else   Phishy 
 

4. Request URL: A webpage is usually composed of a text 
and certain objects such as images and videos. Typically, these 
objects are loaded into the webpage from the same server of 
the webpage. If the objects are loaded from a domain other 
than the one typed in the URL address bar, the webpage is 
potentially suspicious.  

 

Rule :  request URL < 22%  Legit  
request URL %>=22%  and <= 61%   Suspicious  
else  Phishy 
 

5. URL of anchor: It looks like the URL feature, but here 
the links within the webpage may point to a domain different 
from the domain typed in the URL address bar. 

 

Rule : URL anchor % < 31%   Legit  
           URL anchor % >= and <= 67%  Suspicious  
            else  Phishy 
 

6. Website traffic: Legitimate websites usually have high 
traffic since they are visited regularly. As phishing websites 
normally have a relatively short life-span, they have no web 
traffic or they have low ranking. It is recommended that a 
legitimate webpage have a rank more than or equal to 150,000 
in the Alexadatabase (Alexa the Web Information Company, 
2011). N. Abdelhamid et al. / Expert Systems with 
Applications 41 (2014) 5948 5959 5955  

 

Rule :  webTraffic < 150; 000  Legit  
webTraffic > 150; 000  Suspicious  
else   Phishy 
 

7. URL Length: Phishers hide the suspicious part of the 
URL to redirect the information submitted by users or redirect 
the uploaded page to a suspicious domain. Scientifically, there 

is no reliable standard length that differentiates between 
phishing URLs and legitimate ones [6]. It is therefore 
suggested that, when the URL length is greater than 54 
characters, the URL should be considered phishy.  

 

Rule :  If     URL length < 54    Legit  
        URL length >= 54 and <=75    Suspicious  
        Else   Phishy 
 

8. Age of domain: Websites that have an online presence of 
less than 1 year may be considered risky.  

 

Rule :  age <= 6 months    Legit  
else    Phishy 
 

9. IP address: Using an IP address in the domain name of 
the URL is an indicator that someone is trying to access the 
personal information. This trick involves links that may begin 
with an IP address most companies no longer use. In the 
frequency analysis conducted earlier, 20% of the data contain 

s and all of them are associated with phishy 
websites. 

 

Rule : If IP address exists in URL Phishy  
Else  Legit 
 

10. Result features hold categorical values such as 

represented by the numerical values 1, 0 and -1, respectively.  
 

2.1. Bayesian regulated artificial neural networks 
(BRANN) 

Bayesian regulated artificial neural networks (BRANNs) are 
more robust than standard back propagation nets and can 
reduce or eliminate long cross-validation requirements. 
Bayesian regularization is a mathematical operation that 
transforms a nonlinear stress into a "well-posed" statistical 
problem in the form of back stress. The advantage of BRANNs 
is that the models are robust and verification process scaled as 
O (N2) is unnecessary in normal regression methods such as 
back propagation. These networks offer solutions to a number 
of problems that emerge in the QSAR model, such as model 
selection, model robustness, validation set selection, validation 
effort size, and network architecture optimization. Evidence 
procedures force an over transport, providing an objective 
Bayesian criterion for stopping training. Also, overloading is 
difficult because BRANN calculates and trains effective 
network parameters or weights, effectively turning off 
irrelevant networks. This effective number is much smaller 
than the standard fully connected back-propagation neural 
network weights. Automatic Rearrange Detection (ARD) of 
input variables can be used with BRANNs, which permits the 
network to "guess" the importance of each entry. The ARD 
method assures that irrelevant or high-order correlation indices 
used in the model are ignored and that they are the most 
important variable to model the efficacy data [7]. The BRANN 
model that forms the basis of our system is shown in Fig. 1 
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variable to model the efficacy data [7]. The BRANN model 
that constitutes our system is shown in Fig. 1.  

 

  
Fig. 1. The Structure of BRANN 

2.2. Artificial Neural Network Application For A Data Set 

In this study, the following transactions are performed for 
determining if the Human Activity Recognition Using 
Smartphones Data Set are human activity the data set of 1,353 
units of Human Activity Recognition Using Smartphones Data 
Set.  

 As testing data, 135 units (10%) of data have been chosen 
randomly.  

 As training data, the remaining 1218 units (90%) of data 
have been chosen.  

In this study, a feed forward network structure that contains 
an input layer, a hidden layer and an output layer (Fig. 1) was 
used. This algorithm typically requires more time, but can 
result in good generalization for difficult, small or noisy 
datasets. Training stops according to adaptive weight 
minimization (regularization). 

The regression graph of the training data set is shown in  
Fig. 2.  

 

 

Fig. 2. Regression of Training Data Set 

The regression graph of the testing data set is shown in Fig. 3. 
 

 

Fig. 3. Regression of Testing Data Set 

The regression graph of the output is shown in Fig. 4. 
 

 

Fig. 4. Regression of Output Set 

Graphic of Neural Network training performance is given in 
figure 5. 

 

 

Fig. 5. Best Training Performances 
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The error analysis graph of my work is given in Fig.6 
 

 

Fig. 6. Error Histogram 

III. RESULT AND DISCUSSION  

The comparison of experimental measurement values for 
Website Phishing Data Set and BRANN estimation values are 
shown in Fig. 7. All the randomly selected data used for test is 
different than the data used for training process.  

 

 

Fig. 7. Test Result / ANN Predict 

Finally, the graph of the values obtained from the remaining 
data which is the estimation of BRANN is shown in Fig. 8.  

  

 

Fig. 8. Train Result / ANN Predict 

As seen in the figures, the estimation results and dataset 
results are almost overlapping. The deviation between 
experimental and estimated results is very small and negligible 
for any Human Activity Recognition Using Smartphones 
performance. 

IV. CONCLUSIONS 

In this study, it has been concluded that BRANN can be 

used in the clustering procedure and better results can be 
achieved. According to the results, it has been observed that 
90% and above classification accuracy can be achieved. 
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Abstract  Optical networks are suggested as the most suitable 
platform for services and applications that require bandwidth and 
cope with continuously increasing internet users. Especially, to 
achieve communication in multiple connections; applications that 
require high bandwidth and based on multicast are necessary. 
Thus, it is estimated that in near future, Optical Burst Switching 
(OBS) will be constitute the chief background of all optical 
network. In this study, analyses have been performed to deal with a 
random attack. Ada Boost, NaiveBayes, BayesNet, Sequential 
Minimal Optimization (SMO), Multilayer Perceptron, K-Means, 
Decision Tree (J48) and Random Forest classification algorithms, 
which are machine learning techniques that present in weka 
library, have been used on dataset which are composed of 
computer test simulation data. Successes of those algorithms have 
been investigated. It has been concluded from experimental results 
that Random Forest has shown the best performance with 100% 
accuracy-success ratio. Consequently, it has proven that suggested 
classification algorithm can be successful against attacks on 
network. 

Keywords  Optical Burst Switching Network, OBS, Optical 
Networks, Machine Learning, Random Forest Algorithm. 
 

I. INTRODUCTION 

ptical networks enable to solve many problems that occur 
in present computer networks (Bandwidth etc.) and in 
addition to provide a huge capacity, they also ensure a 

common network background that supported by several 
services [1,2]. Besides, in optical network, band width can be 
adjusted for any needs flexibly [3,4]. Optical network can be 
defined as a modern network technology which enables to 
transmit information by sending light via optical fibers from 
one point to another [5]. Due to the preciptious growth of 
users of internet, a new period in optical technology have been 
demanded for internet traffic since the last decade, ultimately. 
Three  divisions have been arranged as Optical Circuit 
Switching (OCS), Optical Packet Switching (OPS) and Optical 
Burst Switching(OBS) [6].  

It is called OBS that packages, which want to reach to the 
same node are transmitted in larger optical packages, that is, in 
bursts. In OBS configuration, incoming IP packages gather in 
virtual queues (one in each destination point) to constitute 
optical bursts. Then, a control package is produced and 
transmitted via control channel in optical network to reserve 
appropriate sources in path before an offset time (latency time) 
that has determined from data and to reserve an time slot [7].  

 

 
Figure 1 : Generic structure of an optinal burst switching (OBS) 

network [8]. 

 
It takes time to process control package in every node of 

OBS. Control package always leads data burst. Control 
package and data send in different times and different 
channels. Lastly, bursts are separated at the exit node of 
network. Thus, OBS can simplify network control and 
hardware design without loss in performance, significantly. In 
OBS configuration, a data channel is only reserved from 
incoming to outgoing of burst. This situation provides to OBS 
to reach the highest efficiency. In OBS, control package 
carries information of offset time in addition to routing 
information [9,10]. OBS is shown on figure 1. 

II. LITERATURE 

 Kaur and Singh have used genetic algorithm to prevent 
DDoS attacks ,which make the outgoing wavelength from core 
node busy by intruder, in OBS [11]. 
 Rajab et al., have studied on securing OBS network from 
BHP flooding attack. The have proposed a security 
classification that enables core switches to detect BHP attack 
and measure the performance of incoming nodes. With this 
method, in all traffic load cases under BHP attack, the overall 
packet dropping rate is measured as 5% [12].   

III. EXPERIMENTS 

A. Dataset 

 In this study, it is benefitted from the test data which have 
been applied in the method that Rajab et al. have been used 
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Switching by Random Forest Algorithm 
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against attacks to OBS network. Data set have been 
downloaded from UCI website [13].  

 
Table 1: This caption is centered [13]. 

 

 

B. Data Properties 

Dataset comprises 22 attributes and 1075 numbers of 
instance. These properties are: node, utilized bandwidth rate, 
packet drop rate, reserved bandwidth, Average Delay Time 

Per Sec, Percentage Of Lost Pcaket Rate, Percentage Of Lost 
Byte Rate, Packet Received Rate, Used Bandwidth, Lost 
Bandwidth, Packet Size Byte, Packet Transmitted, Packet 
Received, Packet lost, Transmitted Byte, Received Byte, 10-
Run AVG Drop Rate, 10-Run AVG Bandwidth Use, 10-Run 
Delay and node status and class. 

 

C. Classification Algorithms 

 All experiments have been performed by Weka software 
(version 3.8)  using 10-fold cross validation strategy [14]. Ada 
Boost, Naive Bayes, Bayes Net, Sequential Minimal 
Optimization (SMO), Multilayer Perceptron, K-Means, 
Decision Tree (J48) and Random Forest classification 
algorithms have been applied on data sets. 

D. Criteria on comparing classification algorithms 

 
1) Model Success Criteria 

a) Accuracy  Error Rate 

 The most popular and simply method to measure the success 
of model is the accuracy ratio of model. It is the ratio of 
accurately classified sample number (TP + TN) to total sample 
number (TP + TN + FP + FN). Error ratio, on the other hand, 
is the completer to 1 of accuracy ratio (1-accuracy ratio).  
 

          (1) 

 

          (2)  

b) Precision 

Precision, is the ratio of true positive sample number that its 
class has estimated as 1 to all sample number that their class 
has also estimated as 1. 
 

               (3) 

     

c) Recall  

It is the ratio of accurately classified positive sample 
number and total positive sample number. 
 

                (4) 

 

d) F-Measure 

Precision and recall is not enough to obtain a meaningful 
result. Evaluating both criteria give more accurate results. F- 
measure, which is the harmonic average of precision and 
recall, enables to utilize these criteria together.  
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                (5) 

  
2) Kappa Statistic 

Variation between spectators can be measured in every 
situation when two or more spectator evaluate the same thing 
[15]. Kappa number changes between -1 and +1. If complete 
harmony is present, K will be equal to 1. If spectating harmony 
is equal to chance depended harmony or bigger than that value, 

  whereas if it is smaller than that value, K<0. Interpreting 
range of kappa number is 0 and 1, Negative values are not 
reliable. On the other hand, values that are bigger than 0.4 is 
acceptable [16]. Kappa number has calculated as:  
 

                (6) 

 
P0 Accepted rate, Pc Expected rate of acceptance. 

IV. EXPERIMENTAL RESULTS 

 
By using machine learning approach and classification 

algorithms like Ada Boost, Naive Bayes, Bayes Net, 
Sequential Minimal Optimization (SMO), Multilayer 
Perceptron, K-Means, Decision Tree (J48) and Random 
Forest, which are present in Weka library, model have been 
created using data from dataset. Algorithms success have been 
measured and shown in table 2 according to model success 
criteria and kappa statistic that have been used in these 
classification algorithms.  
 

Table 2. Accuracy results of classification algorithms 

 
  

By considering accuracy, precision and recall criterion, the 
best result has been obtained from Random Forest algorithm. 
According to those criteria again, J48, K-Means, MP, Bayes 
Net, Naive Bayes and Ada Boost has followed Random Forest 
algorithm, respectively. 

When evaluating both precision and recall by other means 
when considering the F-measure, again Random Forest 
algorithm gives the best result. Additionally, it has seen that 
when kappa number approximates to 1, the results have not 
been obtained by chance.  

Generally, when interpreting results, the best performance 
has been shown by Random Forest algorithm by 100%. 

V. CONCLUSION 

In this study, machine learning techniques and methods on 
dataset which is about of test data performance of conducted 
simulation studies of OBS have been investigated. 
Performance comparison of classification algorithms of dataset 
have been performed by considering model success criteria 

and kappa statistic value. Ada Boost, Naive Bayes, Bayes Net, 
Sequential Minimal Optimization (SMO), Multilayer 
Perceptron, K-Means, Decision Tree (J48) and Random Forest 
classification algorithms that are present in Weka library have 
been used. 

It has been concluded that the accuracy have been affected 
by data distribution in dataset classes when model success 
criteria and kappa statistic results have been taken into 
consideration. The best performance has shown by Random 
Forest classification with 100% overall accuracy. 

It is necessary that in burst composition, the most ideal burst 
dimensions on algorithm should be specified by taken time and 
burst threshold value into account. Considering burst 
composition methods and parameters on OBS, the most ideal 
classification will be performed by Random Forest algorithm 
in terms of accuracy. Thus, during DDoS attacks and core 
node based wavelength attacks, Random Forest algorithm can 
make those attacks busy by its high performance and it can 
prevent nodes of attacked network by isolating they 
completely. 
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Abstract  In this paper a new heuristic algorithm based on 
herd intelligence which is called salp swarm optimization 
algorithm (SSA) was applied. Salp swarm optimization algorithm 
simulates salp swarms behavior to solve optimization problems. 
Firstly the biological structure of salp swarm optimization 
algorithm was examined and then mathematically expressed by 
evolutionary operators. Artificial intelligence optimization 
algorithms based on different intelligence that still maintain the 
update in the literature have been selected and compared with 
salp swarm optimization algorithm under equal conditions within 
unconstrained optimization problems. The properties of the 
optimization test problems are also included in the study. These 
optimization problems are chosen as unimodal (UM) and 
multimodal (MM). In the face of UM and MM optimization 
problems, the salp swarm optimization algorithm is explained 
with the tables and graphs of the superior and missing aspects of 
the other algorithms. 

 
Keywords  Optimization, Swarm Intelligence, Salp Swarm 

Optimization Algorithm. 
 

I. INTRODUCTION 

T is acknowledged that the most important human activities 
are decision making. Whether it is social, economic, 

business, technological, decisions have a lot to impact our 
lives. Optimization techniques play a crucial role in finding the 
best ways to maximize a problem or a decision maker's 
maximum benefit from available resources. Optimization 
techniques can be divided into two categories as traditional 
optimization techniques and modern optimization techniques. 
Traditional optimization techniques are used to solve the 
general linear optimization problem [1]. Many optimization 
problems such as unconstrained optimization problems, large 
scale unconstrained optimization problems, linear constrained 
optimization problems, nonlinear constrained optimization 
problems have been sought [2-3]. Many engineering problems 
to be resolved with the traditional method is very complex and 
difficult [4-5].  

With the development of modern computer technologies, it 
has become more difficult to solve various problems with 
traditional optimization algorithms [6-7]. Researchers have 
begun to look for and suggest optimization methods that are 
called modern optimization algorithms which are smarter and 

more efficient. Over the past few years, the number of 
optimization algorithms inspired by nature has become 
increasingly important. Nature serves as an efficient resource 
for designing the artificial computing system to solve complex 
problems. These include many artificial intelligence 
optimization algorithms such as genetic algorithm (GA) [8], 
whale optimization algorithm (WOA) [9], particle swarm 
optimization algorithm (PSO) [10], cat swarm algorithm 
(CSA) [11], social spider optimization algorithm (SSO) [12], 
artificial bee colony algorithm (ABC) [13], ant colony 
optimization algorithm (ACO) [14], differential evolution 
algorithm (DE) [15], bacterial foraging optimization algorithm 
(BFO) [16], firefly optimization algorithm (FF) [17], cuckoo 
optimization algorithm (COA) [18]. 

In this study, the performance of salp swarm optimization 
algorithm (SSA) against unimodal and multimodal 
optimization problems is investigated. The performance 
evaluation between the social spider algorithm (SSO) and 
moth flame optimization algorithm (MFO), which are among 
the heuristic optimization algorithms existing in the literature, 
and the salp swarm optimization algorithm is performed [21-
22]. The performance results are given in detail with the tables 
and graphs in the experiments and results section. 

 

II. SALP SWARM OPTIMIZATION ALGORITHM (SSA) 

A. The Biologic Structure of SSA 

Salp is called transparent fish. The all organs of this fish are 
transparent expect for orange tongue. There is like a jelly 
structure that feels it is covered with fish scales when touched. 
The salps is a living species that pumping water into the body 
and moving it shrinks by stretching. Although it is 
invertebrate, it is known as a pre-primitive and primitive living 
species that gives an idea of how vertebrate creatures develop 
in the evolutionary process [19].  

These tiny fish in the form of barrels, in the ocean, feed the 
waters through the feeding filters and planktons at this point 
will be eaten. The life cycle of the salps lives in the form of an 
individual or a swarm community. Salps can live alone or 
swarm. Living in a large group, the shrapnel ties together their 
bodies in chains and they feed and grow together. This 
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movement of the salps is shown in Figure 1. The salps 
reproduce in two ways as sexual and asexual. The salps come 
together to form a colony in sexual reproduction. In asexual 
reproduction salps are alone [20]. 

 
Figure 1: The movement of salp swarm in the ocean 

 

B. Mathematical Model and SSA 

In order to mathematically model the salp swarm, two teams 
are separated as the leaders and followers. The leader in the 
front of the swarm is considered a leader. All the parts behind 
the leader in the swarm are considered followers. The location 
of the salp is defined in an n dimensional search field; where n 
is the variable number of a particular problem. A two-
dimensional matrix called x stores the entire salps position. 
There is an evolutionary operator called F, which is the target 
of the swarm in search space. This F also represents the source 
of food. Equation 1 is used to update the leader's position [23]. 

                      (1) 

 
where  represents the first salp (leader) position in the jth 

dimension. The most important parameter of the SSA is . 

Exploration and exploitation are balanced as in Equation 2: 
 

                                                                              (2) 
 
where l and L, respectively, indicate current iteration and the 
maximum number of iterations. Equation 3 is used to update 
the position of follower salps. 

 

                                                                 (3) 

 
All the steps of the SSA algorithm are as shown in Figure 2. 

Figure 2: Pseudo code of the salp swarm algorithm [23] 
. 

III. EXPERIMENTS AND RESULTS 

There are many optimization problems in engineering and 
literature to measure the success of artificial intelligence 
optimization algorithms. The problems and characteristics to 
be used in this study are summarized in Table 1 in detail. The 
problems were selected as UM and MM. 

Table 1: Benchmark Functions 

Functions 
Lower and 
Upper Limits 

Min D Type Equation 

f1 Sphere [-5.12, 5.12] 0 30 UM  

f2 Rosenbrock [-30, 30] 0 30 UM  

f3 Powell [-4, 5] 0 24 UM 
 

f4 Rastrigin [-5.12, 5.12] 0 30 MM  

f5 Ackley [-32, 32] 0 30 MM 
 

f6 Griewank [-600, 600] 0 30 MM  
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In order to investigate the ability to solve the selected 
optimization problems of the salp swarm optimization 
algorithm, comparative experiments were carried out under  

equal conditions with the moth flame optimization algorithm 
(MFO) and the social spider optimization algorithm (SSO). 
Each experiment is run 30 times and the performances of all 
algorithms are presented in Table 2. 

Table 2: Comparison of Algorithm

 
Table 2 was formed by calculating the best value, the worst 

value, mean, median, standard deviation values for SSO, 
MFO, SSA algorithms. 

The convergence graphs of the algorithms for the obtained 
results are shown in Figure 3. 

 
 

          
(a)                                                                                                (b) 

Figure 3: (a) Average fitness graph for Rosenbrock Function 
                (b) The best fitness graph for Rosenbrock Function 

 

IV. CONCLUSION 

In this study, general information about artificial 
intelligence optimization algorithms is given and inferences 
about the successes of these algorithms against solving 

engineering problems and against optimization problems have 
been made. The salp swarm optimization algorithm (SSA), 
which is at the focus of the study, avoids early convergence 

Functions Algorithms 
The Best  

Value 
The Worst 

Value 
Mean Median 

Standard  
Deviation  

f1 

SSO 1.41E-003 1.06E-002 5.51E-003 5.26E-003 2.08E-003 

MFO 2.66E-008 5.24E+001 6.99E+000 5.54E-007 1.52E+001 

SSA 1.08E+001 2.87E+001 1.97E+001 1.97E-001 4.44E-000 

f2 

SSO 2.95E+002 9.63E+002 5.09E+002 4.75E+002 1.49E+002 

MFO 1.02E+000 8.00E+007 2.68E+006 2.02E+002 1.46E+007 

SSA 6.35E+005 8.53E+006 4.37E+006 4.47E+006 1.63E+006 

f3 

SSO 1.43E+000 8.47E+000 4.03E+000 3.81E+000 1.85E+000 

MFO 8.75E-003 3.74E+003 6.40E+002 1.47E+002 1.01E+003 

SSA 2.62E+002 1.31E+003 7.71E+002 7.61E+002 2.49E+002 

f4 

SSO 3.52E+001 5.78E+001 4.66E+001 4.89E+001 6.30E+000 

MFO 7.86E+001 2.46E+002 1.54E+002 1.55E+002 4.29E+001 

SSA 1.93E+002 2.63E+002 2.30E+002 2.33E+002 1.72E+001 

f5 

SSO 3.11E-001 1.15E+000 7.43E-001 7.17E-001 2.03E-001 

MFO 1.09E-002 1.99E+001 1.44E+001 1.90E+001 7.86E+000 

SSA 1.30E+001 1.59E+001 1.47E+001 1.48E+001 6.92E-001 

f6 

SSO 7.41E-001 1.03E+000 9.73E-001 1.00E+000 7.27E-002 

MFO 1.01E-004 1.80E+002 2.11E+001 2.34E-002 4.56E+001 

SSA 4.80E+001 1.17E+002 7.45E+001 7.11E+001 1.77E+001 
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and is ambitious to reach a global minimum or maximum, has 
been investigated, primarily in terms of its biological structure, 
its mathematical expression, and the steps of the algorithm.  

It can be safely concluded that the SSA algorithm is an 
appropriate algorithm for solving optimization problems and 
engineering problems, as evidenced by the average and best fit 
values of 30 experiments on the problem solving struggle that 
has been introduced with various algorithms. 

The most important conclusion to be drawn from this study 
is that the problem for all algorithms and the more exciting 
results can be obtained if the initial parameter values of the 
algorithm are set very well. 
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Abstract - Estimation of energy demand is used as an important 
tool for decision makers determining company strategies and 
policies. Apart from this, the fact that the actual consumption 
differs from the forecast is harmful for the economy of the 
company and even for the economy of the big scale. In this study, 
it is aimed to estimate the imbalance aberration caused by 
demand forecast deviation with Artificial Neural Networks and to 
evaluate its results.  

 
Keywords  Artificial Neural Network, Demand Prediction, 

Unbalance cost, prediction, Energy Demand  
 

I. INTRODUCTION 

CCURATE estimation of the amount of energy needed by 
countries is important for decision makers that determine 

energy strategies and policies. Particularly, in energy-driven 
outsourcing countries and in developing countries where 
demand for electricity is rising relatively fast, the demand 
forecasts become even more important. On the basis of this 
precept lies both economic and political reasons. It is 
economically important; energy consumption has affected 
many economic parameters such as current account deficit, 
inflation and growth. Furthermore, the liberalization of energy 
markets, which are becoming increasingly widespread 
throughout the world, has led to the energy prices being 
determined by supply and demand to a large extent. For this 
reason, imbalances are generally punished in other examples 
of energy markets in the world and in Turkey.  

Electricity is an energy that must be consumed when it is 
produced because it cannot be stored, or rather it is very costly 
to store. Therefore, demand forecasts in electricity markets are 
indispensable. In order to meet the electricity ne  
( - Turkey Electricity 
Trade and Contracting Co.) receives energy with bilateral 
agreement depending on the estimations that it has sent from 1 
year ago. However, estimates made a year ago do not 
adequately reflect the needs of the present day, and companies 
are aiming to get the energy they need by estimating demand 
in the Day Ahead Market (DAM). However, if the amount of 

in the day, or if it is in excess of the amount of energy, 
companies have to provide the supply demand balance by 
selling the excess electricity on  
their hands or by purchasing the missing part from this market. 
This situation causes the imbalance costs. This loss must be 
able to be controlled / predicted.  

Recently, studies have been carried out on electricity energy 
consumption and load forecasting, distribution and planning 
analysis in electricity generation. Grey 
prediction with rolling mechanism for electricity demand 
forecasting of Turkey are proposed in the estimation of 
electricity demand. The study shows that the GPRM approach 
can be used as a useful tool for short-term load estimation for 
Turkey [1]. 

 in Turkey, load estimation was performed by two 
different methods. These methods are artificial neural network 
backpropagation algorithm and nonlinear trend analysis 
moving average methods. It has been shown that the most 
appropriate method is artificial neural network. The estimates 
obtained by both methods of 2001 were compared with the 
actual values and it was found that the estimation results are 
very close to the real values [2].  

Turkey's electricity consumption is modeled using the 
Support Vector Regression. According to the model result, 
Turkey's electricity consumption in the next 20 years will 
reach 284.9 TWh, which is estimated to be about twice the 
2006 value. They stated that the relevant institutions should 
plan a significant increase in the future power plant capacity 
[3]. 

In order to estimate China's energy demand from the 
countries with the highest energy consumption and to examine 
the dynamic nature of electricity consumption, a statistical 
power consumption model from 1980 to 2012 was developed. 
It was developed using the model Intelligent Swarm Firefly 
algorithm [4]. 

Many other similar works have been proposed either in the 
past [5 9] or more recently [10 14]. 

In this study, models were developed to predict demand for 
electricity in the DAM using artificial neural networks (ANN). 
Different architectures have been tried to achieve the most 
optimal prediction in the developed models. 
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II. MATERIALS AND METHODS 

A. Artificial Neural Networks  

Artificial neural networks can collect information about 
samples, make generalizations, and then decide on those 
samples using information they have learned in comparison 
with samples they have never seen before. The goal of an 
ANN is to compute between output and input values with 
some internal calculations [15]. The first computational model 

of artificial neural networks was based on 1943 by W.S. 
McCulloch ve W.A. Pitts [16]. ANN is widely used in 

various fields such as prediction [17], control systems [18], 
classification [19], optimization [20] and decision making 
[21]. ANNs are a parallel distribution processing method in 
which neurons and weights linked to neurons are put together. 
The relationship between the input and output can be learned, 
simply based on the basic principle of operation. A multilayer 
sensor (MLP) is one of the best-known types of ANNs 
consisting of an input layer, an output layer, and one or more 
hidden layers [22].  

There are activation functions defined between layers. The 
most common ones are given in Table 1. 

Table 1: Transfer functions common used in algorithms   

Transfer 
function 

Algorithm 

Tansig tansig(n) = 2(1 + exp (-2n))  1 
Purelin purelin(n) = n, for all n 
Logsig logsig(n) = 1(1 + exp (-n)) 

 
Also there are many different types of training algorithms. 

One of the most common training algorithms is Feed Forward 
Back Propagation algorithm  (FFBP) [23].  

B. Data Collection 

The data were obtained from TETAS web page [24]. 
 which was established as the first and only public 

wholesale company of Turkey with the split of Turkish 
Electricity Generation and Transmission Company (TEAS) in 
2001 as part of the liberalization activities in the energy sector, 
is an Economic State Entity limited to the responsibility of the 
State and is in compliance with the general energy and 
economy policy of the State electricity trading and contracting 
activities. 120 data were taken from the web page.  

DAM (Day Ahead Market), MCP (Market Clearing Price), 
DBA (Distribution Bilateral Agreement) and RBA (Retail 
Bilateral Agreement) were used as input data. The owning cost 
is considered as output data for each model. The statistics 
belong the data are given table 2. 

 
 
 
 
 

 
 

Table 2. The ranges of data set and their statistic 

Parameters Data Statistic  

 Ranges Mean  
S.D. 

Unit 

Input Layer    

MCP   10,1 - 227,2 149,6  52,53  Lira 

DAM 302,8 - 647,8 450,6  77,01      

DBA    4,0 -  248,0 116,5   41,13 MWh 

RBA 150,0  386,0 271,3   54,20  MWh 

Output Layer     

    O. Cost -12636,9-52258,2 13051,7  14421,7 Lira 

 
This data was used as 100 training data and the remaining 

20 pieces were used for testing purposes. RBA. the amount of 

DBA, th
estimated, and the estimate of the DAM is the estimate for the 
day. Depending on the structure of the energy market, 
companies can buy from the market in several different ways. 
As stated earlier, the prices in the liberalizing market and the 
electricity market are determined by hourly supply and 
demand amounts. The MCP shown in our data set shows the 
actual hourly prices, which are based on the supply and 
demand balance. 

And in order to obtain convergence within a reasonable 
number of cycles, the input and output data should be usually 
normalized. Normalization method as follows: 

 
                                               [1] 

 
where  is the normalized value, x is the original data, xmax 
and xmin, respectively, is the maximum and minimum values, 
thus the scaled data ranging between 0,1 and 0,9. 

C. Network Properties  

Neural network based modeling were performed using 

MATLAB. 24 different models were developed to find the 

architect who made the most optimal prediction. The network 
properties used in these models are as follows: 

 Network type: Feed-Forward Back-Propagation. 
 Training function: TRAINLM. 
 Adaption learning function: LEARNGDM. 
 Performance function: MSE. 
 Number of hidden layers: 1,2. 
 Number of Neurons: 1-14 
 Input Layer Transfer function: logsig, purelin and tansig 
 Output Layer Transfer function: purelin 
 Iterations numbers : 1000 
The mean square error (MSE) was applied as the error 

function calculated from the following equation [25]: 
 

RMSE=                                          [2] 
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[3] 

 
 

    MAE=                                                                                 [4]                            
                                                                                                                                                                                                                             
 
where n is the number of data points,  is the network 

prediction, 
 is the experimental response and i is an index of the 

data. 
yi is the measurement, 

i is the true value. 
 

III. RESULT AND DISCUSSION 

In this study, ANN models were developed to estimate the 
imbalance loss caused by the electricity demand forecast 
deviation of energy market suppliers. Levenberg-Marquardt 
(TrainLM) backpropagation algorithm, Hyperbolic tangent 
sigmoid (TansiG), Log sigmoid (sigmoid) and Linear (Purelin) 
functions are used as transfer functions in hidden layer and 
output layer in ANN models. In addition, 1 or 2 hidden layers 
were used in each model and the training process of the model 
was performed using 1000 iterations. The number of neurons 
in the hidden layer was varied from 1-14, and the predictive 
value of each model was measured by MSE. The most optimal 
number of neurons is 14, the number of hidden layers is 1, and 
the learning function is trainlm. The regression values for the 
most optimal ANN model are shown in Fig 1.  

Figure 1. Optimum Network Regression  
Statistical information showing the performance of the 

developed ANN model is summarized in Table 2. The 
correlation coefficient values obtained from the ANN model 
for the training and test data set were found to be 0.96 and 
0.78, respectively. 

 
 

 

Table 2: This caption is centered. 

Optimum  
Structure 

Statictic Value 
Train Test 

4-1(14)-1 
RMSE MAE R RMSE MAE R 
0,080 0,032 0,976 0,105 0,079 0,952 

 
The accuracy of the improved ANN model is proved by the 

low low RMSE and high correlation coefficient values for the 
test data set. 

The results show that the ANN algorithm identifies the 
relation between input and output variables in a meaningful 
way and that the output variable can be estimated with high 
accuracy. 

 

 
     Figure 2. Compare the real and predicted value  

IV. CONCLUSION 

 
Artificial Neural Networks (ANN) are used successfully in 

modeling the problem by learning the complex relationship 
between input and output data in the best way. In this study, 
ANN models were developed to estimate the imbalance loss 
caused by the electricity demand forecast deviation of energy 
market suppliers. For this purpose, 120 different data sets 
obtained f
development of the ANN model. Levenberg-Marquardt 
backpropagation algorithm is used as a learning algorithm in 
the ANN models developed to estimate the imbalance loss 
caused by demand forecast deviation, and tansig, sigmoid, 
purelin function is used as an activation function in the hidden 
layer and output layer.  

In addition, it was determined that the statistical comparison 
of the estimated values obtained from the established ANN 
models with the measurement results is the structure of the 
network architecture (4-1(14)-1) that best predicts the resultant 
R%, RMSE and MAE both traing and test study. 

In the results obtained from the developed model, it was 
seen that the best ANN model defined the relationship between 
the input and output variables in the data set very well and 
predicted the output variables at high accuracy. This has 
shown that ANN can be used as a successful tool in predicting 
the imbalance loss caused by energy market suppliers' 
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deviation of electricity demand forecasts. 
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Abstract - Augmented reality is created in the computer 
environment without leaving the actual environment, and 
interacts with software through the virtual environment. Display 
of objects created in the virtual environment at the specified 
points in the real environment. Augmented reality is used in a 
wide variety of ways such as e-commerce, manufacturing, 
shopping, journalism, sports, entertainment, health, architecture. 
In this study, geometric shapes were taught and the application 
was developed with Unity 3D, Vuforia SDK. 

 
Keywords - Augmented reality, geometrical shapes, virtual 

environment in education. 
 

I. INTRODUCTION 

MERGING technology, is used in all areas of today. 
While the sectors such as health, textile and transportation 

are influenced by technology, they have a share in being 
affected by technology in education. If we look at the 
developments in the educational environment, the blackboard 
and the chalk have left their place smart and the progress of 
the technology in education has been accelerated. In education, 
virtual reality and augmented reality issues have become 
effective in the field of technology. In the area of virtual reality 
and augmented reality, the application area has been increased 
to provide an easier and more understandable educational 
environment for the students. In this study, an application was 
prepared to help students at primary level as a target on these 
branches. In practice, it is aimed to teach 3 dimensional 
geometric shapes to students in virtual environment. 

II. AUGMENTED REALITY 

Augmented reality is that people are related to 3D objects in 
a virtual environment created in a computer environment 
without being abstracted from the real environment. In today's 
society as well as in the field, there is a growing use of reality 
technology. The augmented reality is that the user is 
intertwined with the virtual objects without breaking the 
connection from the real environment. That is, a real 
environment and a virtual environment can be combined. 
Augmented reality applications allow users to be interactively 
managed in computer-generated virtual environments. 

Augmented reality is used as much as possibilities in the 
field of education, although it is a new technology. That is to 
say, the increase in the usage rate in the field of education in 

the future is doubtless expected. Augmented reality is also 
used effectively in the simulation field. That is, modeling work 
in car companies is carried out in the context of augmented 
reality, which gives the competent people the advantage both 
in terms of freedom and cost. In addition, when this system is 
used in the field of education in the schools, the motivation 
and interest in the learning of the students are observed to 
increase and the learning is facilitated. The effect of the 
materials reinforced with augmented reality in the field of 
education on vocabulary learning and reasonableness was 

augmented reality, simulation and real object use on learning 
achievements, motivations and psychomotor performance was 

 

III. APPLICATION OF AUGMENTED REALITY IN 

EDUCATION 

One of the areas where augmented reality is used is 
education. For primary school students, visuality and different 
perspectives in education have always been important. In this 
study, a model which teachers can help students to describe 
mathematical forms in three dimensions is presented. Model 
representation was performed in Unity 3D environment. It can 
be thought of as a Unity 3D game engine. Manipulation and 
simulation processes are performed by using the desired 
programming languages. In this study, three dimensional 
objects are placed on the shape when the technological device 
that the user uses is holding the desired one dimensional 
geometric shape to the camera. With augmented reality, we 
can actually feel like we're holding on to the three-dimensional 
geometric shapes that we do not have on paper. 

After the installation of the Unity 3D program, in which the 
project is being developed, both the data base and the camera 
operations can be used in applications, so you have to go to 
https://developer.vuforia.com/ to join. To integrate the Vuforia 
environment into the Unity 3D program, the plugin must be 
included at https://developer.vuforia.com/downloads/sdk by 
downloading the plugin. After the downloaded file is added to 
Unity 3D, you should go to "License Manager" and "Target 
Manager" sections in "Devolop" tab on Vuforia page. In order 
to use the Vuforia camera plugin in the application, a project is 
created from the "License Manager" section to obtain the 
license key. Transferring photos to the database and exporting 
the database is done in the "Target Manager" section. The 
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"Add Database" button in the "Target Manager" section is 
clicked to create a new database and the type of media to be 
used for the created database is selected. In order to use the 
created database in the application, click the "Download 
Dataset" button and the file to be included in Unity 3D 
program is downloaded. Downloaded files are included in the 
project. The Unity 3D environment in which the work is 
performed is shown in Figure 1. 
 

 
Figure 1: Unity program interface 

 
The logical process step of the application to be performed 

in the field of education is shown in Figure 2. 
 

 
Figure 2: Logical sequence 

 
The main screen display is set using the materials on the 

Unity 3D toolbar. In addition, the desired geometric shapes 
can be downloaded from the Asset Store within the Unity. In 
addition, the desired geometric shapes can be downloaded 
from the Asset Store within the Unity. The program has been 
integrated into the desired background database. Figure 3 
shows the operation of the application on a fixed floor, where 
the drawings are completed and the necessary tools are loaded. 
 

 
Figure 3: Application of the application on a fixed surface 

 
In Figure 4, the user is shown in the hands of the user, 

independent of the floor of the application. 
 

 
Figure 4: Application of the user in the hands of the user 

 
In Figure 5, there is a side view of the user in his hand, 

independent of the floor of the application, to better illustrate 
the lateral areas of the geometric shapes. 

 

 
Figure 5: Lateral areas of geometric shapes used in practice 

 
In this study, an additional camera was connected to the 

computer and calibration was provided to facilitate shape 
detection. After the coordinates of the shapes are also adjusted, 
the screen image is taken when the virtual environment is 
started. Thus, technology has entered into the field of 
education and visual persistence has been provided in the field 
of education. 
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IV. CONCLUSION 

Augmented reality in learning of geometric shapes has been 
used in the field of education. This study was conducted in 27 
students aged 6-8 years. 15 of these students are girls and 12 
are male. 27 students were first described by drawing 
geometric shapes on the board and after 3 days from the 
students, the names of these figures were requested to be 
repeated and the success rate calculated. Then the geometric 
shapes are explained with the application made in Unity 3D 
program. After 3 days again the figure names are requested to 
be repeated and the success rate is calculated. Since the first 
narrative was far from visual and it was not memorable, the 
success rate was low and the success rate was 62.9%. The 
success rate of expression in this way is shown in Table 1. 

 

Table 1: The results of the virtual environmentless expressio 

Number of Right-
Knowing Students 

Number of Students 
Who Know Wrongly 

Success Rate (%) 

17 10 %62,9 

 
With the application made in Unity 3D environment, the 

success rate was calculated as 88.8% because it increased the 
motivation and reminiscence by drawing attention of the 
students. The success rate of this narrative is shown in Table 2. 
 

Table 2: Results of virtual media expression 

Number of Right-
Knowing Students 

Number of Students 
Who Know Wrongly 

Success Rate (%) 

24 3 %88,8 

 
As a result; Virtual applications have achieved serious 

success in the educational field. The success of these 
applications is based on visibility and attracting the attention 
of the user. Based on these results, it is thought that the 
number of such applications will increase in the field of 
education in the future. 
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Abstract  Automatic analysis of emotion recognition has 
many applications and it is a developing area nowadays. 
Feature selection is also important step in emotion recognition. 
In this study automatic emotion recognition is presented with 
selecting features using Opt-aiNET algorithm. Firstly spectral 
features are extracted using Berlin Emotional Database (EMO-
DB). Opt-aiNET optimization algorithm is applied for selecting 
the features. According to the results of the classification, it is 
shown that feature selection with Opt-aiNET optimization 
algorithm is an acceptable method.  
 

Keywords - Emotion Recognition, Spectral features, ANN, 
Opt-aiNET 

I. INTRODUCTION 

PEECH is most important way to denote the emotions to 
the other persons. Also emotion recognition is now 
gained great importance. In this paper we represent a 

feature selection method with Opt-aiNET algorithm which is 
an optimization algorithm.  

Sentiment analysis was firstly dealt with by Nasukawa 
and his friends [1] in 2003. It has evolved over time to find a 
lot of application areas.  
Emotion recognition is also important in the diagnosis of 
some diseases and psychological conditions. For example, 
when examining the acoustical characteristics of people who 
evidence of depression and suicide is found diagnosis-
related cues. [2]. The design of advertising and marketing, 
and call-center applications are also mostly used application 
areas of emotion recognition. [3]. Emotion detection is also 
of great importance especially when the selecting of the 
significant number of incoming calls to emergency call-
centers. [4] 

The most important steps in emotion recognition are 
feature extraction and selection. The feature selection 
methods can be investigated in two ways as spectral and 
prosodic features. Mel-Frequency Cepstrum Coefficients 
(MFCC), Linear Predictive Coefficients (LPC) and Wavelet 
Transform can be considered as spectral features. Basic 
frequency (F0) value is one of the main prosodic features.  

One of the vector features is Linear Predictive Coefficients 
(LPC) which have importance in characterizing spectral 
features of a speech sign in time environment [5, 6]. MFCC 
can be calculated without the necessity of LPC because while 
linear predictive analysis is modelling speech path, MFCC 
features models human ear [6]. As a result of this, MFCC 
method produces quite successful results in ER applications 
[6, 7].  
The features extracted with Wavelet Transform is also used 
in recognition in many applications [8]. Continuous wavelet 
transform has been developed as an alternative to the Short 
Time Fourier Transform to optimize the frequency-
dependent transient solutions. Even though the majority of 

applications are made with Discrete Wavelet (DWT)[9, 10], 
there are also applications uses continuous wavelet 
transform[11].  

In this application Berlin Emotional Database (EmoDB) 
[5] is used. Firstly features extracted with DWT. Before the 
obtained features are given classifiers, some statistical 
features are extracted from these features and new attributes 
are obtained. Opt-aiNET algorithm is used for selecting the 
features. Selected features are given classifier. Artificial 
Neural Network (ANN) was used as classifier. As a result of 
the selection process, it is concluded that the classification 
success is increased so that the feature selection with opt-
aiNET is an effective method. 

The paper is divided four sections. In section 2, It is 
explained the methods used in the application. An overview 
of the database is given in section 3. Finally, proposed 
method and experimental results are dedicated in section 4. 
 

II. METHOD 

A. Opt-aiNET Algorithm 

 
aiNET algorithm is developed for clustering  which is a 

discrete immune network algorithm.  Opt-aiNET algorithm 
is a little more developed state of aiNET and its adaptation 
for optimization of problems [12].  

The Opt-aiNET algorithm shown as below [12]. 
 
Network cell: individual of the population. 
Fitness: fitness of a cell in relation to an objective function 
to be optimized.  
Affinity: Euclidean distance between two cells. (Eq. 2) 

  (2) 
Clone: offspring cells that are identical copies of their parent 
cell.  
1. Randomly initialize a population of cells (the initial 

number of cells is not relevant) 
2.  Whereas stopping criterion  
2.1.  Determine the fitness of each network cell and 

normalize the vector of fitness. 
2.2  Generate a number Nc of clones for each network cell. 
2.3  Mutate each clone proportionally to the fitness of 

its parent cell, but keep the parent cell. The 
mutation follows Eq. 3. 

                          (3) 

Where  is mutated cell c, N(0,l) is a Gaussian 
random variable of zero mean and standard 
deviation , is a parameter that controls the 
decay of the inverse exponential function, and    
is the fitness of an individual normalized in the 
interval [0,1]. A mutation is only accepted if the 
mutated cell  is within its range of domain.  

-
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2.4  Determine the fitness of all individuals of the 
population. 
2.5  For each clone, select the cell with highest fitness 

and calculate the average fitness of the selected 
population. 

2.6  If the average error of the population is not 
significantly different from the previous iteration, 
then continue. Else, return to step 2.1 

2.7  Determine the affinity of all cells in the network. 
Suppress all but the highest fitness of those cells 
whose affinities are less than the suppression 

cells, named memory cells, after suppression. 
2.8  Introduce a percentage d% of randomly generated 
             cells and return to step 2.3.  End While 
 

B. Discrete Wavelet Transform (DWT) 

The Wavelet Transform is suitable for multiresolution 
analysis, where the signal can be analyzed at different 
frequency and time scales [8].  

There are several types of wavelet transforms and 
depending on the applications. For a continuous input 
signal, the time and scale parameters can be continuous, 
leading the Continuous Wavelet Transform (CWT). They 
may as well be discrete leading to Wavelet Serious 
expansion. Secondly the wavelet transform can be defined 
for discrete time signals leading to Discrete Wavelet 
Transform (DWT). [9] 

The wavelets are shifted and expanded around discrete 
numerical values depending on the distance in DWT. The 2 
factor is usually used for amplitude change and the 
mathematical expression is as follows:[13]  

 
l:  Shift factor 
k: Scaling factor 
 

Wavelet transform is a tool that separates functions, 
operators, or data into different frequency components and 
allows you to work on each component separately. In CWT, 
the wavelet coefficients for all scale values are calculated 
over the whole time axis. As a result large amount of data 
and processing load are occurring. DWT is developed to 
eliminate these disadvantages. In DWT the wavelet 
coefficients are calculated only at certain points by selecting 
the powers of the scale values two so that the number of 
operations is reduced.[14] 

An efficient way for implementing DWT scheme by 
passing the signal through a series of low-pass (LP) and 
high-pass (HP) filter pairs developed by Mallat [15].  

C. Artificial Neural Network (ANN ) 

ANN (Artificial Neural Network) is a parallel and 
distributed processing of information that is inspired by the 

human brain, composed of processing elements, each of 
which has its own memory, connected by weighted 
connections. [16-18] 
  ANN can be considered as an electronic model of neural 
network structure [13]. Neurons that are cells of real neural 
network in ANN are modelled as a knot. Networks are 
obtained with binding more than one knot. Multilayer 
structures consist with binding of two or more neural layers. 
In real-life problems, multilayer ANN (multi-layer 
perceptron) is commonly used. ANN is used widely and 
efficiently in many pattern recognition problems, speech 
recognition, and learning robot control strategies [14]. In 
this paper we have used ANN (Artificial Neural Network) 
for classification. 
 

III.  MATERIAL  

In this paper we used Berlin Emotional Database 
(EmoDB) [10]. In Berlin Database, there are seven 
emotional conditions. These emotions are Anger, Boredom, 
Disgust, Anxiety (Fear), Joy, Sadness, Normal.  

Ten actors (5 female and 5 male) simulated the 
emotions, producing 10 German utterances (5 short and 5 
longer sentences) which could be used in everyday 
communication and are interpretable in all applied emotions. 
The frequency sample is 16 kHz. 
 

IV. PROPOSED METHOD AND RESULTS  

 
In this application ER is carried out with EmoDB [5]. 

Features are extracted from the data using DWT and some 
statistical features are extracted from these features. Opt-
aiNET algorithm is used for selecting the features. Selected 
features are classified with ANN. (Fig. 1) 

Firstly DWT is applied to database. The outputs of High-
pass filters provide detail, D1; and the low-pass filters 
provide approximation, A1 [19]. The implementation of 
DWT is shown in Fig. 2. The wavelet coefficients were 
computed using the Daubechies-2 wavelet function. 
According to schema in Fig. 2 DWT is performed for seven 
levels.   

In advance, the features obtained with DWT are different 
lengths for each data. In the first step, data reduction was 
made by taking statistics of each coefficient. Used statistical 
methods are indicated in Table 1. As shown Table 1 not 
only statistical values of coefficients of A (CA) values also 
statistical values of frequency values are used in the 
application.  
 

 

 Figure 1: The steps of process for Dataset1 and Dataset2

Database

EMODB

Feature Extraction

statistical features of DWT-
(Dataset1)

Feature Selection

with Opt-aiNET -Dataset2

Classification

ANN
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Figure  

 
The feature group consisting of statistical values extracted 
from DWT was defined as Dataset1.  

Table 1: Statistical Methods used for DWT features  

 
 
 

DWT Features  
 

Maximum value of  CA 
Maximum value of  Frequency 
Minimum value of CA 
Minimum value of Frequency 
Mean Value of  CA 
Standard deviation of CA 
Skewness value of  CA                                      
Kurtosis value of  CA 

 
 

Each statistical value group of CA is thought an agent in 
this study. Seven agents are used in the application. A brief 
algorithm is below: 

 Select features using with DWT 
 Named Agents for each level of DWT as Agent1, 

Agent2, etc. 
  
 

classification.  
 Repeat it until finding the best classification 

accuracy.  
 

In the optimization step, the population is created first with 
agents because the individual in the population represents the 
group of agents. Therefore the length of the individual in this 
study is seven. Individuals consist of 0s and 1s. If the value of 
the agent is 1, the feature group represented by this agent will 
be included in the classification, 0 will not be included. 

For example, let the individual is (1,1,0,1,0,0,0). This vector 
means that the 1nd, 2th, and 4th agents are used. Classification 
success is used as fitness function. Opt-aiNET optimization 
algorithm was employed up to choose agent (or agents) that 
will make the classification accuracy maximum. The 
individual who has achieved the highest classification success 

as the result of the optimization has been selected for use in 
the future stages.  
Agent groups chosen as a result of trials are modelled as 
feature groups with Agent1, Agent2, Agent3 and Agent7. 
Selected features are called Dataset2. 

Table 2: The result of the classification  

 ANN 
Dataset1 48.82% 
Dataset2 71.56% 

 
After obtaining Dataset1and Dataset2, classification is applied 
using ANN. As shown in Table 2, the classification result of 
Dataset1 is 48.82 and the classification accuracy of Datasest2 
is 71.56.  

V. CONCLUSION 

In this study, ER from emotion data including speech signal 
was performed. Statistical values were extracted from feature 
obtained with DWT. The acquired features were selected with 
opt-aiNET optimization which provides better classification 
accuracy. The changes in classification success after 
optimization process using ABM were analysed. It was 
observed that the success of 48.82% increased to 71.56%. 
According to the results of the classification, feature selection 
with Opt-aiNET optimization algorithm is an acceptable 
method. 
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Abstract - IT projects commonly confront the unknown, including 
new technology challenges. The new and unknown bring unique 
risks. The benefits of risk management in projects are huge. The 
article describes the main aspects of implementing risk management 
in IT projects according to the developed organizational and 
methodological support. It eliminates the contradiction that arises 
between the requirements for risk management. The essence of the 
contradiction lies in the following: risk management should ensure 
maximum compliance of actual and planned results, with an 
allowable deviation of not more than 5%. At the same time, risk 
management should not change the existing management in IT 
projects (processes Waterfall, Agile, etc.). The article describes 
adapted methods and approaches that take into account the specifics 
of the IT sphere, as well as presents the results of pilot 
implementation of risk management in the IT project. The deviation 
of the fact from the plan following the completion of the IT project 
was 4.5%. This article gives the golden rules to apply risk 
management successfully in IT projects. They are based on personal 
experiences of the authors who has been involved in IT projects for 
over ten years. Also, the big pile of literature available on the subject 
has been condensed in this article.  

Keywords - Risk, risk management, IT project, organizational 
and methodological support, risk analysis. 

I. INTRODUCTION 

All projects have risks. If a potential risk of the project is not 
identified early, then the project will be at a high risk to complete as 
per schedule, within budget and to meet the expected quality. One 
of the current difficulties faced by a new Project Manager today is 
not having a sample or general risk list to refer to when identifying 
the project risk. 

II. RISK MANAGEMENT APPROACH AND PLAN 

Projects implemented in the field of information technology 
(hereinafter - IT projects) represent a complex set of scientific, 
engineering and technological disciplines that require long-term 
training, large investment costs, high technology, experienced 
specialists [1]. The complexity of implementing IT projects creates 
a risk zone, which leads to a reduction in the number of successful 
IT projects, where actual results should be equal to the planned ones. 
Analysis of the statistical data presented in Table 1 revealed an 
actual problem that is related to the occurrence of events that can 
have a significant negative impact on the objectives of IT projects 
(duration, cost, quality) [2]. 

Table 1: The results of implemented IT projects in the US (60%),  
in European (25%) and in other countries (15%) from 2004 to 2014. 

 2004 2006 2008 2010 2012 2013 2014 
Successful projects 29% 35% 32% 37% 39% 25% 16.2% 
Incomplete projects 18% 19% 24% 21% 18% 25% 31.1% 
Projects in which 
problems entailed a 
change planned goals 

53% 46% 44% 42% 43% 50% 52.7% 

The IT organization is exposed to a variety of factors generated 
by both the external and internal environment. Thus, in their work, 
O. Lee and D. Baby confirm this with the results of the studies 
carried out. Scientists come to the conclusion that external factors 
(natural factors, business environment) and internal (people, 
technologies) of the environment are the main sources of 
uncertainty, increasing the likelihood of financial and other losses. 
It means that potential threats can simultaneously come from both 
endogenous and exogenous environments. For example, negative 
risks of an exogenous environment can be threats associated with 
improperly planned budgets, lack of professional staff, and so on. 
Negative risks of the endogenous environment can be attributed to 
the dangers associated with fluctuations in foreign exchange 

markets, changes in tax legislation, and political and economic 
relations between countries.  

In this article, "risk" will be understood as a probable event that 
can have both a negative and a positive impact on the successful 
completion of the IT project [3]. 

As a result of the analysis of scientific papers published on the 
topic of risk management, it was found that scientists are more 
concerned with general risks that do not reflect the specifics and 
specificity of the field of information technology. And the risk in 
most of the works is treated only from a negative point of view. In 
this regard, many practitioners, managers of IT organizations and IT 
project managers refuse to use risk management, as existing 
methods of risk management and their implementation significantly 
complicate the process of managing IT projects. 

In this regard, the purpose of the article is to resolve the 
contradiction that arises between the requirements for risk 
management in IT projects, namely: 
* Implementation of risk management should not change the 
existing and established management in the IT project, that is, the 
management in the project must remain unchanged regardless of the 
methodology for implementing the IT project and regardless of the 
used lifecycle model (Waterfall, Agile, etc.); 
* Implementation of risk management in the IT project should 
contribute to a minimum deviation of actual results from the planned 
(no more than 5%). 

According to statistics provided in the reports of The Standish 
Group International in 2014, the average deviation from the planned 
budgets, deadlines and quality in IT projects, developed mainly in 
the US and European countries, was 89%. 

This contradiction was eliminated by solving the following 
problems: 
1) Analysis of methods used to perform fundamental steps of risk 
management (Figure 1);  
2) Development of organizational and methodological support for 
the implementation of risk management in IT projects;  
3) Experimental approbation of the developed organizational and 
methodological support for the implementation of risk management 
in IT projects. The results showed that the deviation of the actual 
results from the planned results was 4.5%, that is, the over-
expenditure of resources compared to the average deviation of 89% 
was reduced by 19 times. 

Let us consider the solution of each problem in more detail. 
The development of organizational and methodical support for the 
process of implementation risk management in IT projects requires 
the creation of an integrated approach and the creation of effective 
risk management, through which the IT project manager can 
operatively identify, analyze, monitor risk events and respond to 
them. 

Thus, the solution of the tasks posed requires the analysis and 
adaptation of heuristic methods (methods to find the ideal solution) 
for each risk management procedure. 
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Figure 1. Fundamental Steps of Risk Management. 

III. RISK IDENTIFICATION FOR AN IT PROJECT 

To identify risks in IT projects, are proposed to consistently 
perform the following actions: 

1) Analyze the project documentation, which will identify the 
risks associated with the planned results, the timing, the budget, the 
requirements, etc., and identify the risks that were previously 
realized in other IT projects [4]; 

2) Apply the "Process Decision Program Chart (PDPC)" method; 
3) Use questionnaires [5]; 
4) Apply the method of "brainstorming", reinforcing it with the 

innovative game Speed Boat [6]. As participants in the 
"brainstorming", it is recommended that the full team of the project 
team be involved, including the IT project manager and invited 
experts [7]; 

5) Use the SWOT (Strengths, Weaknesses, Opportunities, 
Threats) analysis method. Using this method makes it possible to 
simultaneously identify both negative and positive risk events; 

6) Conduct interviews with experts who have experience in 
implementing similar IT projects. 

IV.ANALYSIS OF IT PROJECT RISKS 

The analysis procedure is proposed to be carried out using 
qualitative (expert) methods for assessing the likelihood of 
occurrence and the impact of risk events due to the following factors: 

* Limited time allocated to the planning stage in real production 
conditions, whereas the use of quantitative methods is a process that 
requires considerable labor, time resources, as well as relevant 
knowledge, skills and skills of the IT project manager [8]; 

* The use of KISS (Keep it Short and Simple) - the way of 
designing and developing IT projects, in which simplicity of 
statements is declared as the main value of the project 
implementation (methods of quantitative risk evaluation require 
significant formalization of processes); 

* Use of the main approaches of flexible development, listed in 
the manifest of software development Agile Manifesto [9]. Agile sets 
priorities, according to which people and their interaction are more 
important than processes and tools. Therefore, the use of qualitative 
methods in all risk management procedures promotes the growth of 
interaction, trust and communication between the participants of the 
project team; 

* Each implemented IT project is unique, according to the 
definition of the project, which limits the possibility of using 
information from previous IT projects; 

* The complexity and laboriousness of using quantitative 
methods for small projects (duration of development not more than 
two months) is not expedient; 

* Iterative implementation of the IT project requires a fast and 
flexible implementation process for all major risk management 
procedures. 

In this connection, the following heuristic methods are suggested 
to use the following heuristic methods to assess the damage from the 
appearance of negative risks or a possible positive effect from the 
manifestation of positive risks: 

*The first stage is "Bow-Tie" [10]. Note that the "Bow-Tie" 
method consolidates the features of the "Event Tree Analysis" 
(ETA) and "Fault Tree Analysis (FTA)" methods [11]; 

* Cause and effect diagram of Ishikawa (Fishbone Diagram) [12]; 
* Interview. 
Consider the process of adapting each of the above methods, 

taking into account the specifics of implementing IT projects. 

Figure 2. The method of "Bow-Tie" - the first stage. 
In the algorithm of the "Bow-Tie" method, two main stages are 

distinguished. At the first stage, a risk analysis is performed by 
identifying the main sources of the risk event and determining the 
consequences if it occurs (Figure 2). Such actions allow the IT 
project manager and the project team to identify the main root causes 
that generate a risk event, as well as to forecast various scenarios for 
the development of the IT project. To identify the causes and sources 
of negative risks, it is proposed to use the Ishikawa cause-and-effect 
diagram method (Figure 3). The classical algorithm for applying the 
Ishikawa diagram involves a comprehensive analysis of the problem 
using the following main groups: 

* personnel - the cause of the problem is the "human factor"; 
* equipment - the cause of the problem is the equipment used, 

machines, software, etc .; 
* materials - the reason for the problem is the raw materials used; 
* external environment - the cause of the problem is an exogenous 

environment; 
* control - the cause of the problem is a poor control system that 

provides control; 
* technology - the cause of the problem is the technological 

process. 
The classical algorithm for using the Ishikawa cause-and-effect 

diagram does not fully meet the requirements for the procedure for 
risk analysis in IT projects [14]. For instance, in the process of 
implementing IT projects there is no group "production raw 
materials". However, a comprehensive study of risk events requires 
the inclusion of the group responsible for the information, since 
information data are the main material used in the development of 
IT products. Thus, the adapted Ishikawa diagram method will 
include the following groups: 

* personnel - the participants of the project team are the cause of 
the risk. The sources of risky events may be lack of necessary 
professional skills or experience, low level of communication and 
trust between participants, conflicts, etc.; 

* equipment - the cause of the risk is, for example, the software 
used, server failure, lack of Internet, etc .; 

* information - the cause of the risk is, in particular, the lack of 
project documentation necessary for the development of an IT 
product, etc.; 

* the external environment - the cause of the risk is the external 
environment of the IT project, which includes the organization 
where the project is being implemented, as well as subcontractors, 
etc .; 

* control - the cause of the risk is the management style of the IT 
project manager (democratic, authoritarian, liberal); 

* technology - the risk model is the life cycle model used in the 
IT project implementation: a cascade model, a V-shaped model, an 
incremental model, a spiral model, a rapid development model for 
RAD applications, and Agile. 
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An example of the graphical representation of the adapted 
Ishikawa diagram is shown in Figure 3. 

Figure 3. Adapted Ishikawa diagram for IT projects [13].
While using the methods of "Bow-Tie" and "Ishikawa diagram", 

new risks can be identified. 
To increase the quality of the expert evaluation, was 

recommended to use the weight of the project team members 
(Table2), Formula 1 (as in below) and the verbal-numerical scale of 
Harrington (Table 3, Table 4). 

 

Here, xi - is the probability (impact) estimate given by the project 
participant; n - is the number of project participants; ki - is the weight 
of the participant in the project. 

Table 2: The weight of participants in the IT project. 
Role in the 
project 

Experience of the 
employee in this role 
over a year 

Competences (education, 
professional development) 

Total, 
k 

Project manager 0,5 0,5 1 
Expert 0,5 0,4 0,9 
Developer 0,5 0,4 0,9 
Analyst 0,5 0,4 0,9 
Imposer 0,5 0,2 0,7 
Designer 0,5 0,4 0,9 
Tester 0,5 0,3 0,8 
Customer 0,4 0,1 0,5 

 

Table 3: The verbal-numerical Harrington scale for a qualitative 
evaluation of the degree of impact. 

The degree of 
risk impact on 
the project 

The Harrington 
factor (according 
to PMBoK) 

The 
Harrington 
factor 

Loss  

Strong 
(Maximum) 

0,8-1,0 5 
Works in the project are 
stopped. 

Significant 0,64-0,8 4 
Works in the project are 
preformed with big delay. 

Average 0,37-0,64 3 
There is a time  delay in 
performance of work. 

Weak 0,2-0,37 2 
Works in the project are 
performed with small delay. 

Minimal 0,0-0,2 1 
There are insignificant lags 
from the draw-up plans. 

Influence is not 0,0 0 
Works in the project are 
completely performed with 
the drawn-up plan. 

 

Table 4: The verbal-numerical Harrington scale for a qualitative 
evaluation of the degree of impact. 

The degree of 
risk impact on 
the project 

The Harrington 
factor (according 
to PMBoK) 

The 
Harrington 
factor 

Loss  

Strong 
(Maximum) 

0,8-1,0 5 
The risk is inevitable. 
Guaranteed risk. 

Significant 0,64-0,8 4 The risk is probable. 

Average 0,37-0,64 3 

There is no guarantee that 
the risk will come, but 
nevertheless there is such 
opportunity. 

Weak 0,2-0,37 2 
There is the possibility of a 
risk. 

Minimal 0,0-0,2 1 
There is the potential 
possibility for risk. 

Influence is not 0,0 0 Risk is not possible. 

The received results are suggested to be visualized using the 
probability of occurrence and influence matrix for the negative and 
positive risks shown in Figures 4 and 5.  

Figure 4. A matrix of probability of development and T. Mirna 
and F. Tkhani's influence for negative risks. 

According to the classification of Merna T. and Thani F. [15], 
negative risks can be divided into the following categories: 

* Catastrophic risks ("tigers") are risks that have a high 
probability of occurrence and the ability to have a significant 
negative impact on the IT project. The onset of one catastrophic risk 
leads to the suspension of the entire project; 

* Unpredictable risks ("alligators") are risks that have a low 
probability of occurrence, but have the ability to have a significant 
negative impact on the IT project; 

* Frequent (common) risks ("puppies") are risks that are highly 
likely to occur, but they are not able to have a significant impact on 
the IT project; 

* Insignificant risks ("kittens") are risks that have a low 
probability of occurrence and do not have the ability to exert 
significant influence on the IT project. The project manager can 
neglect similar risks and not develop response measures. 

Figure 5. A matrix of probability of development and influence 
for positive risks. 

To identify the most catastrophic negative risks in IT projects, the 
ranking proposed by T. Mernoy and F. Thani is optimal, because it 
allows you to prioritize all negative risks. So, first of all it is 
necessary to work with risks, which belong to the category "tigers", 
then with "alligators" and "puppies". The risks that fall into the 
category of "kittens", the manager of the IT project can be neglected. 

Despite the convenience of using this classification, Merna and 
Thani do not offer a ranking for positive risks. In this regard, is 
proposed to classify positive risks using the following categories 
(Figure 5): 
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* Constructive risks ("elephants") are risks that are highly likely 
to occur and the ability to have a significant positive impact on the 
IT project; 

* Unpredictable risks ("lions") are risks that have a low 
probability of occurrence, but have the ability to have a significant 
positive impact on the IT project; 

* Commonly encountered risks ("monkeys") are risks that are 
highly likely to occur, but are not able to have a significant positive 
impact on the IT project 

* Insignificant risks ("rabbits") are risks that have a low 
probability of occurrence and do not have the ability to have a 
significant positive impact on the IT project. Insignificant risks the 
IT project manager can neglect and not develop measures to respond 
to them. 

Using the probability of occurrence and influence matrix for 
positive risks makes it possible to establish priority positive risk 
events. First of all, it is necessary to work with risks that are 
classified as "lions", as they can have a significant positive effect on 
the IT project. Then you need to work with the risks that fall into the 
category of "monkeys". Risks like "elephants" and "rabbits" IT 
project manager can be neglected, because creative (constructive) 
risks are guaranteed to come in the process of project 
implementation, and insignificant risks will not have a significant 
positive impact. 

The development of creative (constructive) measures to 
respond to risks is proposed to be carried out with the help of:  

* The method of "Bow-tie" - the second stage; 
* Walt Disney's method; 
* The method of "Six Thinking Hats"; 
* The method of "brainstorming"; 
* The Delphi method. 
And for different categories of negative and positive risks, it is 

suggested to use various heuristic methods. For instance, for risks 
that have been classified as catastrophic, it is proposed to use 
methods that identify the causes of the risk, possible consequences 
and links to other risks. Such a detailed analysis of catastrophic risks 
enables experts to evaluate them in a comprehensive manner and 
more accurately determine the possible level of probability of 
manifestation and influence. 

In real production conditions, the IT project manager does not 
have sufficient resources to ensure the quality management of all 
identified negative and positive risks. Thus, setting priorities among 
different risk categories enables the IT project manager and the 
project team to concentrate limited resources on managing the most 
significant risks [16]. First of all, it is necessary to develop measures 
of "Plan A", triggers and "Plan B" measures for negative risks that 
have been identified as catastrophic ("tigers"). Next, we investigate 
risks that fall into the category of unpredictable ("alligators") and 
often occur ("puppies"). The lowest priority for negative risks, 
defined as insignificant ("kittens"). 

In this connection, it is proposed to develop for risk management 
with high priority ("tigers" and "lions"): 

* "risk response plan", or "plan A", - a plan of preventive 
measures for leveling, weakening, transferring, accepting for 
negative risks, as well as using, strengthening, dividing and 
accepting - for positive ones; 

* triggers - indicators of the onset of risk, that is, the signs by 
which the person in charge of risk can understand that the preventive 
measures of "plan A" did not bring the expected effect; 

* "retreat plan", or "plan B", - a plan of measures, which provides 
for actions in the event of occurrence of a risk event. 

For risks that are classified as "alligators", "puppies", "monkeys", 
it will be sufficient to develop creative measures of "plan A" and 
triggers. Risks of the same category "kittens", "elephants" and 
"rabbits" can be neglected. 

Next, we will consider the adaptation of heuristic methods for 
developing creative measures for responding to risks for each 
category in more detail. 

Catastrophic risks ("tigers"). Since the catastrophic risks have 
a significant impact on the successful completion of the IT project, 
the implementation of a single risk of the "tigers" type leads to a halt 

in the project, therefore the development of creative activities of the 
"Plan A", "Plan B" and triggers is proposed to be carried out using: 

* The method of "Bow-tie" - the second stage (Figure 6); 
* Walt Disney's method; 
* Six Thinking Hats; 
* Delphi's method, enhanced interview. 

Figure 6. "Bow-tie" method - the second stage. 
At the second stage of the "bow-tie" method, the IT project 

manager and the project team develop "barriers" ("Plan A" 
activities) and "restoration measures" (Plan B events). According to 
the rules of using the method, the identified sources of risk at the 
first stage give the opportunity to quickly develop "barriers" that will 
allow to level, weaken or transfer the risk. Formalized consequences 
in case of risk allow the IT project manager and the project team to 
develop effective measures to eliminate negative effects [17]. The 
"bow tie" method also makes it possible to create triggers that will 
signal in advance the imminent occurrence of a risky event and that 
the "plan A" measures did not bring the expected positive effect. 

If the developed activities of "Plan A" and "Plan B" exceeded the 
established marginal cost of risk management measures, then the 
Walt Disney method or the method of separating the de Bono 
thinking can be used. 

The essence of Walt Disney's method is a rigid division of the 
thinking directions of the project team members. So, at the stage of 
"Fantaser" the project team members offer various ideas, including 
fantastic ones, which can level the catastrophic risk. The Disney 
method will be more productive if outside experts are involved, 
which are not part of the IT project team. The ideas they expressed 
can be the basis for developing more creative activities. At the stage 
of "Critic", each of the proposed activities of the project team 
members is subjected to a critical evaluation and provides arguments 
that justify the ineffectiveness of these measures. The "Realist" stage 
includes the evaluation of the proposed activities, and the 
"Executor" stage - the adoption of a management decision about 
which activities need to prepare resources. 

The Walt Disney method is recommended to be used with limited 
time resources, since the four main stages allow the rapid 
development of creative activities of "Plan A" and "Plan B". If the 
IT project manager and the project team have a large temporary 
resource, then instead of the Disney method, the method of dividing 
De Bono's thinking can be used. 

The essence of the method "Separation of de Bono thinking", as 
well as the method of Walt Disney, is connected with the division of 
the direction of thinking, however in the de Bono method the 
following stages are distinguished: 

* Stage II ("Red Hat") - a stage in which the project team 
members can express their emotional attitude to the proposed 
creative event without resorting to logic or reasoned answers. This 
stage can be used as a filter, due to which the project team members 
will work only with those solutions that they liked; 

* Stage III ("Yellow Hat") - the stage at which the project team 
members express only positive arguments in favor of the proposed 
activities; 

* Stage V ("White Hat") - the stage at which the participants of 
the project team use only figures and facts as arguments. Also at this 
stage, a final managerial decision is made as to which activities 
should be included in the risk response plan; 

* "The Blue Hat". Edward de Bono empirically established that 
the method of separation of thinking works more effectively if there 
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is a specialist in the project team who independently performs the 
following functions independently of the method steps: fixes the 
results proposed by the team; stimulates the creative potential of the 
team; is responsible for strict adherence to the algorithm of the 
method. 

Using the Delphi method can also help in the search for creative 
activities of "Plan A" and "Plan B". This method can be used both 
in the classical version, that is, through communications with experts 
via e-mail, and being strengthened by the "interview" method, that 
is, by conducting interviews with invited experts. 

For unpredictable risks ("alligators") in this article was 
suggested to use the method of "bow tie" - the second stage and the 
method of Walt Disney. 

Development of measures to respond to common risks 
("puppies"), which do not have a significant negative impact on the 
successful completion of the IT project, can be carried out by the 
method of "bow tie" - the second stage. 

Insignificant risks ("kittens") the IT project manager can be 
neglected. However, for the development of preventive measures (in 
the event that the activities of Plan A and Plan B did not exceed the 
marginal cost of risk management response activities), it is 
suggested to use the brainstorming method, in which respondents 
can be managers of other IT projects, senior developers , senior 
testing specialists, senior analysts, and so on. 

Constructive risks ("elephants"). The manager of the IT project 
and the project team can neglect these positive risks. However, for 
the guaranteed approach of a positive risk event of the category 
"elephants", project team members can still develop preventive 
measures using the "brainstorming" method.  

The development of measures for unpredictable risks ("lions") 
can be carried out using the method of "bow tie" - the second stage, 
the Walt Disney method and the Delphi method. According to the 
rules of use, the "bow tie" method is focused on the elaboration of 
"Plan A" and "Plan B" activities for negative risks that pose a threat 
to the successful completion of the IT project. In this connection, the 

author of the article proposes to adapt the second stage of the method 
of developing response measures for positive risks by changing the 
meanings of the key concepts of the method, that is, the notion of 
"barrier" should be replaced by the notion of "incentive measure" 
and "restoration measure" (Figure 7). 

Figure 7. The scheme of the "bow tie" method for positive risks. 
For common risks ("monkeys") it is suggested to use only the 

method of "bow tie" - the second stage. The manager of the IT 
project and the project team can be neglected by developing 
activities for positive insignificant risks ("rabbits"). 

V. MONITORING AND CONTROL OF IT PROJECT RISKS  

The optimal measure that ensures the control of triggers of 
identified risk events is the distribution of responsibility between the 
participants in the project team of the IT project, that is, the 
formation of personal risk responsibility. Such delegation of the 
control procedure can be explained by the fact that triggers of risk 
events are not universal and can be seen only by certain specialists. 
So, the trigger "during the testing there was a bug in the program 
code (bug)" for the risk "the functionality scheduled for iteration will 
not be completed in time" should be monitored by the developer of 
the program code, which before the IT project manager will notice 
the signs of the onset of the risk event. 

In addition, the monitoring and control procedure can be 
conditioned by the chosen model of the life cycle of the IT project 
development [18]. For instance: if an iterative life cycle model is 
chosen, then the following questions are proposed for discussion by 
the project team: 

* Are all the functionality and tasks planned for the iteration 
completed? If not, what are the reasons? 

* Have new risk events been identified that could affect the 
successful completion of the IT project? If yes, then: 

- assessing the likelihood of occurrence and impact for the 
identified risk; 

- if the risk has been determined as insignificant, then it can be 
neglected; 

- if the risk has been defined as catastrophic, unpredictable or 
often occurring, then it is necessary to develop response measures. 

* Were there any triggers of the identified risk events? If so, then 
the "Plan B" measures are taken. 

Figure 8. Identified negative project risks. 
According to the developed organizational and methodological 

support, an experimental approbation was conducted to introduce 
risk management into a small IT project (the duration of 
development is not more than two months). 

At the identification stage, the accompanying project 
documentation was studied and interviews were conducted with 
each participant of the project team. As a result, a section of the risk 
events register "Risk Identification" was created, which describes 54 
negative and 14 positive risk events. 

Using the methods of risk analysis, as well as the verbal-digital 
scale of Harrington, the project team members conducted an expert 
assessment of negative and positive risks [19]. 

As a result of expert assessments of the likelihood of occurrence 
and the impact of risk events, it was found that out of 54 (100%) 
negative risks: 17 (31.4%) are catastrophic, 35 (64.8%) 
unpredictable; 1 (1.9%)  frequently (common) occurring and 1 
(1.9%) - insignificant (Figure 8). Among 14 (100%) positive risk 
events 10 (71.4%) are creative (constructive), 4 (28.6%) are 
unpredictable. 

Figure 9. Negative risks for which the "plan A" measures were 
developed. 

Since more than 70% of positive risks were identified as 
"elephants", that is risks that may occur in the project, regardless of 
the efforts of project team members, the project manager decided 
not to develop measures that increase the likelihood of occurrence 
for four risks such as "lions". Thus, the concentration of resources 
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was focused on managing catastrophic ("tigers") and unpredictable 
("alligators") negative risks. 

Prior to the implementation of the IT project, the project team 
members developed "Plan A" activities, triggers and "Plan B" 
activities for 27 identified negative risks (Figure 9). 

First of all, the project team members focused their attention on 
the risks of the category "tigers". However, not for all risks, creative 
responses have been developed. For example, the risks "Project 
participants can get sick" and "Project participants may have force 
majeure" were identified as risky events that can not be managed. In 
this regard, out of 17 risks of the "tigers" type, preventive measures 
were developed and carried out only for 15. 

Figure 10. Negative risks for which the triggers of the "Plan B" 
event were developed. 

For 11 out of 35 risks of the "alligators" type, we have developed 
creative response measures. The development of "plan A" and "plan 
B" for risks of the "alligators" type was conducted until the 
maximum cost of resources allocated to risk management was 
reached (Figure 10). 

Upon completion of the project, the actual duration of the project 
implementation phase was 69 working days, which is 3 days longer 
than the approved baseline plan. This deviation can be explained by 
two unidentified risks: "Development results were not considered by 
the customer in due time" and "As a result of the rebranding of the 
customer organization, the site design has changed." These risks 
were transferred to the customer, because of his fault, there was a 
temporary delay, which affected the duration of the project. 

 
Figure 11. Negative risks that occurred during the 

implementation of the IT project. 
According to the schedule, the duration of the IT project was 66 

working days. The actual duration of the IT project was 69 working 
days. Thus, the deviation from the planned plans is 4.5%. Compared 
to the statistical data provided by The Standish Group International 

for 2014, the deviation for the IT project was reduced 19 times (from 
89% to 4.5%) [20]. 

VI.CONCLUSION 

Based on the conducted research and experimental approbation, 
the solution of the actual scientific and practical problem related to 
the introduction of risk management into IT projects is given. Thus, 
the contradiction between the requirements for risk management in 
IT projects, namely: 

* The introduction of risk management did not change the 
existing management in the IT project (Waterfall); 

* As a result of introduction of risk management, according to 
organizational and methodological support, deviation from the plan 
amounted to 4.5%. 
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Abstract - In this study, 3D and 2D dimensional Magnetostatic 
analyzes of 6/4 Polar SRM(Switched Reluctance Motor) are 
compared. The use of SRMs is also becoming widespread with 
developing control techniques. It is preferred to use a wide area 
from the aviation industry to home appliances (vacuum clenear 
etc.). In addition to the development of SRM control techniques, 
various studies have been carried out on geometric structures. 3D 
and 2D Magnetostatic analyzes of geometrically designed SRMs 
are performed. In this study, 3D and 2D Magnetostatic analyzes 
of 6/4 pole SRM were performed at 10 amperes. The Torque, 
Inductance, Torque ripple ratios obtained from the analysis are 
compared. In the analysis using 3D, the torque ripple was found 
to be 37.20%, and in the 2D analysis, the torque ripple was 
obtained as 36.25%. The difference between the two analyzes was 
calculated as 0.95%. This has been shown to be valid for both 
analyzes in different studies. 
 

Keywords - SRM, Magnetostatic, Torque Ripple 
 

I. INTRODUCTION 

Although the first Switched Reluctance Machine (SRM) was 
made in 1838, it did not become widespread until the late 
1970s due to the difficulty of control. Since the 1960s, the 
development of power electronics and semiconductor switches 
has facilitated the control of SRM and led to an increased 
interest in ARM drivers. The features of the Switched 
Reluctance Motor (SRM) make it a strong candidate for a 
variety of general purpose adjustable speed applications, 
structural simplicity at high speeds and high temperatures, 
robustness, fault tolerance, high torque to inertia ratio and 
possible working pattern [1]. The simple structure of the 
SRMs, fault tolerance capability, high torque and high speed 
operating characteristics make it universally applicable [1-2]. 
SRMs are double protruding, no windings or magnets in rotor 
[3]. Compared to SRMs Induction motors, they have high 
torque and low magnetic density. Compared to permanent 
magnet motors, they can reach higher speeds due to the 
absence of windings or magnets in the rotor [4].   The main 
disadvantage of the SRMs is their high nonlinearity and high 
Torque ripple due to vibration and acoustic noise [5]. The 
most important reason why many studies on SRMs have been 
done in recent years is that the structure is simple and the cost 
is low [6-7]. SRMs are widely used in automotive industry, 
aerospace industry, railway and light rail system vehicle 

excavation, home appliances (brooms, white goods ...), general 
purpose industrial drives, servo systems, robot applications, 
Such as centrifugal drives [6-7].  The biggest disadvantage of 

electronically switched [6-7].   
 

II. SWITCHED RELUCTANCE MOTOR (SRM) 

The SRMs are made up of rotors and stators as they are on all 
conventional electric machines. The number of stator and rotor 
dislocation poles is expressed as stator pole number / rotor 
pole number. For the SRM to be able to rotate, the stator and 
rotor pole numbers must be different. Generally, the number of 
stator poles is more than the number of rotor poles; 6/4, 8/6 
and so on. They are manufactured. The reason for this is the 
desire to achieve high torque rather than high speed [7].  The 
stator pole number Ns and the rotor pole number Nr are 
expressed. In SRM, the windings on the poles on the stator are 
connected in series to form a phase of the machine [8]. When 
the appropriate phase in the SRM is excited by the correct 
voltage, the moving rotor begins to rotate to reduce the 
reluctance of the magnetic circuit. Movement of the phases in 
and out of the sequence results in continuity of motion. Figure 
1 shows the 3-phase, 6/4 pole stator-rotor structure of the 
SRM. 
 

 
Figure 1: Classical Switched Reluctance Machine. 

 
Reluctance can be thought of as the resistance to the 

magnetic circuit in the electric circuit. The difficulty with 
resistance flow in the electric circuit is reluctance; Is a 

Comparison of 3D and 2D Magnetostatic 
Analysis of 6/4 Pole SRM 

C. 1 and M. 2  
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challenge to the circulation of the flux in the magnetic circuit. 
If the SRM is modeled as a magnetic circuit, the air gap 
between the stator and rotor as well as stator and rotor in this 
model is called "reluctance". Although the stator and rotor 
reluctances are constant, the reluctance of the air gap is varied 
[7,9]. In SRMs, as the air gap between the stator and rotor pole 
heads increases, the reluctance of the magnetic circuit also 
grows. The machine structure tends to reduce this high 
reluctance and produces torque for it. The general torque 
expression for classical SRMs is expressed in Equation (1). In 
classical Reluctance machines, the opposite inductance 
between phases is neglected. 

 

                                 (1) 

 
With the torque produced, the stator and rotor poles approach 
each other, resulting in a reduced reluctance of the magnetic 
circuit [7]. The desire to reduce this reluctance provides the 
continuity of the machine's torque. The magnetic circuit 
reluctance is expressed by Equation (2) [7,9]. 
 

                                                             (2) 

 
In Equation (2) expresses   reluctance, (F) magneto motor 

force (mmk),  ( ) flux,  ( ) magnetic path length,   magnetic 

(B) flux density,  (H) magnetic field strength,   (S) magnetic 
path cross section and (  magnetic permeability. The 

rotor cause the change of the circuit reluctance. In SRMs, 
instead of reluctance, more inductance value is used as a 
criterion. The relation between inductance (L) and reluctance  
is expressed in equation (3). In Equation (3), i phase current 
and N is the number of turns of phase [7,9].   
 

                                                             (3) 

 

III. DESIGNED SRM GEOMETRIC MEASUREMENTS 

Table 1 shows the geometric measurements of the SRM.  

Table 1: Geome  

Symbol Value Symbol Value 

 12 mm ys (Rotor pole 
width) 

10.6 mm 

 20 mm yr rotor yoke 
thickness 

5 mm 

 39.4 mm ds stator pole 
height 

19 mm 

 50 mm Motor Depth 40 mm 

ts (Stator pole 
width) 

10.5mm  300 

(Rotor pole 10.5 mm  300 

width) 
g (air gap 

length) 
0.5 mm   

Figure 2 shows 2D and 3D geometric shapes of the 6/4 pole 
SRM. Both models have the geometric measurement given in 
Table 1. Because of winding structure, it is modeled 
differently in 3D and 2D in analysis environment. Figure 3 
shows the geometric variables. 

 

 
a) 
 

 
b)  

Figure 2: a) 3D SRM model b) 2D SRM model. 
 

 
Figure 3: Geometric structure of the proposed SRM. 
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IV. REALIZATION OF SRM 2D / 3D ANALYZES USING FINITE 

ELEMENTS METHOD 

As is known, different numerical methods are used in 
solving magnetic field problems. In the literature; There are 
different methods such as Finite Element Method, Finite 
Difference Method, Monte Carlo Method, Boundary Element 
Method, Load Simulation Method [10]. It is observed that the 
Finite Element Method (FEM) is the most used and preferred 
method. Because; It is possible to analyze on models created 
by using real engine parameters with FEM. With these 
analyzes, information about the behavior of the motor and its 
characteristics can be obtained [11].  The 2D and 3D mesh 
structure of the SRM is shown in Figure 4.  

 
 

 
a) 

 
b) 

Figure 4: 6/4 pole SRM mesh structure a) 3D b) 2D. 

 
Figure 5 shows the torque curves obtained from the results 

of the magnetostatic analysis of 2D and 3D models. Table 2 
shows torque values. Motor step angle is 30 degrees. 
Therefore, the table is given 0-30 degrees. The values taken at 
the same angle are very close to each other. The very small 
differences between the values are due to the winding volume 
differences during design.  

Figure 6 shows the inductance curves obtained from the 
results of the magnetostatic analysis of 2D and 3D models. 
Table 3 shows the inductance values. Motor step angle is 30 

degrees. Therefore, the table is given 0-30 degrees. 
 
 

 
a)  

 

 
b)  

Figure 5: a) Torque curve from 3D analysis b) Torque curve from 
2D analysis. 

 

Table 2: SRM Torque Values. 

 2D Torque (Nm) 3D Torque (Nm) 

-30 0,5127417 0,6008554 

-25 0,5525741 0,5771555 

-20 0,5356707 0,5433241 

-15 0,4962279 0,488479 

-10 0,4454278 0,438902 

-5 0,3624125 0,3235364 

0 0,0021208 -0,0275072 
 
 

 
a)  
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b)  
Figure 6:  a) the inductance curve from 3D analysis b) the 

inductance curve from 2D analysis 

Table 3: Inductance values obtained from 3D / 2D analysis. 

 2D Inductance (H) 3D Inductance (H) 

-30 0,002020 0,002581 

-25 0,002767 0,003356 

-20 0,003411 0,0040003 

-15 0,003966 0,004528 

-10 0,004377 0,004917 

-5 0,004641 0,005139 

0 0,004738 0,005235 
 
 

The flux density at 10 A of the designed machine is 
examined in 2D in Fig. 7-a in Fig. 7-b. 

 
a)  

 
b)  

Figure 7:  Magnetic flux density SRM Model a) 3D b) 2D  

 
Torque Ripple of the designed models is calculated at 10 

Amperes. The torque ripple Td  ratio is the average value of 
the difference between the maximum and minimum values of 
the moment value [12-13]. The Torque ripple fluctuation 
equation is given in Eq. (4). The average torque value in 
Equation (5) is also provided. 

 

                                                   (4) 

 

 

 
Torque ripple ratios are given in Table 4. 

Table 4: Torque ripple ratios. 

 2D  3D  

Torque Ripple (10 A) %36,25 % 37,20 

 
 

V. CONCLUSION 

In the globalizing world, energy demand is constantly 
increasing. This requires limited energy resources to be used 
as efficiently as possible. Especially in recent years, each area 
has been conducting research on high energy, high efficiency 
systems. One of these areas is the automotive sector. Today, 
hybrid vehicles that can use both electric energy and petroleum 
derivatives as fuel require high-powered electric machines. 
Much research has been done to meet this need and it has been 
revealed that the Switched Reluctance Machine (SRM) is one 
of the electromechanicals that can be preferred on hybrid 
vehicles. SRMs with a wide range of field use are preferred in 
every sector with developing technologies. Undoubtedly, the 
contribution of developing control techniques to this situation 
is great. Besides the control techniques of SRMs, studies on 
geometric structure are quite common. Different numerical 
methods are used to solve the magnetic field problems of 
electric machines. In these studies, the machines are designed 
in 2D and 3D and used in solution. In this study, the 
mangnetostatic analysis of 2D and 3D SRM models with the 
same measurements was made and the obtained values were 
compared. The desired main target for motors used in electric 
vehicles is a good moment characteristic. In SRMs, The torque 
is produced by inductance.  Therefore, these two values are 
basically compared in the study. There are very small 
differences in the values obtained. This is due to small changes 
in the winding volume of the machine during design. In the 
analyzed 2D and 3D analysis results, there was a very small 
difference of 0.95% in terms of torque ripple. 0.95% change is 
due to winding end effect in 3d analysis. According to this 
result, the validity of the results obtained by 2D and 3D 
analysis is the same. As a result, the validity of 2D analysis in 
the rapid prototyping phase is emphasized in this study. 
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Abstract- In order to enhance the performance of power 
system, the Cascade shunt active power filters(CSAPF) an 
essential role is played by reducing harmonics in addition to 
by reactive  power compensation into power systems by the 
help of a large concentration of non-linear loads, The 
(CSAPF) efficiency depends on three design criteria:(i) types 
of current controllers;(ii) methods used to obtain the 
reference current;(iii) DC link voltage control methods,  
Cascade H bridge converter based shunt active filter is 
examined with different levels and resulted a THD in range 
of (7.2%-2.5%) , a Phase-Shifted Carrier PWM (PSCPWM) 
then uses the reference current  for producing the switching 
signals for the Cascade multilevel inverter (CMI) , In this 
paper,  p-q theory  strategies for extracting the three-phase 
reference currents for shunt active power filters are using, 
This paper concentrates on harmonic reduction in their 
level, five-level, seven-level, nine-level using cascaded H-
bridge, To verify the effectiveness, simulation will be done 
using Simulink program. 

Keywords  Shunt Active Power Filter: STATCOM; PI 
controller; Cascade multilevel inverter (CMI),; Sinusoidal 
Pulse Width Modulation; H-bridge Multilevel Inverter ; 

I. INTRODUCTION 
The reason for the proliferation of power electronic 

element and also non-linear loads inside the power 
distribution systems, there will be a problem of treatment 
and harmonic contamination taking on huge significance. 

There is in electrical equipment harmonics interpose 
sensitive electronic equipment and bring about undesired 

power losses [1-8]. The way of solving and regulating the 
permanent power quality problem presented by these 
Current harmonics given by non-linear loads, for Instance,  

HVDC system, converter to variable speed AC motor 
drive and switching power factor correction converter as 

result, the passive filters is used so much which were so 
simple and in reduced cost. Anyway, using of passive 

filter contains many disadvantages, such as tuning, large 
size as well as   risk of resonance problems. 

In recent times, acknowledging to the rapid development 
in the power semiconductor device technology which  
prepared high-speed  as well as power switching devices 
as examples, MCTs, power MOSFETs, IGCTS, IGBTs 
etc. utilizable for the compatible compensation modern 

power electronics, a factor of the most known active 
filters is clearly  "Shunt Active Power Filter" which stands 
for  (SAPF) [2-7, 9]. SAPF has been looked for as well as 
developed gradually and it has been realized as a 
workable solution to many problems found by non-linear 
loads.  By extracting the harmonic component of the load 
current to produce a reference current and sensing the load 
currents are the function of shunt active filter. That 
reference current includes harmonic components of it 
which the active filter must provide, feeding through a 
controller and as well as by generating the switching 
signal to switch the power switching devices of the active 
filter, as a result, the active filter would really  give the 
harmonics required by the load. Finally, the AC supply 
will need to be provided the fundamental component for 
that load, producing a low harmonic sinusoidal supply. 

 

Commonly, depending the effectiveness of SAPF has 

three design criteria: (1) the designing of power inverter; 
(2) using of current controller's types ;( 3) methods used 
to obtain the reference current. The presented work was 

oriented mostly on the latter criterion. To make sure that 
harmonic and reactive component of load current, you 

should keep in mind that reference source current 
generation is very important. For this reason, it can be got 
a reference filter current when it is subtracted from total 

load current. For getting better filter performance, it 
should properly do the generation of reference source 

current. Because of those several methods such as 
multiplication  and DQ transformation with sine function 
in addition to Fourier transform have presented in 

literature [9- 14], there are  methods based on not real 
intelligence have been work on, the reason is  to improve 

processing detecting time of harmonic current.  

In power electronics, basically, the most controllable 
device is the two-level converters. But, this basic device 
injects unwanted harmonics into the power system [2]. So, 
there is a problem it can be overcome by the term multi-
level which is come out in 1981[3].  By reducing the Total 
Harmonic Distortion (THD) and creating more output 
steps, they play an essential role. 
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II. ANYLATICAL DISCUSSION 

  

a) MODELLING OF CASCADED H-BRIDGE 

The N-level CMI output voltage requires M = (N-1)/2 
units of identical H-bridge inverter modules along with a 

DC capacitor to produce N=2M+1 line-to-neutral output 
voltage levels. 

The basic construction of nine level (2M+1=9) cascaded 

H-bridge inverter consisting of two (M=4) full-bridges is 
shown in Figure 1. Since there are four capacitors, there 
usually happens a voltage imbalance between capacitor 

voltages that should be minimized or practically 
eliminated with a number of techniques. Furthermore, 

capacitor voltage ripples can be reduced by active power 
control for each bridge [5]. Various methods are discussed 

in [6] to remove the ripples in DC voltages. This topology 
involving cascaded H-bridge multilevel inverters are used 
in many applications for reactive power compensation. 

The low-frequency modulation scheme is used in [6] due 
to the switching losses of IGBTs. According to [7] and 

[8], the frequency of line and commutation are almost 
similar

 

 

Figure 1: A basic construction of H-bridge cascaded  

Each h-bridge consists of four switches and four diodes 
connected in parallel with switches. These diodes which 

are connected in anti-parallel fashion act as a full-bridge 
rectifier and together they are used for charging the DC 

capacitor. The charging energy comes from the coupling 
inductor. The output of h-bridge contains three levels 
namely positive, negative and zero level. These voltage 

levels when summed up to form a sinusoidal waveform. 
The AC output of h-bridge is given as: 

 

 

Where: M represents the number of inverters per phase. 

The proposed topology of the cascaded multilevel inverter 
is modular meaning the output AC waveform can be 
improved by simply adding more h-bridges in the circuit. 

The conduction time for each h-bridge varies for example, 
for the first level the DC capacitor will charge less and 

discharge more and for the last level the DC capacitor 
charges more and discharges less. To solve this problem, 

we select suitable switch pattern swapping method which 
will swap the angles of switching for every half cycle as 
mentioned in [9] and [10]. The rectified energy 

accumulated in the inductor is stored in a capacitor that is 
linked on the DC side of the h-bridge multilevel inverter. 

The circulation of current and non-stop charging and 
discharging of an inductor can cause voltage ripples. To 
remove these ripples and smoothing the voltage DC 

capacitor is used. Figure 2 further demonstrates the 
process. The DC Capacitors are separate, not fed by diode 

rectifiers. As a result, their voltages may not be exactly 
balanced during operation. Simulation results have 
showed the fact that timing error of trigger pulses, 

dispersion of DC capacitor parameters and differences of 
power switch characteristics all contribute to voltage 

unbalance. 

b) CASCAD SHUNT A CTIVE POWER FILTER 

(CSAPF) 

 

In addition to a self-controlled dc bus and the shunt active 
power filter, they have a topology which are almost the 
same to which of a static compensator (STATCOM) and 
that is utilized for reactive power compensation within the 
power transmission systems. Shunt active power filters 
make up the load current harmonics by putting equal, 
however, opposite harmonic compensating current.  It can 
be said that shunt active power filter, in this case, works 
properly as a current source putting the harmonic 
components which are produced by the load but phase is 

.   

 

 

269 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

            Figure 2: Shunt power filter topology 

In this stage, there is a relation of some of the shunt active 
power filter that is clearly shown in its Figure 2.  The use 
a voltage source inverter (VSI) is used as if the shunt 
active power filter has appeared [10]. This is dominated 
so that to draw a compensating current Ic from or to the 
utility, it calls off the harmonics on the AC side, namely, 
this active power filter (APF) gives the non-linearity's 
opposite towards the load nonlinearities.  Both of them the 
load current, in addition to the compensating current are 
put by the shunt active power filter which has all the 
harmonics as a result, to prepare purely the source current 
sinusoidal.  The essential item of shunt active power filter 
is done by compensating the reactive power and 
eliminating the current harmonics. 

c) Power Flow for Ideal Compensation  

Figure 3 depicts the single line diagram of the shunt active 
power filter showing power flow for ideal compensation 

 

Figure 3: Shunt active filter power flow for ideal 
compensation 

Total instantaneous power drawn by the nonlinear load 
can be represented as:-  

  

 

 

 

Where; 

  Instantaneous fundamental (real) power absorbed 

by the load,  

  Instantaneous reactive power drawn by the load, 
and 

  Instantaneous harmonic power drawn by the 
load.  

By achieving a unity power operation and drawing 
sinusoidal currents of  the utility, active power filter is 
necessary  supplying all the  harmonics power demand of  
that the load.  Active filter, at the same time, will shape a  
right component of  power (P_Loss) of  the utility, to 
provide  switching losses and  maintaining  the DC link 
voltage which is steady .Therefore ,the ideal 
compensation following conditions should be fulfilled - 
Real power supplied by its source.  

  

Reactive power supplied by the source   

Real power drawn by the load   

Reactive power drawn by the load   Real 

power supplied by the active filter  

Reactive power supplied by the active power filter 

   

Where,  

 - are the total real power, fundamental real 

power and harmonic real power demand of the load. 

   are the total reactive power, fundamental 

reactive power and harmonic reactive power demand of 
the load,  

  are the total power supplied and loss 
component of the active power. 
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d) Estimation of Reference Source Current 

From the single line diagram shown in Figure 4 

 

Figure 4: Filter current IF generated to compensate load 
current harmonics 

                                                    (5) 

Where,  - are the instantaneous value of 
source current, load current and the filter current. 

The utility voltage is given by 

 

Where,  is the instantaneous value of the source 
voltage. 

  - is the peak value of the source voltage. 

 If non-linear load is connected then the load current will 
have a fundamental component and the harmonic 
components which can be represented as  

                                  (7) 

+   (8) 

Where:  are the amplitude of the fundamental 
current and its angle with respect to the fundamental 
voltage. 

 In are the amplitude of the nth harmonic current 
and its angle. 

The instantaneous load power pL(t) can be expressed as 

 

 

                               (11) 

 

                                                  (13) 

In the equation (12) the term  is the real power 

(fundamental), the term   represents the reactive 
power and the term  represents the harmonic power 
drawn by the load. For ideal compensation only the real 
power (fundamental) should by supplied by the source 
while all other power components (reactive and the 
harmonic) 

 
 

Current supplied by the source is determined from the 
following equations: 

                                        (15) 

                                                    (16) 

 

 

 

Where 

                                                          (20) 

Also, there are some switching losses in the inverter. 
Therefore, the utility must supply a small overhead for the 
capacitor leaking and inverter switching losses in addition 
to the real power of the load. 

Hence, total peak current supplied by the source 

                                                        (21) 

Where: 

  is the loss component of current drawn from the 
source.  

If active power filter provide the total reactive and 
harmonic power, then  will be in phase with the 
utility and pure sinusoidal. At this time, the active filter 
must provide the following compensation current: 

 

Hence, for the accurate and instantaneous compensation 
of reactive and harmonic power it is very necessary to 
calculate the accurate value of the instantaneous current 
supplied by the source, 

                                                      (23) 

The peak value of the reference current  can be 
estimated by controlling the DC link voltage. The ideal 
compensation requires the mains current to be sinusoidal 
and in phase with the source voltage irrespective of load 
current nature. The desired source currents after 
compensation can be given as 

                                                    (24) 
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)                                       (25) 

                                       (26) 

It is clearly that peak value " " is approximately 
appraised   by organizing the DC connection voltage of 
the inverter. DC link voltage is similar to a reference 
value and its fault can be carried on in a PI controller. The 
output of the PI controller has a major rule as the 
amplitude of the need source currents and the reference 
currents are calculated by changing that peak value in 
addition to the unit sine vectors in this level with the 
source voltages  

e) Role of DC Link Capacitor 

It is mainly  that DC connection  capacitor uses two goals 
the first  which it keeps  almost a constant DC voltage 
,secondly  it helps as an energy storage element to supply 
various  actual  power in the middle of the  load and 
source during transients. 

In stable state the actual power provided by the source 
which should be in the same amount to the actual power 
need of the load plus little power to make up the losses in 
the active filter. Thus the DC link voltage can be saved at 
a reference value. 

Anyway, the idea is when the load condition turns to the 
actual power balance in the middle of the mains here; the 
load will be not continuous. This various actual power is 
made up of the DC link capacitor. This can change the DC 
connection voltage very far from the reference voltage. By 
keeping the satisfactory operation of the efficient filter, 
the peak value of the reference current is modified to 
proportionally alter the actual power drawn from the 
origin. 

This real power charged/discharged by the capacitor 
compensates the real power consumed by the load. If the 
dc link voltage is recovered and attains the reference 
voltage the real power supplied by the source is supposed 
to be equal to that consumed by the load and also the 
losses.  

Thus the peak value of the reference source current can be 
obtained by regulating the average voltage of the DC link 
capacitor. A smaller DC link voltage than the reference 
voltage means that the real power supplied by the source 
is not enough to supply load demand. Therefore the 
source current (i.e. the real power drawn from the source) 
needs to be increased. While a larger DC link voltage than 
the reference voltage tries to decrease the reference source 
current. There is a change can take place in capacitor 
voltage which is confirmed from the simulation results 
that clearly later in this paper.  

The actual power injection might give ripples in the DC 
connection voltage. A little or low  pass filter is  
commonly utilized  to filter  ripples, which give a finite 
late  to go away from  using this low pass filter the 
capacitor voltage and it  is stood for at the zero crossing of 
the source voltages. A non-stopping changing reference 

current can be the compensation non-instantaneous within 
transient. Doing the compensation instantaneous like this, 
it is introduced to sample this voltage at the zero degrees 
and crossing (positive going) of one of the phase voltage. 
It does the compensation instantaneous in one phase 
systems, not in 3 phase systems. Additionally, just 
sampling once in a cycle as alike to 5/6 times in a cycle 
which contains a little higher DC capacitor voltage 
rise/dip during transients. The reason is capacitor voltage 
sampling at zero crossing degree of the voltage will be 
(six times in a cycle) and it is preferred in this stage. 

III. Control Strategy of SAPF 

  

For gathering the reference compensation currents, it 
needs to inject into the network at the point of connecting 

of the nonlinear load, this is because of the instantaneous 
active, reactive power method. Most popular SAPF 

control schemes remain. The theory, since then, has 
attracted a lot of functions that work in active power filter 
compensation strategies. The strange method of a shunt 

APF can be made without active energy source units. Any 
average power supplied by source Figure 5 depicts the 

block diagram for the instantaneous active and reactive 
power. 

 

Figure 5: Block diagram of the proposed control system 

Here in (p-q theory) which is the concept of instantaneous 
reactive power theory method which is basically 
compromised of a different transformation taken the ( a, b, 
c) reference aspect of the immediate power, current 

- , 14]. The 
instantaneous values of voltage -

coordinates may be taken from the following equation. 

                                       (27) 

                                         (28) 

This transformation is valid if and only if 

 (29) 
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And also if the voltages are balanced and sinusoidal. The 

instantaneous active and reactive powers in the  

coordinates are calculated with the following expressions: 

                                  (30) 

                                   (31) 

The values of p and q can be expressed From Equation (3) 
and Equation (4) in terms of the dc components plus the 

ac components, that is: 

                                                                   (32) 

                                                                    (33) 

Where 

P: is the instantaneous power 

P æ is the dc component of the instantaneous power 

: is the ac component of the instantaneous power, it does 
not have average value, and is related to the harmonic 

currents caused by the ac component of the instantaneous 
real power 

q:  imaginary instantaneous power 

q : stands for dc element of the imaginary instantaneous 
power, and it has a relation to the reactive power made by 

the basic components of currents in addition to voltages  

: stands for ac component of the immediate imaginary 
power and has a relation to the harmonic currents which is 

caused by ac component of immediate reactive power. 

To make up current harmonics and reactive power which 
are generated by nonlinear loads, it is clear that the 

reference signal of the shunt active power filter has to be 

included in the values of  and  . The reference currents, 
in this case, gotten by the SAPF which are gathered with 
the explanation below  

 

SAPF control strategy includes both of them, the first one 
is to compensate reactive power or the production of 
currents whether to leave out the undesired harmonics, 
however, to recharge the capacitor value requested by 
VDC voltage so that ensuring suitable transit of powers by 
supplying the inverter [9,13]. The average voltage across 
the capacitor terminals must be kept at a constant value. 
The Regulation of this voltage is made by absorbing or 
providing active power on the electrical network. The 
compensation of the reactive power brings about the 
storage capacity "C" which absorbs the power 
fluctuations, when harmonics is showed, in addition to 
active power control and by the losses of the converter. It 
must be made by adding namely , the average voltage 
across the capacitor terminals must be kept at a constant 

value. The Regulation of this voltage is made by 
absorbing or providing active power on the electrical 
network, the final compensating currents components in a, 
b, c reference frame are the following: 

 

 

IV. Results and Discussion 
 

The performance of the aimed immediate Active Power 
Theory (p-q Theory) method was tested inside the 

simulations. It was implanted in Simulink program 
environment namely, the system model. The SAPF was 
made to make up harmonics which is caused by nonlinear 

loads. It is, he system model parameters, shown in Table 
1.A three-phase diode rectifier with a four type load was 

used as a harmonic producing. 

- R Load (R= 30   

-RL load (R= 60  20 mH)  

-RC load (R= 60  25 F) 

-Electrical motor (DC motor 5 HP 240V field 300V) 

Table: Detail of system parameters 

Parameters 

Supply phase voltage                                 U 220 V 

Supply frequency Fs                                    50 Hz 

Filter inductor Lf                                          7.5 mH 

Dc link capacitor Cf                                     250 F 

          Vdc                                                       310 V                                               

The filtering result can be seen in Figure 6 and Figure 7. It 
has shown the supply and load current, without using 

CSAPF the THD=22.7%, the deformations have now been 
reduced and the harmonic distortion calculated up to 2.5% 
Although the filtering performance especially with the 

low order harmonics has been improved, Cascade H 
bridge converter based shunt active filter is examined with 

different levels and resulted a THD in range of (7.2%-
2.5%) this can be seen in Table 2. 
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Figure 6: phase (a) supply current waveforms 

Figure 7: phase (a) load current waveforms 

                  Figure 8: phase (a) filter current waveforms  

 

           Figure 9: Average DC link voltage 

Figure 10: Three phase supply current waveforms 

         

Figure 11: Three phase supply voltage waveforms 
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Table2: Result for each simulation 

No of H-bridge          NO  level     THD current Value 

 1                             3                         7.2% 
2                             5                         5.3% 
 3                             7                         2.9% 
 4                              9                         2.5% 

 

V.  CONCLUSION 

 

The work presented in this paper makes a significant 

contribution to the identification and control strategies in 
order to improve the CSAPF performance. (p-q theory) 
was verified through simulation studies, the (p-q theory) 

contains integrated (PI) controller, added to regulate the 
capacitor dc voltage of the CSAPF. The complete CSAPF 

structure has been implanted to compensate harmonics 
caused by nonlinear loads. At this level, comparative 
studies between the 3 level, 5 level,7 level and 9 level the 

most conventional techniques used to extract the harmonic 
component of the load current to produce reference 

currents,	 H-bridge is controlled by phase shifted pulse 
width modulation which produced rectangular waveform 
to trigger the gate in each arm of inverter.	 GSAPF is 

proposed to reduce the total harmonic distortion from 

22.7% to 2.5%. 
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Abstract - In this paper, a simple dynamic model for a PMSM 
with inter-turn winding fault in closed loop. The control of the 
PMSM is assured by the input-output control. The objective of 
this paper is the detection and location of the stator winding fault 
severity of PMSM. To achieve this objective, a mathematical 
model that can describe both healthy and fault conditions is 
developed. Simulation results match the observations of this type 
of fault in the literature. 

 
Keywords - permanent magnets synchronous machine, inter 

turn, fault detection, input-output control, 

I. INTRODUCTION 

ERMANENT magnet synchronous motor PMSM has 
received widespread acceptance, mainly in high 
performance of it's applications for renewable energy 

generator or industrial servo applications of accurate speed and 
position control. This is due to some of its excellent features 
such as super power density, high torque to current ratio, fast 
response and low noise [1]. 

Nonlinear control has the advantage of separately current 
and torque. With this control technology, engine model is 
broken down into two independent systems mono variable 
linear. Each subsystem is an independent control loop of a 
given variable (speed, torque, current etc.). The dynamics of 
the linearized system is chosen through optimal taxation of 
poles [2]. 

The PMSM are generally robust, their frequent exposure to 
severe circumstances inclines them to certain fault conditions 
after continuous operation. The possible fault modes in PMSM 
include electrical and mechanical sources [3]. Statistics show 
that the most electric motor failures are due to electrical faults, 
among which the stator winding faults constitute the largest 
portion [4]. Stator winding faults usually are caused by 
insulation breakdown between coils in the same phase or 
different phases. While the winding short  usually emerges 
locally as an incipient fault, it can propagate rapidly, 
culminating in the failure of the entire phase. This is due to the 
increased ohmic heating associated with the high current in the 
shorted portion of the winding, which eventually leads to a 
significant rapid temperature increase and causes faster 
deterioration of the insulation system [5]. Therefore, an 
effective diagnostic system for these faults in motors is 
necessary to improve the reliability of such motors. 

The mathematical analysis and computer simulation are 
more versatile and cost effective methods for gaining insight 
into the system dynamics under fault operating conditions. 
Recently, several studies on faulty electric machine dynamic 
modeling have been published. These studies use various 
methods for different purposes [6]. Fault modeling is becoming 
an important part of the fault diagnosis design process. In this 
paper, a new model for the stator winding fault of PMSM is 
proposed based upon the coupled magnetic circuit principle. 
The model is compatible with both healthy operation and 
operation under asymmetrical stator winding fault (turn-to-turn 
short) conditions. Simulation results of the fault model match 
the observations of this kind of fault in the literature. In the 
developed fault model, two parameters are used, one to 
represent fault location and one for fault severity. If these two 
parameters can be identified and are beyond a certain range, 
then the occurrence of a stator winding fault can be concluded. 

In  general,  monitoring  and  diagnosis  require  the  
detection  and  analysis  of  signals  containing  specific  
information  (symptoms  or  signatures)  that  characterizes  the 
degradation of the machine [8]. 

FFT analysis of one of the stator currents has become a 
standard procedure for diagnosing the state of a permanent 
magnet synchronous motor. However [7], Even though the 
method gives successful results for stationary signals, it is not 
successful for non-stationary signals due to the inadequacy of 
the FFT method. Since PMSMs are operated according to the 
determined acceleration and deceleration reference speeds, 
both the amplitude and the frequency of the current drawn in 
these regions are dynamic [9].  

II. DYNAMIC MODEL OF THE PMSM WITH INTER TURN FAULT  

An inter-turn fault denotes an insulation failure between 
two windings in the same phase of the stator. The insulation 
failure is modeled by a resistance, where its value depends on 
the fault severity. The stator winding of a PMSM machine with 
inter-turn fault is represented in Fig. 1, where the fault is 
occurred in the phase as and (rf) represents the fault insulation 
resistance. The sub-windings (as1) and (as2) represent the 
healthy and faulty part of the phase winding a respectively. 
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Figure 1: Three-phase winding with inter-turn fault in the phases. 
 

When the fault resistance (rf) decreases toward zero, the 
insulation fault evaluates toward an inter-turn full short-circuit. 
The evolution of fault insulation resistance between    rf 
and rf = 0 is very fast in most insulation materials. It is important to 

predict the inter-turn fault when it is not high developed and the 
fault resistance is still not very near to zero. Therefore, in our 
fault model, the fault insulation resistance is included and the 
machine behavior with various fault resistances is studied [10]. 
 
II 1. FAULT MODEL IN ABC COORDINATES 
 

Setting up the mesh equations for the circuit in Figure 1 
will express the voltage equations as: 

                             (1) 

where [Vs], [Is] and [Es] are the stator voltage, current and 
back-EMF vectors: 

, ,  

Rs: is the phase resistance and [Lss] is the inductance matrix of 
the healthy PMSM respectively: 

          , ss

L M M

L M L M

M M L

s

s

s

 

Where the inductance Ls is the phase self inductance and M is 
the mutual inductance between phase windings of the healthy 
PMSM. 
Ra2 and La2 represent the resistance and inductance of the 
faulty sub coil (as2). The parameters Ma1a2, Ma2b and Ma2 
represent respectively the mutual inductances between the sub-
coil as2 and the coils as1, bs and cs. The fault current through the 
insulation fault resistance rf is also called if . For the machine 
having one slot per pole and per phase, Ma2b can be considered 
equal to Ma2c. 

 The voltage equation of the faulty loop (as2) is: 

                                                                                                    

 
The equations of the voltages of the three phases are thus 

put in the form: 

                      

  

        (3) 
 

The following relations are normally allowed: 
        

  a1 a2 a1a2  

                                                                (4) 

   

  a a1 a2 a1 f  

 
By replacing the above relations (4) in the electrical 

equations (3), we obtain the following matrix writing: 
 

 
   (5) 

II 2. F -COORDINATES 
 

For the star connected winding, the zero sequence 
component of the stator current is zero. Thus, the stator 
stationary reference frame transformation is applied: 

1 1
1

2 2 2

3 3 3
0

2 2

a

b

c

x
x

x
x

x

                                (6) 

     By representing the machine stator vectors by their 
components in the  coordination, the PMSM machine 
equations with inter-turn fault (1) are simplified as follows: 
 

  (7) 

 
For the faulty loop (as2), the voltage equation n the  

coordination becomes: 
 

         (8) 

 
Finally, the machine equations with inter-turn fault (7) in  
reference frame are written as follows: 
 

(2) 
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(10) 
With: 

 , , fe e
 

                         

a2b a2c

1
M M M

2
f  

As the zero sequence component of the current is zero, the 
electromagnetic torque expression (2) is: 
 

                                                 (11) 

II 3. STATE SPACE FORM OF FAULT MODEL 
 

     For digital simulation of the electrical machine with inter 
turn fault, it is more convenient to express the dynamic 
equations in the state space form. The (10) can be written as: 

 
(12) 

The state vector (x) and input vector (u) are supposed as: 
 

;                                                         (13) 

 
Thus, the machine fault model (10) in the state space form can 
be expressed as: 

                                                                      (14) 
 
With: 
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The state space equation (14) can be used for digital 
simulation. The simulation block diagram for PMSM with 
inter-turn fault is shown in Figure 2.   
 
 
 
 
 
 
 
 
 

Figure 2: Block diagram of inter-turn fault model for PMSM. 
 

III. SIMULATION RESULTS FOR PMSM WITH INTER-TURN 

FAULTS 

         The proposed fault dynamic model (10) to (11) or       
(14) is used to modeling and study the PMSM with stator 
winding inter-turn fault. For this purpose, a four pair-pole 
PMSM. Using MATLAB-Simulink software, the fault model 
for PMSM is simulated under various inter-turn fault 
conditions. 

Winding as in the external circuit is divided to two sub-
winding as1 and as2 in series. With such a procedure, the current 
of the shorted part and flux linked with this branch is 
accessible. 

First, it is considered that fault is occurred 2% of winding 
turns in the phase as and the other phases are healthy. The 
dynamic fault model is simulated for different values of fault 
insulation resistances rf 
results, concerning the phase currents (Iabc) and the fault 
current (if) and the torque electromagnetic are presented in 
Figure 3.   
It can be seen that when the resistance to faults decreases and 
follows to a complete short circuit, the amplitude of the fault 
current increase and the phase currents become more and more 
unbalanced, the phase which fault is occurred (as), will be non-
sinusoidal. Furthermore, the phases current will have not the 
same amplitude and will be unbalanced. The phase current 
witch the turn fault is occurred in (as) is much higher than other 
phase currents (bs, cs) where these phases are also affected by 
the fault. The torque electromagnetic present increase the 
fluctuation from the nominal value. This fault may also produce 
a small torque ripples.  

Secondly, it is considered that fault insulation resistances 

of the severity of the fault  

3%. The simulation results, concerning the phase currents (Iabc) 

and the fault current (If) and the torque electromagnetic are 

presented in Figure 4.   

Before the fault the current if is zero. The phase currents 
are unbalanced with, in addition to increasing the amplitude of 
the current of the defective phase compared to the other phases 
when the number of turns in short-circuit increases, the system 
of phase currents is unbalanced, although these currents retain 
the periodic properties.  
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In stationary state (as it is the aim of this work), FFT 
analysis method is used to characterize signatures of different 
kind and strong of the short-circuit faults.  
Measurements of stator currents in healthy mode and faulty 
mode obtained by applying with different values of the severity 
the f f.  

The Figure 5-6, shows the stator current FFT analysis in 

applying a 02% of the severity of the fault and insulation 
 

The table  I shows the stator currents FFT analysis in the 

case of a single phase inter-

     

 and insulation 

 at a speed of 3000rpm. It is clear that third 

harmonic components are stronger than the healthy operating 

mode and there is an increase in this component with growth of 

the severity of the fault.  

The above study shows in the table. II, FFT analysis of stator 
current in the case of a single phase inter-
for 02% of winding turns with different values of fault 

eed of 
3000rpm, It can be seen that the phase currents harmonics 
components will increase, as the fault resistance decrease  rf. 

 

 

 

 
 (a) 

 

 

 
(b) 
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Figure 3: Phases currents, fault current and electromagnetic torque 
with severity of the fault 

fault resistance  

 

      

 

 
(a)  

 

 

 
(b) 
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Figure 4: Phases currents and fault currents simulates and 
electromagnetic torque with fault resistance rf  and the severity 

=  
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Figure 5: Spectral content of a healthy mode for PMSM, operating 

under rated load at 3000 r/min 

X: 150
Y: -77.99

X: 250
Y: -67.02

X: 350
Y: -60.44

X: 450
Y: -85.1

 
Figure 6: Spectral content of faulty mode for PMSM, operating 

under rated load at 3000 r/min. 
 
TABLE I: FFT analysis of currents for different values of the severity. 

State of PMSM  
Amplitude (dB) 

50 HZ 150 HZ 250 HZ 350 HZ 450 HZ 

Heath  mode  0 0 -85.25 -61.63 -60.14 

1% turns short 
circuited  

 
0 

 
-55.61 

 
-71.88 

 
-59. 74 

 
-72.53 

2% turns short 
circuited 

 
0 

 
-48.58 

 
-68.17 

 
-59.44 

 
-70.14 

3% turns short 
circuited  

0 -44.72 -70.50 -62.00 -71.53 

 
TABLE II: FFT analysis of currents for different values of fault 

insulation resistances. 

State of PMSM  
Amplitude (dB) 

50 
HZ 

150 HZ 250 HZ 350 HZ 450 HZ

Healthy  mode  0 -85.25 -61.63 -60.14 -85.70 

fault resistances 

rf = 10  0 -55.61 -71.88 -61. 37 -56.76 

fault resistances 

rf = 1  0 -43.63 -68.02 -58.94 -58.81 

fault resistances 

rf = 0.1  0 -32.91 -67.51 -57.34 -57.69 

 

VIII. CONCLUSION 

To identify the stator winding fault for PMSM, this paper 
proposed a model that can describe both normal and fault 
conditions. The model has been verified by comparing the 
simulation results with observations in related literature. 
However, because there is no quantified comparison, it is 
difficult to evaluate the accuracy of the developed model.  

The fault detection problem can be approached by 
identifying the two parameters associated with fault location 

and fault severity. Because of the complex distribution of these 
two parameters in the fault model, it is very difficult to design a 
nonlinear identification algorithm. The FFT analysis algorithm 
is proposed to solve the detection/identification problem 
indirectly. Simulation studies on the developed model under 
both healthy and fault conditions demonstrate the performance 
of the proposed algorithm.  

The proposed inter-turn fault model seems to be well 
adapted for PMSM health monitoring and inter-turn fault 
diagnosis. 

 

APPENDIX 

Ls = 2.82 mH, f  = 0.108 Wb, Rs = 0.88 , p = 4, 
J = 0.0006 kg.m2, f = 0.007 N.m.s/rad, In = 19A, 

Lbob = 0.00085 H, Mbob = -0.00005 H. 
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Abstract - In recent years, inclination towards renewable 
energy has increased due to its energy supply security, green 
energy use, and environmental friendliness compared to 
traditional power plants. Especially, wind energy is preferred 
because its source is free and it has the advantage of energy 
diversity for the country. According to the capacities provided by 
the national transmission and distribution system, the wind power 
plant installation is increasing day by day. The structure of wind 
energy is fluctuating, meaning that it is not stable and the voltage 
drops that might come to the fore can damage the electricity grid. 
The wind turbine must remain connected to the grid and 
contribute to the system within certain limits during or after 
faults, such as voltage drops. The operating ranges and operating 
conditions determined by the system operators during and after 
the fault are called the grid code. The grid code provides 
reliability, safety and stability in the power plant and 
transmission and distribution system. In this study, the grid codes 
for the wind power plants of various countries were examined, 
and the grid codes recently published by the countries were 
compared with the current grid codes in Turkey. 

 
Keywords - Grid Code, Grid Integration, Wind Power Plants, 

Connection Requirements  

I. INTRODUCTION 

S the demands of the countries for wind energy increase 
day by day, their installed power is increasing rapidly 

according to the grid infrastructures. If we look at the global 
renewable energy capacity, the slice in the distribution pie 
chart of wind energy onshore and offshore is considerably big. 
Fig. 1 shows the cumulative installed wind capacity globally 
on a yearly basis. The installed wind capacity which has risen 
about 10 times in the last 10 years shows the increase in 
investments. 

 
Figure 1: Global Cumulative Installed Wind Capacity [1] 

 
Fig. 2 shows the top 10 countries in the distribution of wind 

energy capacity in the world. According to this, China is in the 

1st place with a distribution of 34.7%, followed by USA with 
16.9% and Germany with 10.3%. China and the US constitute 
50% of the world's installed wind energy capacity. 

 

 
Figure 2: Wind Energy Capacity Distribution by Country [1] 

 
There are some factors to consider if wind turbines are 

connected to the grid. In order to ensure that the grid to which 
it is connected is not damaged and its safety is ensured, the 
transmission and distribution system operator (TSO-DSO) has 
to set some rules in order to ensure uninterrupted and 
continuous transmission of energy to the demanding side. 
These rules are called grid code which is specific to every 
energy type. In addition, it differs from country to country 

Comparison of Wind Power Integration Grid 
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depending on grid structures. Power system manufacturers are 
designing and manufacturing by considering these published 
grid codes. They are updating the production technology 
according to the renewed grid codes. 

Even though the grid code is widely used today, with the 
increasing capacity and wind farms being built, 18 years ago it 
was still used as a technical guide for grid integration in 
traditional power plants, before renewable energies became 
widespread [2]. 

In this study, the grid codes used in the integration of wind 
energy into the grids in different countries were examined. The 
criteria and graphical conditions in each country's grid 
regulation are explained. 

II. THE GRID INTEGRATION CRITERIA OF WIND ENERGY 

POWER PLANTS 

For safe system operation, the grid operators set limit values 
for changes in the system. The grid codes that limit the 
harmful effects of the wind turbines on the network should 
contain some elements for system safety and reliability in case 
of faults. These general requirements are; frequency control, 
FRT (Fault Ride Through), active-reactive power limitations 
and voltage control. 

A. Frequency Control 

The cut-in and cut-out of wind turbines cause frequency 
fluctuations in the power system. Under normal conditions, the 
system frequency can include very small variations. But the 
big changes in the frequency cause warming and then loss of 
insulation. System operators have specified the appropriate 
forms of these frequency change intervals in the grid codes and 
have defined the turbine grid connection requirements. 

B. Fault Ride Through Rules 

Fault ride through capacity refers to the steady state of the 
wind turbine during a symmetrical or asymmetrical fault, 
ensuring continuity in the network. Some turbines do not have 
this capacity feature and some are supported by UPS. 

 

 
Figure 3: Voltage ride through (LVRT) capability [3] 

C. Active Reactive Power Limits 

Active power control under normal conditions is to set the 
active power output according to frequency deviations. 
Reactive power control is reactive power regulation against 
voltage changes at the common connection point. The reactive 
power requirement can be provided by power factor control, 
voltage control or reactive power set point control. The grid 
code supports voltage improvements with reactive power 
injection or active power restoration; even if voltage drops are 
0 pu. 

D. Voltage Control 

It includes the operation of wind turbines in the working 
range of nominal voltage. It is one of the limits that the system 
operators specify in the grid code for the turbine to remain 
connected in the system during voltage changes. Modern 
turbines can provide this control. 

III. VARIOUS COUNTRIES  WIND ENERGY NETWORK CODE 

REGULATIONS 

The German power grid is operated by different 
transmission system operators such as E.ON, EnBW, 
Vattenfall, RWE in different regions. The renewable energy 
investments of the German government are supported by the 
Renewable Energy Law (Erneuerbare Energien Gesetz - EEG). 
In 2008, the German Energy and Water Industry Association 
(BDEW) published grid criteria for integrating renewable 
energy plants to the medium voltage level of grid [4]. 

The principles of grid connection in England have been 
published by the National Grid in various numbers and 
versions under the title "The Grid Code". In these versions, 
according to Number 5 Revision 21, the grid code specified 
for the wind turbines [5].  

The Spanish government, like other European countries, has 
accelerated the passage to renewable energy and has published 
various laws and regulations. With the publication of the law 
of RD 436/2004 in 2004, which focuses on renewable energy 
sources, the system operator was allowed to set power limits 
and setpoints on wind farms. The Spanish Grid System 
Operator (Red Electrica- REE) has published "Requirements 
for the voltage drop response of generation plants in special 
regimes" (P.O.12.3) [6]. 

In recent years, Italy has issued two different standards for 
connection to the transmission and distribution line; CEI 0-16 
and CEI 0-21 standards. The CEI 0-16 standard includes 
requirements for connection to high and medium voltage lines. 
The CEI 0-21 standard has the requirements for connecting to 
the low voltage line, and the graphs that the active users must 
comply with are standard with detailed rules [7]. 

The necessary grid rules to comply with the wind power 
plants to be connected to the Turkish Electricity System have 
been determined by the Republic of Turkey Energy Market 
Regulatory Authority (EMRA) by Annex-18 'Grid Connection 
Criteria for Wind and Solar Energy Based Photovoltaic 
Production Facilities'. These criteria include wind generation 
facilities connected to the transmission system and licensed 
production facilities based on wind energy connected to the 
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distribution system with an installed capacity of 10 MW or 
more [8]. 

IV. FAULT RIDE THROUGH PROFILE COMPARISON 

Fault Ride through capacity is the condition that the voltage 
at the connection point of the transmission or distribution 
system is connected or disconnected from the system. 
Percentage of voltage drop and duration of failure are limiting 
factors. To provide system support, the active power of the 
production facility must be increased in nominal active power. 
Voltage fluctuations (0,9pu - 
connection point are normal operating conditions and Reactive 
Power Support should be provided according to the related 
regulation. 

 
Figure 4: Turkey Transmission or Distribution System Connection 

Point Phase-To-Phase Voltage [8] 

 
Figure 5: FRT requirements in German and Spain grid code [9] 

V. FREQUENCY COMPARISON 

The operating frequency of the electricity grid system of 
each country differs according to the grid structure. Turkish 
grid uses 50 Hz, America uses 60 Hz and Japan uses both 50 
Hz and 60 Hz locally. Deviations in the specified grid 
frequency are limited to the intervals specified in the country's 
grid codes. 

According to Annex-18 of Turkish Electricity Grid 
Regulation, the working frequency for production facilities 
based on wind energy is 49 Hz - 50.5 Hz range. In the range of 
48 Hz - 51.5 Hz, there is a minimum specified working time. 
In wind plants, if the grid frequency is above 50.3 Hz, the load 
should be off, if it is above 51.5 Hz, the system must be 
completely off [8]. 

Figure 6: Power-Frequency Curve in Turkish Grid Code [8] 

 
According to Germany Grid Code, all production units must 

reduce the output power over a system frequency of 50.2 Hz. 
Power can be reduced instantaneously by reducing the 
available power (Pm) by 40% / Hz. The output power is 
allowed to rise again as soon as the frequency drops below 
50.05 Hz. The plant above 51.5 Hz and below 47.5 Hz should 
be disconnected from the grid [10]. 

 
Figure 7: Active power reduction of generating units in the case of 

over-frequency in Germany [9] 
 

In the UK, the frequency of the National Electricity 
Transmission System is nominally 50Hz and is controlled 
within the limits of 49.5 - 50.5Hz unless exceptional 
conditions apply. In exceptional cases, the system frequency 
may increase to 52Hz or decrease to 47Hz [11]. 

VI. ACTIVE AND REACTIVE POWER COMPARISON 

The active power output of the production facility must be 
automatically controllable by signals sent by the TSO. 
Depending on the installed power capacity, load input and load 
drop speed ratios are specified in the grid codes. Production 
plants based on wind energy must be able to operate 
continuously at all points for reactive power values within the 
limits indicated by the dark lines [12]. 
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Figure 8: Turkey Grid Code Wind Power Plant Reactive Power 

Capacity Curve [8] 

 
Figure 9: Three Variants of P-Q Dependencies Defined In 

Germany Grid Code[10] 

 
Figure 10: V-Q Dependence in Spain Grid Code[6] 

 
In Spanish Grid Code, active power and transmission 

voltages minimum range is 0.15 inductive - 0.15 capacitive for 
all technical active power range and nominal voltage and 0.30 
inductive - 0.30 capacitive as a function of the voltage [6]. 

Production facilities connected to the transmission system 
should respond to the equilibrium state changes of the 
connection point voltage under normal operating conditions 
defined between 0,9pu and 1,1pu of the connection point 
voltage. 

Figure 11: Reactive Power Support Curve in Turkish Grid Code [8] 

VII. CONCLUSION 

 
 
In this paper, basic information used in grid applications of 
wind energy systems is given. The grid codes required for safe, 
reliable and stable operation of power grid in voltage and 
frequency fluctuations of different countries are examined.  
Many transmission and distribution company operators have 
published their grid codes under renewable energy grid 
connections. The wind system manufacturers are designing 
their designs according to the network code being issued. 
Numerous updated grid codes must be published for network 
integrations of growing wind farms. 
In this study, the grid codes for the wind power plants of 
various countries which published from transmission and 
distribution system operators were examined, and the grid 
codes recently published by the different countries were 
compared with the current grid codes in Turkey. 
This study aims to contribute to the research and comparison 
among the existing codes by introducing the network codes of 
the different countries for the researcher and users in the 
sector. 
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Abstract Surface electromyography is a non-invasive method used 
to determine the electrical activity of muscles. Classification of 
electromyogram (EMG) signals provides information that helps 
in the preliminary diagnosis of many diseases. One of these 
diseases is the cervical disc herniation. In this study, 
Autoregressive (AR) estimation based feature extraction method 
was used for surface EMG signals obtained from cervical muscles 
and the success of this method on classification accuracy was 
investigated with various classifiers. This study consists of 
filtering, feature extraction, and classification steps of surface 
EMG signals which were obtained from Trapezius and 
Sternocleidomastoid (SCM) muscles of 10 healthy and 10 
patients. Yule walker, Burg, and Covariant methods were used to 
estimate AR parameters from filtered EMG signals. The feature 
parameters were used as input vectors of Artificial Neural 
Network (ANN), k- Nearest Neighbourhood (k-NN), Naive Bayes 
(NB) and Support Vector Machines (SVM) classifiers.  According 
to the classification results; Covariant and Burg feature 
extraction methods provide accuracy of over 90% in all 
classifiers. The best performance of these values was obtained by 
k-NN with 100% classification accuracy. The lowest classification 
results were obtained with Yule Walker for SCM muscle except 
for the k-NN classifier. The results show that; the AR method, 
which is used to extract features from surface EMG signals, 
generally provides high classification results for cervical muscles 
with many classifiers. 

 
Keywords - surface EMG, Autoregressive Estimation, 

Classification 
 

I. INTRODUCTION 

Surface electromyography (EMG) is a non-invasive technique 
that perceives signals with time-related characteristics, and it is 
useful for understanding the stimulus-response of muscles. 
Surface electrodes are placed on the skin and used to measure 
the combined activity from several motor units [1] Since the 
electrodes placed on the muscle perceive the sum of many 
action potentials, multi-channel EMG recordings allow for 
individual measurement of the muscle's electrical activity [2]. 
EMG signals are complex, non-stationary, noisy signals.  
 

 
 
The amplitude of the EMG signal is random and can usually 
be expressed by the Gaussian distribution. The available 
energy of the EMG signal is in the frequency range of 0-500 
Hz, whereas the dominant energy is the range of 50-150 Hz 
[3]. Surface EMG is widely used for muscle strength 
estimation, muscle fatigue calculation and ergonomics, sports 
physiology, and diagnostic tools in rehabilitation medicine [4]. 
In addition, EMG often helps doctors to diagnose the muscle-
nerve diseases. Surface EMG is used to detect pain and muscle 
fatigue in the cervical region so that it provides important 
information on the surface muscular disorders [5], [6], [7]. 
EMG signals are random signals which are difficult to process 
and are divided into two groups which are stationary and non-
stationary signals. Because the processing methods for non-
stationary signals are not very effective, the non-stationary 
signal is divided into segments which are considered stationary 
[8]. 
One of the difficulties with working with EMG is that the 
signal has lots of noise components, and the other is the large 
size of the recorded data. To overcome these problems, it is 
necessary to filter the EMG signals in the suitable frequency 
band. Besides, it is suggested to reduce the size of EMG data 
by using feature extraction methods.  
Many methods are used for feature extraction and 
classification from EMG signals. In the literature, wavelet 
transform [9],[10],[11],[12] and Autoregressive estimation 
[13],[14], [15] based methods are frequently used as feature 
extraction methods from EMG signals. In addition, many 
methods are used for classifying EMG signals [16], [17] , 
[18],[19] . 
In this study, Autoregressive feature extraction method was 
used for surface EMG signals obtained from cervical muscles 
and the success of this method on classification results was 
investigated with various classifiers. For this purpose, ANN, k-
NN, SVM and NB classifiers were used to classify cervical 
disc herniation patients. 
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II. MATERIAL AND METHOD 

 
In this study, filtered real EMG signals were used. The sEMG 
data were recorded from 10 healthy subjects and 10 patients. 
Patients participated this study were diagnosed with a cervical 
disc herniation by neurologist. Healthy subjects were selected 
from those who did not have any complaints from the neck 
region. sEMG data were recorded by a doctor and a technician 
in the neurology clinic with the approval of Selcuk University 
Medical Faculty ethics committee. The recording process was 
performed from Trapezius and SCM muscles simultaneously 
using two channels of the multi-channel EMG device. Two 
Ag-AgCl surface electrodes were used for each muscle. In 
addition, the reference electrode was placed on the other fixed 
stationary arm to reduce the noise problem. In this study, the 
surface electrode was chosen instead of the needle electrode, 
so the recording process was carried out non-invasively [20]. 
The EMG data used in this study were obtained from trapezius 
and SCM muscles fatigued by working for 1 min. the right arm 
parallel to the floor.  

After recording process, filtering was performed to prepare 
the EMG data for classification. For this purpose surface EMG 
signals are filtered with a Butterworth bandpass filter of 3-
1000 Hz. The filtered EMG signals were converted into an 
EMG segment containing 512x395 discrete samples for the 
feature extraction step. Three different AR methods which are 
Yule-Walker, Covariant and Burg were applied to the EMG 
signals in order to extract the features.  
  The Autoregressive (AR) model defines each samples of the 
surface EMG signal as a linear combination of previous 
samples and a white noise error term. The model is basically 
expressed in the equation (1);  
 

                          (1) 

 
 
where xn is a sample of th i is AR coefficients, 
wn is white noise or error sequence, and p is the order of AR 
model. Fourth degree AR is recommended for the calculation 
of the coefficients[14]. 

In this study, AR parameters were obtained at the 4th order 
which constitute the input vector of the classifiers. Whereas 
AR parameters were calculated at 4th order, five different 
coefficients were obtained for each EMG data. In Table 1, a 
section from the coefficients calculated for Yule walker is seen 
as an example. According to Table 1, the value of one of the 
coefficients obtained when calculating AR parameters from the 
4th order is calculated as '1' for all segments. This coefficient, 
calculated as '1', was not used as input vector of classifiers. 

 
 
 
 
 
 
 
 

 
 

TABLE1: YULE-WALKER COEFFICIENTS FOR EMG SIGNALS 

 
 

Segment Number 

YULE-
WALKER 

coefficients 1 2 3 4 5 -- -- 511 512 

 
a1 -1,8332 -1,5886 -1,4955 -1,5081 -1,6370 --- --- -1,4458 -1,5484 

 
a2 0,93396 0,51893 0,41493 0,45606 0,64758 --- --- 0,59286 0,76667 

a3 
0,14732 0,26885 0,24482 0,22885 0,2276 --- --- 0,04663 -0,0953 

 
a4 -0,2393 -0,1856 -0,1480 -0,1608 -0,2262 --- --- -0,1882 -0,1148 

 
a5 1 1 1 1 1   1 1 

 
The AR coefficients given in Table 1 were normalized to 

the 0-1 range before presented to the classifier. As a result of 
the calculations, 4*395 input data was obtained by three AR 
estimator for each subject. So that, 4*3950 input data were 
generated for 10 healthy subjects. The same values are also 
valid for fatigue step obtained from patients. 

III. RESULTS 

In this study, ANN k-NN, SVM and NB classifiers results 
were compared to investigate the success of AR feature 
extraction method on EMG signals recorded simultaneously 
from Trapezius and SCM muscles. 

For classification, a forward feed multilayered 
backpropagation algorithm, which is widely used for 
estimation purposes in engineering applications, was selected 
first. Multi-Layer feed-forward neural networks were 
composed of three layers: input layer, hidden layer and output 
layer. Hidden layer activation function and output layer 
activation function have been selected as 'logarithmic sigmoid' 
network structure. This network structure was trained with 
momentum and adaptive learning rate back-propagation 
algorithm. k neighboor value  is selected '5' for k-NN 
algorithm. Besides, Radial Basis Function (RBF) is used for 
the kernel functions used in SVM algorithm. 

To evaluate the classification performances cross-validation 
method was used. In the cross-validation method, the data set 
was randomly divided into "k" groups. One of these groups 
was left out and the remaining part was modeled. The 
classification performance of the generated model was tested 
on the excluded data. This process is alternately repeated for 
the other "k" group. In all algorithms, the number of cross 
validation is set to 5.  
In this study, the confusion matrix was used to determine the 
classification accuracy, selectivity, and specificity. 
Classification accuracy was calculated by dividing the total 
number of the true positives obtained in the classification of 
control and patient subjects by the total number of data used 
for the test. Specificity was calculated by dividing the true 
positives by the total number of the true positives and false 
negatives. Selectivity was calculated by dividing the true 
negatives by the total number of the false positives and true 
negatives [21].  
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Table 2 presents the classification results for EMG signals 
obtained from Trapezius muscle using AR-Yule, AR-Burg and 
Ar-Covariant feature extraction methods. 
 

TABLE2. COMPARISION OF CLASSIFIERS FOR TRAPEZIUS MUSCLE 

 
Feature 

extraction 
method 

  Specificity(%) Selectivity(%) 
Classification 
Accurasy(%) 

Yule-Walker 

ANN 95.56 97.33 95.56 

k-NN 99 99 99.8 

NB 75.1 74.4 81.8 

SVM 79.8 79.3 79.3 

Covariant 

ANN 99.9 98.15 99.05 

k-NN 99.8 99.8 99.9 

NB 94.6 94.6 98.2 

SVM 97.2 97.2 97.2 

Burg 

ANN 100 97.5 98.71 

k-NN 99.7 99.7 99.9 

NB 95.9 95.9 98.7 

SVM 92.5 92.2 92.2 

 
According to the Table 2, k-NN gives the best classification 
results with %99.9 classification accuracy for trapezius muscle 
using AR coefficients. ANN is the second classifier with the 
highest accuracy Generally NB and SVM provided over %90 
accuracy for Covariant and Burg method, but they did not 
show the same performance for the Yule-Walker. Table 3 
presents the classification results for EMG signals obtained 
from SCM muscle using Yule-Walker, Burg and Covariant 
feature extraction methods. 
 

TABLE 3 COMPARISION OF CLASSIFIERS FOR SCM MUSCLE 
 

Feature 
extraction 

  Specificity(%) Selectivity(%) 
Classification 
Accurasy(%) 

AR-Yule 

ANN 71.07 81.94 76.51 

k-NN 97.5 94.6 94.6 

NB 81.5 72.2 72.2 

SVM 87.1 88.3 87.1 

AR-Cov 

ANN 99.69 98.61 99.1 

k-NN 99.9 99.9 100 

NB 90.8 90.8 97.8 

SVM 95 95 95 

AR-burg 

ANN 100 99.94 99.97 

k-NN 99 99 100 

NB 99 99 99.8 

SVM 96 96 96 

 

According to the Table 3, k-NN gives the best classification 
results with %100 classification accuracy for SCM muscle 
using Burg and Covariant coefficients. ANN is the second 
classifier with the highest accuracy for Burg and Covariant, 
but it did not provide sufficient classification accuracy for 
Yule-Walker method. NB and SVM provided over %90 
accuracy for Covariant and Burg method, but they did not 
show the same performance for the Yule-Walker method. 

IV. CONCLUSION 

In this study, feature extraction method using Autoregressive 
estimation was used for surface EMG signals obtained from 
cervical muscles and the success of this method on 
classification results was investigated with various classifiers. 
For this purpose, ANN, k-NN, SVM and NB classifiers were 
used to classify cervical disc herniation patients. According to 
the classification results, k-NN algorithm provided the best 
classification accuracy for all AR estimation methods. In this 
study, classification of cervical disc herniation patients was 
performed by using AR estimation based feature extraction 
methods from simultaneously recorded surface EMG signals 
from two neck muscles. 
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Abstract - Zambia has an average solar irradiation of 5.5 
kWh/m2/day and average 2000-3000 hours of sunshine per year. 
In order to diversify energy mix and achieve the sustainable 
development goals of energy access for all, the government of 
Zambia through build-own-operate mode intends to develop a 
total of 10MW PV power plants in Eastern provinces. This paper 
is therefore aimed at analyzing the performance of three types of 
PV technologies (CIS, C-Si, CdTe) using Photovoltaic 
Geographical Information System (PVGIS) in order to compare 
their performance for grid connected PV systems in Eastern 
province of Zambia. Furthermore, the effect of using tracking 
systems on the performance of the PV systems was also 
investigated. The analyzed results indicate that CdTe PV 
technology shows highest performance ratio of 80.17%,  CIS of 
73.97% and C-Si of 72.24% for fixed horizontal PV system.  In 
short, thin film PV technologies show better performance than 
crystalline silicon PV technologies under the weather condition of 
Eastern Province of Zambia. This study is important as it present 
an overview performance of the three PV technologies under 
weather condition of Eastern Province which is vital for decision 
making, sustainable solar energy system development and 
selecting of appropriate PV technologies suitable for the weather 
condition in the country.    

 
Keywords  Capacity factor, performance ratio, PV technology, 

free-standing photovoltaic (PV) plants, sustainable energy 
development  

I. INTRODUCTION 

NERGY is one of the basic necessities for the 

survival of human race. It is also important for the 

progress of the nation and essential factor for economic 

development. In other words, the absence of access to 

energy has a negative impact on human race and any 

energy technologies nowadays is increasing in the world 

and most of the countries are trying to follow the move 

[1]. This has resulted in studies in order to assess the 

energy potentials and also show the need to use 

renewable energies in order to protect our planet and 

the environment around us [1, 2]. Sustainable 

deployment, selecting and development of any solar 

energy projects, assessing the performance of various PV 

technologies on the market in order to predict their 

performance and identifying the one suitable for  that 

Therefore, three types of PV Technologies i.e. CIS, C-Si 

and CdTe are commonly used on the PV market and 

also, this technologies are widely investigated [5,6]. 

Performance analysis for PV technologies under local 

condition is vital for identifying performance 

uncertainties in PV technologies and selecting 

appropriate type of PV technology [7], as a result 

various studies related to PV system performance have 

been carried out in different countries[3, 7-10]. The 

International Energy Agency has setup a number of 

tasks (15) for monitoring, operation and performance of 

solar PV systems under photovoltaic power systems 

programme (IEA-PVSP) [11]. As such, PV systems 

performance studies are carried out according to IEC 

61724 standard and guidelines [7-10,12]. However, in 

Zambia the studies on the performance of various PV 

technologies in PV systems as per IEC 61724 standards 

are not readily available. Thus, as the country is 

embarking on energy diversification and targeting to 

reach sustainable development goals with the target of 

increasing access to energy for rural and urban areas in 

Zambia [13], the study of various PV technology 

performances in local weather is very important for 

selecting PV technology appropriate for local weather 

condition [7]. 

The aim of the paper is to study and analyze the 

performance of three types of PV technologies for grid 

connected PV systems application under the weather 

condition of Eastern Provinces of Zambia. Thus, the 

paper focuses on comparative study on the performance 

of three types of PV technologies and the effect of using 

solar tracking systems in PV systems. In order to study 

Comparative Performance Analysis of PV 
Technologies in Eastern Province of Zambia 
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the performance of these three types of PV technologies 

(CIS,C-Si, and CdTe)  in grid connected PV system, 

PVGIS programme were used and a 20 kWP free-

standing PV system has been used in the analysis as a 

sample  array in the larger PV systems. The inclination 

angle of PV systems was also varied to study the change 

in PV system total losses and compare the energy 

production with the system fixed on horizontal.  The 

study show that total PV system losses for CIS and C-Si 

PV technologies increases with increase in inclination 

angle while for CdTe PV technology decrease with 

increasing inclination angle. In addition, fixing the PV 

system on horizontal resulted in more energy produced 

as compared to fixing it at optimal angle. For the fixed 

horizontal PV systems the performance ratio of CIS, C-Si 

and CdTe were found to be 73.97, 72.24 and 80.17%, 

while the total PV technology losses were 11, 12.5 and 

3% respectively. 

II. THE STUDY AREA 

Eastern province is located in the eastern part of Zambia at 
the latitude of 10 to 15 degrees and longitude 30 to 34 degree 
east of prime meridian with an area of 69,208 square 
kilometers as shown in figure 1[14, 15]. In 2010 the province 
had a population of approximately 1,707,731 people (2010 
Census) with average annual population growth rate of 2.7% 
[16]. The population distribution shows that 64% of the 
population lives in rural area and 36% lives in urban areas [13, 
16, 17]. According to International Renewable Energy Agency 
(IRENA), Africa-EU Energy Partnership [13, 18], only about 
3% of the rural population are electrified leaving the majority 
of the population to depend on wood fuel and other traditional 
energy sources for their household energy needs.  

In order to achieve the sustainable development goals of 
access to energy for all, the government of Zambia through 
build-own-operate model is intending to build a total of 
10MW PV system in Eastern provinces [13]. Therefore, for 
decision making and appropriate selection of the PV 
technology capable of withstanding the weather condition in 
Zambia for optimal utilization of solar energy, performance 
analysis of PV technologies in Grid Connected PV system is a 
must. Thus, this study is a must and very important. 

 
Figure 1: Location of Eastern Province in Zambia [15-

ArcGIS]    

A.  Solar Energy Potential in Zambia 

According to the previous studies and data undertaken by 
Meteorological Department of Zambia, the country has a 
significant potential of solar energy for both power production 
and thermal from solar energy technologies. The country has 
average peak sunshine of about 6-8hours per day and   
monthly average solar radiation of 5.5kWh/m2-day throughout 
the year [19, 20].  According to (IRENA) [13], the country has 
the highest total yearly solar radiation of 2,750kWh/m2-year 
with the highest average temperature of 300C.                     

III. PERFORMANCE EVALUATION OF PV SYSTEM 

In order to evaluate the performance of grid connected PV 
power plants the following performance indices are normally 
used [7-10, 12]; yields, Normalized losses, and System 
efficiencies, Performance ratio and capacity factor [4]. 
However, in this study final yield, Normalized losses i.e 
Performance ratio and capacity factor has been adopted for 
analyzing the performance of the three types of PV 
technologies in PV systems considering the Eastern province 
of Zambia weather condition were the government is intending 
to build PV power plants. The Photovoltaic GIS programme 
has been used to study the effect of using tracking systems on 
the PV system performances (fixed position, vertical axis 
tracking and 2-axis tracking) using three types of PV 
technologies (CIS, C-Si, and CdTe). A 20kWP PV system has 
been used in the study as a sample of the array in larger PV 
systems. 

A. Energy Model of PV Aray 

PV panels are affected by the weather conditions and 
efflorescence. So the energy production of the PV arrays 
calculation takes into consideration the efficiency of the PV 
technology and some other factors such as losses due to 
weather condition i.e temperature and dirt covering the module 
and the losses due to power conditioning.  Equation 1 shows 
the energy produced by the PV arrays [21]. 

       (1) 
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Where EA is energy output of PV array (kWh/day), APV is a 
array area (m2), HR is solar radiation on the module (kWh/m2-

day), p is module efficiency, p is a miscellaneous module 
losses (i.e due to dirt covering), C is a power conditioning 
losses 

Array efficiency is a function of its nominal efficiency, r 
which is measured at a reference temperature Tr=250C [21, 
22]. It is calculated as: 

         (2) 

Where a temperature coefficient for module efficiency, Tc 
is is a module temperature, and Tr is a reference temperature. 
Module (Cell) temperature is related to the ambient air 
temperature Ta [21, 23] as given below: 

    (3) 

Where G is in-plane solar irradiance (W/m2), GNOCT is a 
solar irradiance (1000W/m2), Ta is an ambient Temperature 
(0C), TNOCT is nominal cell operating temperature (460C), and 
Ta,NOCT is reference ambient temperature (250C). 

B.  PV Systems Potential Electricity Generation Model        

The total AC electricity generated by the PV system is the 
sum of the electricity produced by all array in the PV power 
plant measured at the point where the system fed to utility grid 
[3,4]. The total daily EAC,DP and monthly EAC,mP AC energy 
generated by plant is expressed as [3,4,7] 

                   (5) 

                    (6) 

Where N is a number of days in the month, EAC,t is a energy 
produced by PV power plant per hour (kWh) 

C. Daily Means Yield Model        

Daily mean yields are defined as the energy produced by PV 
array over a given period per rated installed PV capacity PPV, 
with units of kWhd-1kW-1 or hd-1[12]. Yields shows the time 
period the array or PV plant would have to operate at its rated 
power to produce particular energy quantity [3,4, 7]. There are 
three types of yield namely: array yield YA, final PV power 
plant yield Yf and reference yield YR [12]. Equation 7, 8 and 9 
express daily array yield YA,d, daily final PV system yield Yf,d 
and daily reference yield YR,d   [4, 7, 12] 

                  (7) 

                  (8) 

                  (9) 

Where GI,ref -plane irradiance 
(1kW/m2), HR is the solar Irradiation (kWh/m2-day), and PPV is 
the PV array rated power (Wp) 

D. Normalized Losses Model  

Normalized losses shows the time period during which the 
PV power plant have to work at its rated power in order to 
provide for the losses [12]. Under normalized losses three 
indices are considered during the evaluation namely; array 
capture losses LC which shows losses in array, system losses LS 
representing losses in the PV system, and performance ratio 
PR [12]. Thus, the LC and LS are given by eqs 10 and 11 
[3,4,12] respectively. 

               (10) 

                   (11) 

Performance ratio is denoted by PR, this factor is important 
 rated 

output power due to the PV array temperature, PV array 
incomplete use of the solar irradiation, and PV system 
component inefficiencies or failures. It is calculated as [12] 

              (12) 

Where G-standard test condition solar radiance (1kW/m2) 

and STC-array efficiency at standard test condition given as   
                 (13) 

Where APV,A-Active array area (m2) and  PPV,A- array rated 
power (kWP) 

E. Capacity Factor Model         

The capacity factor is a model used to show the amount of 
energy delivered by an electric power generation system [4]. It 
is defined as the ratio of the output actual annual energy 
generated by  PV system to the amount of energy the PV 
system would generate if it is operated continuously at full 
rated power for 8760 hours in a year and it is expressed 
as[4,24] 

         (14) 

Where CF is capacity factor (%), EAC is Actual annual 
energy output [kWh/year] and PPV is Full rated PV power 
[kWp] 

IV. RESULTS AND DISCUSSION 

In this study, performance analysis of three types of 

PV technologies (CIS,C-Si, and CdTe)  in grid connected 

PV system has been carried out using PVGIS programme 

and a 20 kWP free-standing PV system has been used in 

the analysis as a sample  array in the larger PV systems. 

During the simulation, the inclination angle of PV 

systems was also varied to study the change in PV 

system total losses and compare the energy production 

with the system fixed at horizontal. Furthermore, two 

tracking systems have been also considered in order to 

study the effect of these systems on PV technologies 

performance.  The study show that total PV system 
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losses for CIS and C-Si PV technologies increases with 

increase in inclination angle while for CdTe PV 

technology decrease with increasing inclination angle. In 

addition, fixing the PV system on horizontal resulted in 

more energy produced as compared to fixing it at 

optimal angle.  

Monitoring the solar radiation captured due to use of 

different solar tracking systems and the PV technology 

losses due to weather condition is very vital. Since these 

parameters have impacts on the energy that can be 

generated by the PV system. Figure 2 shows that, the use 

of solar tracking system in PV systems result in more 

solar radiation being captured, which results in more 

electricity production by the PV system as shown in 

figure 3. The annual average daily solar radiation 

captured varies from the lowest of 5.26kWh/m2-day 

(Fixed Optimal at 16degrees) to highest of 7.84kWh/m2-

day (2-axis).  The site optimal inclination angle for the 

panel was determined by the software which depended 

on a number of factors such as location(south or north, 

near or far from equator, etc) and the landscape (flat, 

hilly, slope, etc), for the location under consideration 

16degrees facing North was determined as the optimal 

angle for installation of panels. This larger inclination 

angle for location near the equator could be due to the 

site considered is hilly. 

The PV technology losses which depends on the 

weather condition such as temperature, dirty, low 

radiation etc and also on the angular reflectance for PV 

technologies CIS, C-Si and CdTe is found to be 11, 12.5 

and 3% respectively. The PV technology losses and 

angular reflectance losses are shown in figure 4-6. Figure 

4 and 5 shows the effect of change on PV system 

inclination angle on the PV technology losses, the figure 

4 shows that as the inclination angle is increasing the PV 

technology losses due to angular reflectance increases 

while the losses due to temperature and low radiation 

decreases.   However, the overall PV technology losses 

for CIS and C-Si increases with increase in inclination 

angle while for CdTe the total losses decreases with 

increase in inclination angle as shown in figure 5. Figure 

6 shows the PV technology losses due to temperature 

and low radiation. The CdTe shows lowest losses due to 

weather condition of 3% while C-Si has the highest 

losses of 12.5% and CIS has 11%. Thus, it can be noticed 

that using CdTe PV technologies in Eastern province 

will result in less losses due to weather condition as 

compared to using CIS and C-Si. 

The electricity generated by the PV system varies 

according to the tracking system and the PV technology 

used in the system.  The annual average electricity 

generated by the 20kWP PV system fixed at horizontal 

(CIS, C-Si, CdTe) is 31.300, 30,600 and 33,900kWh/year. 

While system fixed at optimal angle (CIS, C-Si, CdTe) is 

28,800, 27,700 and 31,000kWh/year. However, using the 

vertical Axis tracking systems in the PV system (CIS, C-

Si, CdTe) resulted in energy generated of 40,900, 39,7000 

and 43,400kWh/year. Yet, more energy is generated 

when a 2-axis tracking system is used (CIS, C-Si, CdTe) 

44,300, 42,900 and 46,800kWh/year as shown in figure 3. 

The CdTe PV system shows highest energy generated 

followed by CIS while C-Si has the lowest, this is due to 

low weather losses experienced by CdTe PV technology 

as compared to CIS and C-Si. Increasing inclination 

angle resulte in increase in cooling effect from the wind 

as more wind is allowed to under the panels, thus CdTe 

cools faster than other two panels due to the thickness of 

cells. Thus, despite increase in PV angular reflectance 

losses with increase in inclination angle for all the panels 

under consideration, CdTe total losses shows reduction 

due to cooling effect whereas the other panels shows an 

increase in the losses. In addition, CdTe is affected less 

by temperature as compared to the other two panels 

under consideration. 

 Therefore, CdTe is much appropriate PV technology 

for use in PV systems in Eastern province of Zambia. In 

short, thin film PV technologies show better 

performance than crystalline silicon PV technologies in 

PV systems under the weather conditions of Eastern 

Province, this is due to the fact that thin film PV 

technologies experience lower temperature effect than 

crystalline silicon PV technologies. Thus, it is concluded 

that the electricity generated by PV systems is mainly 

influenced by PV technology characteristic, weather 

condition and tracking system used in the PV system. 

 
Figure 2: Annual Average Solar Radiation Captured 
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Figure 3: PV Technologies Yearly Electricity 

Production 

 
Figure 4: PV Losses Due To weather and Angular 

Reflectance 

 
Figure 5: Total PV Technology Losses 

 
Figure 6: PV System Losses due temperature and low 

radiation 

It can be observed from figure 7 and 8 that the yearly 

average capacity factor and yearly final yield for the 

three PV technologies shows some similarity in the way 

they vary with tracking system.  

The capacity factor of fixed horizontal (CIS, C-Si, 

CdTe) power systems is found to be 17.87, 17.47 and 

19.35% and for fixed optimal (CIS, C-Si, CdTe) PV 

systems is 16.44, 15.81 and 17.69%. While using the 

tracking sysems in PV system, the vertical axis tracking 

system (CIS, C-Si, CdTe) the capacity factor is found to 

be 23.34, 22.66 and 24.77% and using 2-axis tracking 

system in PV systems (CIS, C-Si, CdTe) resulted in 

capacity factor of 25.29, 24.49 and 26.71%. In all the 

systems it is found that the capacity factor increases with 

use of tracking system than in fixed systems and CdTe 

has the highest CF while C-Si has the lowest. 

Furthermore, final yield of the PV technologies  CIS, 

C-Si and CdTe in systems fixed at horizontal, fixed at 

optimal angle and using tracking systems, the CdTe  PV 

technology  is found to have the highest, followed by 

CIS and C-Si have the lowest as shown in figure 8 and 

table 3. In addition, CdTe PV technology shows highest 

PR (above 78%) compared to CIS (above 73%) and C-Si 

(above 72%) PV technologies for both fixed installed and 

also with tracking systems as shown in figure 9 and table 

3. Thus, it is concluded that CdTe technology can 

perform better than CIS and C-Si technologies in the 

Eastern province of Zambia. However, it is important to 

also consider the investment costs of this  systems 

against the payback period and the investment benefits 

in order to reach the optimal decision. 

Generally according to literature it is expected that a 

titled solar panel fixed at an optimal angle to produces 

more energy over a year, than a horizontal fixed solar 

panel. However, this theory is more true for countries 

far from the equator than countries that lies at or near to 

the equator. The area under consideration is close to 

equator at latitude 100South of the equator. 

 

 
Figure 7 : Yearly Average Capacity factor 
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Figure 8: PV Technologies Yearly Average Final Yield 

 
Figure 9: PV Technologies Yearly Average 

Performance Ratio 

The study of monthly variability of solar radiation and 

monthly average electricity production in the province 

while using different solar tracking systems and PV 

technologies is very important for planning of the 

energy management, monthly electricity production and 

selecting the better installation of the system and 

appropriate PV technology. Figure 10 shows the 

variability of monthly solar radiation for both fixed  

systems and system with tracking systems. It is worth 

noting the effect of installing the PV system at fixed 

optimal angle in Eastern Province, that less solar 

radiation is captured between the months of March to 

October as compared to installing the system at 

Horizontal. Thus, for larger system that do not use 

tracking systems, installing at fixed horizontal is found 

to result in the optimal utilization of solar energy than 

installing at optimal angle. Furthermore, it is important 

when considering the area required for installation of 

the utility-scale PV systems in the Province. Installing 

PV systems at horizontal would reduce the required area 

and results in more energy generation than installing at 

optimal angle as it can be observed in figure 10 the 

captured monthly average solar radiation at  fixed 

horizontal and finxed optimal angle 

The monthly average electricity production for CdTe, 

CIS and C-Si PV technologies in Fixed horizontal system 

is shown in figure 11. Fig.11 shows the energy 

generation with temperature changes during the year, it 

is worth noting that highest energy generation and 

maximum cell temperatures for all the PV systems using 

different PV technologies is expected in the months of  

october,  despite of higher temperatures in this month. 

In this month more energy is generated despite of higher 

temperature which is  due higher  solar radiation being 

received in this month, thus complementing the losses 

that may occur due to higher temperature.

 
Figure 10: Comparison of Variability of Monthly average Daily Solar Radiation and Temperature 
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Figure 11: Comparison of Monthly Average Electricity Production and Temperature 

 

Table 3: Comparison of Performance Parameters for Three PV Technologies 

Tracking 

System 
H 

E

S 

PV Technology 

CIS C-Si CdTe 

EAC,

yr 

Y

F,yr 

C

F 

P

R 

EAC,

yr 

Y

F,yr 

CF P

R 

EA

C,yr 

Y

F,yr 

C

F 

PR 

Fixed 

Hozirotnal 

5.

80 

2

120 

313

00 

1

565 

17

.87 

73

.97 

306

00 

1

530 

17.4

7 

72

.24 

33

900 

1

695 

19

.35 

80.

17 

Fixed 

Optimal  

5.

26 

1

920 

288

00 

1

440 

16

.44 

73

.76 

277

00 

1

385 

15.8

1 

72

.24 

31

000 

1

550 

17

.69 

80.

61 

Vertical Axis 7.

53 

2

750 

409

00 

2

045 

23

.34 

74

.37 

397

00 

1

985 

22.6

6 

72

.38 

43

400 

2

170 

24

.77 

79.

02 

2-Axis 7.

84 

2

860 

443

00 

2

215 

25

.29 

73

.98 

429

00 

2

145 

24.4

9 

72

.07 

46

800 

2

340 

26

.71 

78.

44 

H-Annual Average Solar Radiation (kWh/m2-day) 

ES-total yearly average solar energy (kWh/m2-year) 

CIS-Copper Indium Selenium 

C-Si-Crystalline Silicon 

CdTe- Cadmium Tellur 

V.CONCLUSION 

The study has presented the overview of the performance of 
the three types of PV technologies in Eastern Province of 
Zambia using PVGIS. The study show that, the CdTe PV 
technology have better performance for PV electricity 
generation in Eastern Province, followed by CIS then C-Si. It 
has also presented the effect of using tracking system in the 
performance of PV systems. From the results presented, it 
shows that use of tracking system in PV system results in more 
energy production, however it has some negative effect on the 
overall performance ratio of the system, as it can be noticed 
that CdTe has better performance ratio when fixed at optimal 
angle than using tracking system. The performance of the PV 
systems in Eastern province of Zambia will vary depending on 

PV technology that will be used in the system, the tracking 
system, PV array inclination (fixed horizontal or at optimal 
angle), and weather/season. The analyzed results show that 
CdTe PV technology standout to be the best PV technology 
for use in PV systems in Eastern province of Zambia. For a 
20kWP PV system using CdTe PV technology at fixed 
horizontal would produce electricity of 33,900kWh/year, with 
annual final yield of 1695kWh/kWP and capacity factor of 
19.35% and Performance Ratio of 80.17%. . Thus, use of 
CdTe PV technology in PV systems appears to be one of the 
best effective solutions for production of sustainable and clean 
energy in energy generation mix in Eastern Province of 
Zambia. 
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Abstract  In this study, Serial Peripheral Interface (SPI) 
communication between the ADS 8568 EVM-PDK 
(Evolution Performance Development Kit) Analog to 
Digital Converter (ADC) developed by Texas Instrument 
and Xilinx XC5VLX110T FPGA board is implemented in 
order to verify Induction Motor (IM) model in real-time. 
Analog datas obtained from the voltage, current and torque 
transducers are converted to digital datas by ADC and read 
with FPGA simultaneously in real-time. Thus, the - stator 
stationary axis components of the stator voltage (  and 

) and - axis components of the stator current (  and 

) are calculated by Clarke transformation. The load 

torque  is obtained by passing the measured signals from 
the torque transducer through the low-pass filter which is 
implemented on the FPGA using 64-bit double floating 
number format. In addition, the signals obtained from the 
incremental encoder are read by the FPGA after the voltage 
level shifting with 74LS245P Integrated Circuit (IC), so that 
mechanical speed  (or ) of the rotor can be measured. 
All measurement algorithms except for the lowpass filter 
constructed for load torque measurement are implemented 
with VHDL by using 32-bit single floating numbers. The 
real-time verification of the rotor flux-based IM model is 
performed offline before it is implemented on FPGA by 
using the stator voltages, currents and load torque 
measured from the IM by using the simultaneous 
measurement unit in real-time. Thus, an FPGA-based real-
time open-loop experimental setup of IM is established for 
the future works about the estimator/observer based speed-
sensorless control of IMs. 

 
Keywords  FPGA, induction motor, parallel programming, 

estimated-based speed-sensorless control, VHDL.  
 

I. INTRODUCTION 

N the process of developing engineering designs, the 
verification and testing of motor controllers used for electric 

vehicles is a time consuming operation with high cost. Also,  
testing the high-power controllers can lead to safety problems 
[1]. As it is well-known, modelling is a mathematical 
expression of a physical system in all areas and simulation is a 
hardware or software calculation based platform where these 
models can be tested numerically. High accuracy and high 
speed modeling and analysis equipment are needed for design 
optimization, dynamic characteristic analysis, controller 

design, and transient stability analysis of electrical machines 
[2]. Lately, the performances of the IM control methods 
proposed in the literature are extensively tested on hardware in 
the loop (HIL) system which is basis for the real-time 
simulation platforms [1]. The HIL methodologies that form 
real-time emulator systems have a widespread acceptance since 
they provide a fast and safety test environment in the design of 
automotive, energy and aerospace, especially in the creation of 
measurement systems, electronic circuit design and industrial 
control applications [3]. 

On the other hand, sampling time is important in HIL 
simulator or in real-time emulators, if not as much as in real-
time experimental environments [4]. It is known that a system 
must be able to be rapidly calculated in a simulation platform 
so that it can be realized with low sampling time. That is why 
FPGAs with fast processing capacity are finding applications 
today in real-time emulator [5]. FPGAs have low I/O latency 
and the ability to process in nanoseconds makes them suitable 
for real-time simulation of high frequency signals [2]. FPGAs 
offer a parallel architectural structure that can fully match the 
required mathematical and logical expressions of the algorithms 
to be implemented. The parallel simultaneously processing 
ability allows FPGAs to reduce sampling time [5]. 

There are some studies in the literature about the simulation 
of electrical motor control and driver algorithm with motor 
model and driver model or verification of the electrical motor 
model in FPGA-based HIL system or real-time emulator [1, 3-
12]. In [3], it is demonstrated that a novel real-time emulator of 
a permanent magnet synchronous motor (PMSM) drive suitable 
for HIL testing of both healthy and faulty conditions, 
considering in particular stator short-circuit. This emulator is 
implemented on FPGA with 32-bit fixed point numbers. Ref. 
[6] presents a test setup for the analytical modelling of a three-
phase low voltage IM drive model in closed-loop. The model is 
developed in MATLAB Simulink by using C language based 
S-functions compatible with the real-time workshop (RTW) 
platform which is constructed on FPGA. In [1], a nonlinear 
approach of a real-time IM model and control system are 
implemented in a National Instruments real-time platform and 
then, the HIL simulation results are compared with real values 
of IM states obtained by measurements. In [4], the IM model is 
verified offline on FPGA in HIL and real rotor speed obtained 
from the experimental setup is compared with simulation result. 
However, in this study, any FPGA board is not included to the 
real-time IM experimental setup. In [7], FPGA is programmed 
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by using real-time interface of Opal-RT-based platforms which 
utilizes a Xilinx Virtex 6 FPGA in order to model the system; 
The codes of FPGA are constructed by blocks. An external 
DSP-based controller is used to generate the signal of the 
converter model implemented on FPGA with IM model in HIL. 
The outputs obtained from the models are saved in real-time by 
using digital to analogue converter (DAC) and ADC connected 
to terminals of FPGA board for applying the gate signals 
obtained from DSP to the converter model. So the HIL control 
performance of the electrical vehicle system is tested. In [8], 
voltage source inverter (VSI) model, PWM technique, and IM 
model are implemented on FPGA with VHDL. Also, DSP
based IM experimental setup is operated under the same 
conditions and real-time results are compared with the 
simulation results obtained from the FPGA-based HIL system. 
Ref. [9] introduces an FPGA-based implementation of offline 
HIL emulator of nonlinear dynamic model of IM; A digital 
three-phase power source generates the required line to line 
voltages for emulating the manner of an ADC. In [5], a real-
time HIL emulator of a synchronous motor (SM) includes SM 
delta-operator model, VSI model, and model of a mechanical 
load. However, the emulator is run on ModelSim which is the 
software-based simulator of the FPGA; Thus, it is not possible 
to say that the proposed system is tested on a hardware platform. 
Also Refs. [10] and [11] demonstrate offline HIL verification 
of the IM model on FPGA. In [12], the actual stator voltages 
and load torque are measured from DSP-based open-loop IM 
experimental setup and registered to memories of the FPGA. 
Then actual voltages and load torque are applied to the IM 
model which is implemented on FPGA. Thus, the IM model is 
verified offline in HIL system.  

There is no clear statement in the literature about how a real-
time HIL system is established in an IM experimental setup. 
Also it is seen from the literature that some studies are 
implemented offline on HIL system, but the authors affirm that 
the studies are about the real-time emulator of IM or a control 
method of IM. In addition, the results are given in a short time 
interval in the existing literature. 

The HIL systems are classified as two types: The first type 
of HIL system is called as controller HIL (CHIL). In CHIL 
system, there is no power transfer to or from the hardware-
based controller and the power system is implemented on 
controller as a virtual system. The other type of HIL is named 
as power HIL (PHIL). The PHIL system involves power 
transfer to or from the hardware under test [13]. Thus, in this 
study, a PHIL system is implemented on an FPGA-based real-
time IM experimental setup to verify the rotor flux-based IM 
model by using the measured actual values of stator voltages 
and load torque of the IM and the established experimental 
setup is introduced in detail. The IM model and SPI 
communication which is used for the data transfer between the 
FPGA and ADC board are implemented with VHDL on FPGA. 
The measured real values of the states (stator voltages, stator 
currents, load torque and rotor speed) and results of the IM 
model are sent to PC via Ethernet communication which 
constructed on FPGA with Ethernet Wrapper core of the FPGA. 
Then the row Ethernet packages are grabbed by Wireshark and 

converted to meaningful values by PERL software language. 
The meaningful values about the measured states and 
simulation results obtained from the IM model are graphically 
evaluated on MATLAB. 

This paper is organized as follows: After the introduction in 
Section I; the FPGA-based real-time IM experimental setup are 
defined in Section II. implementation of the SPI communication 
between ADC and FPGA is given in Section III while Section 
IV describes the discretized rotor flux-based IM model and real-
time verification results. Finally, conclusions and the 
suggestions for the future studies are explained in Section 6 

II. FPGA-BASED REAL-TIME IM EXPERIMENTAL SETUP 

The FPGA-based open-loop IM experimental setup 
established with the aim of real-time online verification of the 
IM model is shown in Fig. 1. The components used in the 
experimental setup which is shown in Fig. 1 are given as 
follows: 

 ADS 8568 EVM-PDK ADC is manufactured by Texas 
Instruments. 

 DRBK-50 series torque transducer is produced by ETH and 
has  torque capacity to load IM. 

 ERN120 series 5000 lines incremental encoder is utilized to 
measure the rotor mechanical speed of the IM and 
74LS245P integrated circuit (IC) is used for voltage level 
shifting between the encoder output signal and FPGA digital 
I/O ports. 

 LV100-400 voltage transducers and LA55-P/SP1 current 
transducers manufactured by LEM is utilized to measure 
three-phase voltages and currents of IM, respectively. 

 Xilinx Virtex 5 XC5VLX110T FPGA is used for 
constructing the VHDL commands of IM model and 
evaluation commands of ADC module by using the parallel 
architecture of FPGA inherently. 

  IM is manufactured by TEE Electric Motors. 
 

 
Figure l: Schematic representation of FPGA-based real-time IM 

experimental setup. 
 

The ADS 8568 EVM-PDK ADC which is capable of 16-bit 
dual-polarity measurement is used between sensors and FPGA 
in order to evaluate the information obtained from the voltage, 
current and torque transducers in the FPGA-based real-time IM 
experimental setup. In addition, the 74LS245P voltage level 
shifter IC reducing 5 [V] to 3.3 [V] is convert the voltage level 
of the incremental encoder terminals to the appropriate voltage 

inpV

ADS 8568 EVM-PDK
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levels of the FPGA terminals. In order to determine the exact 
value of the load-torque obtained from the moment transducer, 
the fourth-order low-pass filter is implemented in the FPGA. 
The coefficients of the low-pass filter implemented on the 
FPGA are determined by MATLAB. The discrete-time 
mathematical expressions of the low-pass filter are 
implemented using 64-bit floating point numbers to improve 
the accuracy of the low-pass filter. 

III. IMPLEMENTATION OF THE SPI COMMUNICATION 

BETWEEN ADC AND FPGA 

The ADS 8568 EVM-PDK ADC which is used to obtain real 
values of the three phase stator voltages, stator currents and load 
torque of IM from the voltage, current, and torque transducers 
have the following electrical features: 

 16-bit resolution. 

 8 simultanous bipolar analog input channels. 

  sampling rate. 

 Data transfromation by SPI or Frame Synchronous (FSYN) 
parallel communication. 

  and  selectable analog input voltage range. 

  and  selectable digital output voltage level. 
 

In case of using only EVM layer of ADS8568 EVM-PDK 
ADC, it is suggested that the converter data should be 
transferred by SPI protocol [14-15]. The SPI communication 
between ADC and FPGA is performed by using the timing 
diagram which is shown in Fig. 2. This timing diagram is 
offered in [14] and all time requirements are arrenged in FPGA 
by using a state machine loop implemented with VHDL. 

 

 
Figure 2: Timing diagram of SPI protocol [14]. 

 
The meanings and functions of the signals given in Fig. 2 are 

described as follows: 

 XCLK indicates the internal clock frequency of ADS 8568 
EVM-PDK ADC. 

 CONVST_x is sent to ADC from an external 
microcontroller and indicates that the ADC starts analogue 
to digital conversion. 

 BUSY is an output digital signal of the ADC and shows that 
whether the conversion has finished. 

 ( ) is an output digital signal of the ADC and describes that 
digital data can be read from ADC. 

 SCLK is clock frequency of SPI communication sent to 
ADC from the external microcontroller. 

 SDO_x illustrates the digital outputs of ADC (There are 
four digital output channels in ADC and every output 
channel carries 32-bit data string which is formed by putting 
in order two 16-bit output channels in one string) 
 

Furthermore, the timings mentioned in Fig. 2 are given in 
Table 1. The SPI communication between ADC and FPGA is 
implemented on FPGA with VHDL by regarding the time 
requirements given in Table 1. Thus the three-phase stator 
voltages, stator currents and load torque can be measured in 
real-time by FPGA. 

Table 1: Timing requirements for implementing the SPI 
communication on FPGA 

Timing requirements Time 

  

  

  

  

  

  

  

  

 /  

  

  

  

 
The digital 16-bit binary data obtained from the ADC are 

converted to decimal values in FPGA with VHDL by using 32-
bit single floating point number multiplier and divider. The 
quantization function given in (1) is used to obtain the decimal 
values of the measured quantities from the 16-bit binary values. 

 

        (1) 

 

The voltage levels of outputs of the voltage, current and 
torque transducers are . However, the voltage levels of 
analogue input channels of the ADC are setted to  to 
prevent damage caused by voltage fluctuations that can occur 
at the outputs of the transducers. 

IV. DISCRETIZED ROTOR FLUX-BASED IM MODEL AND REAL-
TIME VERIFICATION RESULTS 

In order to verify the IM model in real-time, the rotor flux 
based IM model is used in this study. The discretized IM model 
fixed with the -stator stationary reference frame is given as 
below: 

 

 

XCLK

CONVST_x

BUSY

FS

SCLK

SDO_x

SCVXt
XCLKt

CVLt

CONVt ACQt

DCVBt

BUFSt
FSCVt

HDOt
DMSBt

SCLKt

DTRIt

CH_x0
MSB

CH_x1
D3
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     (2) 

 (Measurement Equation)  

                 (3) 

 
The matrices given in (2) and (3) are described as follows: 
 

  

 

  

, ,  

 

,   

, , , 

, , , , 

, ,  

 
Here,  is extended state space vector.  is nonlinear 

function of states and inputs. ,is  system matrice.  is control 

input vector.  is input matrice.  is system noise.  is load 

torque effect matrice.  is function of outputs.  is 

measurement matrice.  is measurement noise.  is pole pair. 

 and  are stator and rotor resistance, respectively.  

is stator transient inductance. , leakage or coupling 

factor.  and  are stator and rotor inductance, respectively. 
 and  are stator and rotor leakage inductance, respectively. 
 is magnetizing inductance.  and  are total inertia and 

viscous friction, respectively.  is sampling time. 
The rated parameters of the IM used in the real-time 

verification of IM model are given in Table 2, the same motor 
parameters are also used in [16]. 

Table 2: IM parameters used for the verification of IM model. 

P [kW] f [Hz] JT[kg.m2]  [Nm/(rad/sn)] Pp 

2.2 50 0.055 0.0019 3 

V [V] I[A] Rs[ ] Rr [ ] Ls[H] 

380 5.5 3.03 2.53 0.1466 

Lr [H] Lm[H] nm[rpm] tL[N.m]  

0.1524 0.135 1000 20  

 

 (a) 

 (b) 
Figure 3: The real values of (a)  and  variations, (b)  and 

 variations measured from FPGA-based IM experimental setup. 

 
The real values of , , , and  measured from 

FPGA-based IM experimental setup are shown in Fig. 3. The 
results of the real-time verification of the IM model on the 
FPGA are given in Fig. 4. As shown in Fig. 4, IM is accelerated 
from zero speed to rated speed under  load torque 
and is operated at  in the range of  

. The load torque is decreased to zero at  and IM is 
operated at rated rotor speed ( ) for about 

 under no-load. The direction of rotation of IM is 
reversed at  and operated at rated speed (

) in reverse direction between at 
 time interval. The load torque is increased to 

 at  and the rotor mechanical speed is 
decreased to  by operating the IM via an ac 
driver in open-loop without speed feedback. Then direction of 
IM is reversed and accelerated to its rated speed. The IM is 
operated at  in forward direction in the range 
of  under  load torque. After 
that, the load torque is decreased to zero and IM is operated at 
rated speed  until the end of the test scenario. 

 

 (a) 

 (b) 

 (c) 
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 (d) 

 (e) 
Figure 4: The actual values of the IM states measured from the 

real-time experimental setup and the results obtained from FPGA-
based IM model; (a)  vs.  variations, (b)  vs.  variations, 

(c)  vs.  variations, (d)  variations,(e)  vs.  variations. 

 

It is shown that, under all speed and load torque variations, 
the speed and current information obtained from the IM model 
implemented on the FPGA overlaps with their actual values 
obtained from the real-time experimental setup. Thus, the 
accuracy of the FPGA-based IM emulator is experimentally 
verified. 

Table 3:, The computation times of the algorithms implemented on 
the FPGA for the real-time verification of the IM model 

Algorithm Time ( ) 

IM Model 0.69 

ADC (SPI) 3.28 

Total 3.97 

T (Sampling Time) 15 

 
The duration of data read from the ADC with SPI 

communication and the implementation time of IM model on 
FPGA are given in Table 3. The sampling time of the HIL 
system is defined as , despite the overall system can 
be implemented in , in order to prevent the data loss 
while the Ethernet communication is provided between the 
FPGA and PC. Also, the numbers and ratios of the logical units 
used on the FPGA are given in Table 4. 

Table 4: The numbers and ratios of the logical units used for the 
implementation of FPGA-based real-time emulator of the IM . 

Source 
Used 

Number 
Available on 

FPGA 
Ratio 

Slice Register  21771 69120 %31 

Slice LUTs 36956 69120 %53 

Occupied 
Slices 

11862 17280 %68 

DSP48Es  25 64 %39 

V. CONCLUSION 

In this study, the IM rotor flux-based model is verified by 
using the FPGA-based real-time IM experimental setup and 
also the detailed description of how the experimental setup is 

established is presented. Here, the ADC which is used for the 
data acquisition from the IM is communicated with the FPGA 
via SPI. Thus, it is demonstrated that the IM control methods 
and state/parameter observers/estimators can be realized in real-
time with low sampling time by using the parallel processing 
capability of the FPGAs. Moreover, this study confirms that 
FPGAs, which have gained importance in today's industry can 
be a good alternative with lower cost for industrial control 
applications. 
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Abstract - This paper presents the performance of sensorless  

nonlinear control compared with vector control of permanent 
magnets synchronous machine using Extended Kalman Filter 
(EKF) is used for estimating the speed. The robustness of the 
control is tested for the parameter variation and for the machine 
operating at low speed. The simulation results show the 
robustness of the filter and the overall drive system. 

 
Keywords  - permanent magnets synchronous machine, vector 

control, input/output control, estimation, EKF. 

 

I. INTRODUCTION 

ERMANENT magnets synchronous machines are 
spreading more and more as actuators in automated 
industries where they replace the DC motors. They have 

about them the advantage of having better performance (in 
terms of mass torque, for example) and not having mechanical 
commutator (collector that pose maintenance problems and 
behavior in difficult environments) [1], [2]. 

Vector control, results in electric drives with a dynamic 
very similar to using the DC machines. This structure, which is 
generally decoupled control of torque and flux. However, this 
control structure requires that the machine settings are 
accurate. This requires proper identification of parameters. 
Accordingly, the use of robust control algorithms, to maintain 
a level of decoupling and acceptable performance is necessary. 

Nonlinear control has the advantage of separately current 
and torque. With this control technology, engine model is 
broken down into two independent systems mono variable 
linear. Each subsystem is an independent control loop of a 
given variable (speed, torque, current etc.). The dynamics of 
the linearized system is chosen through optimal taxation of 
poles [3]. 

The sensorless control  strategy  for  permanent  magnet  
synchronous  machine (PMSM) has become a center of 
intensive research and development. Researchers want to avoid 
the problems encountered in regulatory systems, caused by the 
inherent imperfections of rotational motion sensors used. The 
incorporation of these systems may increase in complexity and  

 

size. It can also degrade the performance of the control. For 
these reasons, the elimination of these sensors is essential [4].  

II. MATHEMATICAL MODEL OF PMSM 

      The electrical equation of the PMSM in the rotor reference 
(d-q) frame is as follows: 

  

 

 

 

The general mechanics equation is given by: 

e r

                                                    
(2)

 
The electromagnetic torque is given by the following 

expression: 

e d q d q f q

3
C P (L L )i i

2                                      
(3) 

Where: 
 
Vd ,Vq : Direct and quadrature voltages. 
 Id, Iq : Direct and quadrature current. 
 Rs : stator resistances. 
 Ld, Lq : Direct and quadrature inductances. 
 Ce : electromagnetic torque. 
  : mechanical rotation velocity. 
 p : number pairs of poles. 
 J : rotor inertia. 
 f : viscous friction coefficient. 

f : flux established by rotor permanent magnets.  

III. DIRECT VECTOR CONTROL OF PMSM  

Direct vector control of PMSM is based on a conventional 
method of compensation, it is to regulate two currents id and iq 
neglecting the coupling terms, the latter being added to the 
output of the correction currents to obtain tensions of Vdref and 
Vqref  order. 

To ensure the decoupled structure, the f.e.m (ed, eq) of 
compensation are added to the output regulators, such as [5]: 
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(4)

 

With: 

                                           

(5) 

For currents Id and Iq, and speed the PI regulators are 

selected. 

IV. LINEARIZATION OF INPUT-OUTPUT OF THE PMSM 

Linearization condition for checking whether a nonlinear 
system admits an input output linearization is relative degree of 
the system [6].  
The degree relative with respect to the output 1y ( )x  is: 

                                

 

Or x is state vector, the functions f, g and h are analytic.          
 

The relative degree is r1 = 1 gives: 

                              

 Or:  
                                                   

         

 
 
 
The derivative of 

2h x  dregs on g is zero, the (7) can be 

written as: 

 

With: 
 

 

The relative degree relative to y2 and r2 = 2. 
The relative degree of the system is r = r1 + r2 = 3. 
The system is exactly linearizable r = n = 3, and n is the order 
of 1 system. 
Finally, the input-output relationship model is given by: 

                            

 

 

Or: 

 

    

d q

1

d q

1

f
1 2 2

 

 
If the determinant of the decoupling matrix is not zero, the 

control condition (NL) is defined by a relationship that 
connects the new internal inputs (V1, V2) to physical input (Vd, 
Vq). 

d 11

q 2

( ) (
V V

D A
V

)
V

x x

                                           

(9)

 

D: is the decoupling matrix. 
 
By replacing the term (3) in (9), we obtain a linearized and 
decoupled system: 

                                    

(10) 

 
V. NON-LINEAR CONTROL FOR THE PMSM 

 
Linearization condition for checking whether a nonlinear 

system admits an input output linearization is one degree of the 
system. [6] 
 

                                         
(11)

 

          
(12)

 
Closed loop tracking, error is: 

  

1 11

2

2 21 2 22 22

d
K 0

dt

d d
K K 0

dtdt

e

e e e                                  

(13)
 

With: 

1 dref d

2 ref d

I Ie

e
 

The coefficients k11, k21, k22 are chosen such that: 

11

2
21 22

P k 0

P k P k 0
 

 

 

The derivative of the second output does not involve input U; 
you must derive a second time this output: 

(6)
 

(7)
 

(8)
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VI. EXTENDED KALMAN  FILTER (EKF)  

The EKF linearised the state and measurement equations 
about the predicted state as an operating point [7]. 

 
This filter is based on a number of assumptions, including 

noise. Indeed, it assumes that the noise affecting the model are 
centered and white and that they are uncorrelated estimated 
states, in addition, the state must be uncorrelated noise 
measurement noise. 

A.  Algorithm 

Given the non-linear stochastic model follows: 
 

                                             

 

 
With: 
w(k)  : State noise vector. 

v(k)  : Measurement noise vector.  

This nonlinear system is brought back into a linear system 
and infers the set of equations of the EKF. The estimation 
procedure consists of two steps: 
 

 Step 1: Phase prediction  
 

                                             (15)
 

This step will build a first estimate of the state vector at time   
k + 1. It then seeks to determine its variance. 
 

  
TP(k +1/ k) = F(k) P(k) F(k)  + Q                                       

(16) 

With: 

 
 Step 2: Correction phase 

In fact, the prediction phase allows a difference between the 
measured output y k + 1 and the predicted output . To 

improve the state, we must take account of this difference and 
correct it through the filter gain Kk + 1. By minimizing the 
variance of the error, the following expressions are obtained: 

 
 Calcul of the Kalman gain: 

  

With:  

(k) = (k)

h (x(k))
H(k)=  

x(k) x x

 

 Calcul of the covariance matrix of the error of the 

filter: 

         
(17) 

 

 Estimation of the state vector at time k +1: 

    (18) 
 
Figure 1: shows the block diagram of EKF [7]. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1: Principle of a Kalman Filter. 
 

VII. SENSORLESS  CONTROL OF PMSM  BASED ON EKF 
 

The choice of reference for the implementation of the EKF is 
essential. The ideal case would be to use the repository Park to 
the rotor.  
In our case, we chose a model with reference to the rotor and 
the EKF is used to estimate the state vector xk consists of 
(currents Id and Iq, the shaft velocity , values of angular 

position and the electromagnetic torque ). This non-linear 

model assumes that the mechanical speed is a state and not a 
setting. The model of the PMSM can be in the form: 

                                    

(19)

                                  
 
With: 
 
 
 

 
And: 

   
T

h I Id q  

 

 

Model 

(k +1/ k +1) x  = f (x(k),u(k)) +  

 

 

Processus 
u(k +1) =  f (x(k),u(k)) + w(k) 
y(k) = h(x(k))+ v(k) 

P(k/k -1)   Previous state 
P(k/k)       Actual state  
P(k+1/k)   prediction 
P(k+1/k)   Correction 

K(k) 

y(k) u(k) 

(k) 

y (k) 

+
  
- 

(14)
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A. Determination of matrices F and H  
 

The linearization matrices F and H allow us to linearize the 
system every minute of operation. They are given as follows:  
 
 

1- T T 0 0s s

f- T 1-T (- ) 0 0s s

fT T ( ) (1-T ) 0 - s s s

0 0 T 1 0s

0 0 0 0 1

L LR q qs p T Is qL L Ld d d

L R Ld s dp T T Is s dL L L Lq q q qF
L L L L Tfd q d q sp I p Iq dJ J J J J

And:           

      
1 0 0 0 0

H(k)= 
0 1 0 0 0

 
 
          Figures 2-3 show the overall patterns of simulated 
vector control and the nonlinear control of PMSM, The 
resulting model is then estimated using the Extended Kalman 
Filter (EKF). 

 
 

 

 

 

 

 

 

 

 

 
Figure 2: Sensorless direct vector control of the PMSM. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Sensorless nonlinear control of the PMSM. 

 
 
 

 
B. Selection of covariance matrices Q and R  
 
     It is via these matrices that pass different states measured, 
estimated or predicted. Their goal is to minimize errors 
associated with an approximate modeling and the presence of 
noise on the measurements. This setting requires special 
attention and only online control to validate the operation of 
the filter. However, some guidelines for understanding the 
influence of the adjustment of these values in relation to the 
dynamics and stability of the filter. 

The Q matrix related to noise marring the state, sets the 
estimated  quality of our model and its discretization. A high Q 
value provides a high value of gain K minimizing the 
importance of modeling and dynamics of the filter. The 
measure then has a greater relative weight. Too high a value of 
Q may also cause instability of the observer. 
R rule matrix, in turn, measures the weight. A high value 
indicates an uncertainty of measurement. By cons, a low value 
can give significant weight to the measure. However, beware 
the risk of instability at low values of R. 

 

VIII. SIMULATION RESULTS 

In  order  to  understand  cooperation  of the  EKF  and  
the  PMSM  drive, a system is simulated for various tests for 
either vector control or the non-linear control speed.  

Figure 4 shows the step response of mechanical speed, 
direct currents and stator and the electromagnetic torque of 
PMSM with a sensorless control using EKF. First, a test with 
no load at nominal speed setpoint 100 rad/s, is effected, then a 
load torque  5 N.m is applied at time t = 0.5 s. It's noted that  

The non-linear control is more robust during load variation, 
for the vector control the speed reaches 98.496 rad /sec and 
99.79 rad/sec for the non-linear control, the speed non-linear 
control faster than the vector control reaches the nominal value 
at time 0.04s, against FOC by 0.1s. 

Regarding the electromagnetic torque follows much the 
load torque for both commands when load torque application , 
it's noted that the torque obtained by vector control reaches the 
value 7.87Nm, by the torque against the non-linear control has 
a max value of 5.1Nm, but the chattering is more important for 
vector control for both currents streams and quadratic. 

The stator currents are close to the sine wave for the non-
linear control. The harmonic distortion THD=2.04% for vector 
control and THD=0.67%, to control input-output linearization. 
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Figure 4: Simulation results of sensorless vector control and nonlinear control using EKF for PMSM. 
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Figure 5 shows the robustness of the control for the stator 
resistance variation at time t= 0.7sec when the machine operate 
at low speed. For the vector control the speed and torque are 
affected by the variation in contrary for the input output 
control the variation not affect the speed and electromagnetic 
torque. 

IX. CONCLUSION 

In this paper, a comparative study of the sensorless vector 
control and nonlinear control for the permanent magnets 
synchronous machine PMSM is considered. The shaft velocity, 
currents Id and Iq, values of angular position and the 
electromagnetic torque is then estimated using the EKF. 

The results obtained show the effectiveness of the EKF for 
the stator resistance variation test as well as insensitivity to 
variations of the load. 

The nonlinear control has the advantages namely 
robustness, high accuracy, stability and simplicity, very low 
response time, compared to the sensorless vector control using 
the EKF.  

APPENDIX 

Ld = 5.8mH,  Lq =  5.8 mH,  f  = 0.1546 Wb,  Rs = 1.4 , p=3, 
J = 0.00176 kg.m2,  f = 0.000388 N.m.s/rad. 
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Figure 5: Simulation results of sensorless vector control and nonlinear control using EKF for PMSM at low speed and 
with stator resistance variation.   
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 Abstract - The digital pedometer is a wearable body device that 
calculates the number of steps by using the mean of the 
accelerometer motion detection, which is used to record the 
distance reached by the person and the calories burned by 
walking, running or jogging. This paper presents an algorithm 
that estimates a foot motion by detecting an arm motion. The 
movement of the arm has been detected by the accelerometer, its 
reading position and the dynamic change. This study illustrates 
the realization of a three-axis MEMS digital accelerometer 
ADXL345 in terms of a cost-benefit and an effective 8-bit low-
power microchip microcontroller pic18F4550 analog device. 
Then, the algorithm calculates the steps taken by the operator 
and follows it by showing the total distance traveled by a person. 
The car HC-05 Bluetooth module allows a user activity tracking 
with a smartphone or a tablet communication pedometer. 

 
Keywords  pedometer, accelerometer, adxl345, pic18f4550, 

MEMS sensor, I2C.  
 

I. INTRODUCTION 

Lacking of physical activity has become an increasingly 
specifically among 

children. For this deficiency stem , a variety of health issues 
and questions of  how to prevent or eliminate these concerns. 
These issues range from obesity to osteoporosis. Activity 
monitors would be an integral part of any effort to learn more 
about these health issues. About Empirical information of 
physical activity would be better to be obtained through the 
use of an unobtrusive, but precise activity monitor. These 
devices should also be sufficiently versatile and adaptable so 
that they can be easily modified or expanded to address a 
variety of physical activity by extracting the physical desired 
measurements [1].  
 
The digital pedometer is a type of an activity monitor device 
which is a portable device that counts each step a person 
taking by detecting the motion of the person's body through an 
accelerometer. The basic design of the pedometer is shown in 
Figure 1. It consists of a sensor feeding into an amplifier 
circuit that outputs a signal to the analog-to-digital converter in 
the microcontroller. Once the data is converted by the 
microcontroller, it can be processed and stored locally in the 
memory of the microcontroller or output to a remote location 
using a wireless transmission [2]. 

 

 
Figure 1: The basic design of the pedometer [2] 

 
This paper will be studied in terms of  how a modern 
technology can help professionals to enhance common and 
regular people upon how to maintain an acceptable level of 
physical activity. In the medical field, experts have accepted 
and acknowledged the importance of how the maintenance of 
health and weight loss can improve their health. The design of 
this device is popularly known as a pedometer that  may help 
to encourage opportunistic activities. 

II. PREVIOUS WORK 

In the earlier production of a pedometer, the measurement 
staff was as steps  of  a separate wearing device, distance and 
speed. The monitor is only the device's internal LCD screen, 
so when the body walking or running, people can not know the 
steps, distance, or even the  speed, Since the display, storage, 
and accelerator MEMS sensors are  on the same board.  Tsai et 
al a physical 
activity that impacts on the emerging issue of childhood 
obesity. The dynamometer consists of a piezoelectric sensor 
that is embedded into a shoe insole and is connected to a 
microcontroller for data acquisition and analysis. The analysis 
of the signal results in information about the magnitude, 
frequency, and 
and jumping. An amplifier circuit amplifies the signal 
produced by the sensor.  

 
Zhao (2010) [3], studies the characteristics of each step and  

a person takes or  describes a reference designed by using the 
3-axis ADXL345 accelerometer in a full-featured pedometer 
that can recognize and count steps, as well as measure 
distance, speed, and to an extent calories burned. The 

-chip, 32-level 
first-in, first-out (FIFO) buffer can store data and operate on it 
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for pedometer applications to minimize a host processor 
intervention thus , saving system power is a big concern for 
portable devices. Its 13-bit resolution (4 mg/LSB) allows 
pedometers even to measure low-speed walking (where each 
step represents about 55 mg of acceleration change) with 
reasonable accuracy. 

III. SYSTEM OVERVIEW 

This simplified a digital pedometer demonstrating it by an 8-
bit hardware core microcontroller with a PIC18F4550, 32 KB 
flash and 2048 KB data RAM and a 256 byte EEPROM, a 16-
bit timer, and an 8-bit timer. A digital communication 
peripheral I2C from the adxl345 accelerometer and UART 
peripheral sampling data, the number of steps, speed and 
calorie data relay to the HC05 Bluetooth radio module. MCU 
core clock is 8MHZ internal frequency with no host clear 
configuration. The; 16x2 LCD independent pedometer step 
number displays  the user interface application which will host 
and display the collected data on an Android phone with BT 
functionality [3]. Figure 2 illustrated the Digital pedometer 
block diagram. 
 
 

 
 
 
 
 
 
 
 

 
 
 

Figure 2: Digital pedometer block diagram. 

The main Features of Wearable pedometer can be described 
in the following: 

1. The LCD display is deployed to display the stand-
alone pedometer. 

2. User step count wears are easy to measure. 
3. HC05 realizes the Bluetooth module and  realizes the 

smartphone/tablet computer wear connection.  
4. 2 megabits of EEROM storage. 
5. A single layer printed circuit board PCB. 
6. ICSP online serial programming.  
7. Low power and accurate MEMS adxl345 acceleration 

sensor. 
8. low-cost system. 
9. Low power operation with low power PIC18F4550 

MCUs. 
10. Sleep Mode is activated when no motion is being 

detected, wakes up upon motion detection. 
11. Low Power mode is activated for the ADXl345 

accelerometer when no motion is being detected, 
wakes up upon motion detection.  

12. Powered by a 3V lithium battery. 
13. Lightweight as wearable. 

IV. DESIGN & IMPLEMENTATION 
 

The proposed pedometer needs to be designed in  three main 
parts (Hardware, Interrupt on change button and software) that 
is  illustrated in the following : 

A. Hardware Design 

8-Bit Low-Cost, Low-Power (Nano-W) Microchip 
Microcontrollers (PIC18F4550) act as a fundamental , 
principal platform for controlling the performance , structural, 
the functionality of the pedometer and operating it. (3-Axis) 
MEMS Accelerometer The ADXL345 is an ultra-low power, 
3-axis accelerometer with up to ± 16 g) high-resolution (13-
bit) measurements. The output data is digitally formatted as 
16-bit twos complement, accessible via SPI (3 or 4 lines) or 
(I2C) digital interface, and the ADXL345 is ideal for wearable 
applications. The HC-(05) Bluetooth module is used as a radio 
wireless communication unit with a TTL serial protocol 
interface to send  a step data from the pic18f4550 platform to a 
smartphone device. Figure (1) shows the overall hardware 
configuration. 

B. The Interrupt on change button (IOC) (ON/OFF) 

The quick function control is provided by the button of the 
pedometer via the Change Interrupt (IOC) interface. To turn 
the pedometer on / off, press and release quickly within a  
second. To reset the number of steps, press and hold the button 
for more than 3 seconds and releases it. 

C. Software Design 

The ( CCS C )  Compiler IDE is a C compiler for the 
development of embedded software for Microchip 
microcontrollers that supports standard (C ++ ) constructs of 
input/output streams to minimize development time. The 
pedometer software includes the ADXL345 driver (adxl345.h), 
the 2x16 LCD driver (LCD.h), and the main program (main.c), 
as illustrated in Figure 3. 

 

 
Figure 3: Software Design. 
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V. THEORY OF OPERATION 

Our pedometer uses the Analog Devices (16-bit) triaxial 
digital accelerometer (ADXL345) to detect the user's motion. 
Every 20 ms, the sampling is generated by the accelerometer. 
(PIC18F4550) The pedometer firmware running in MC 
maintenance contains algorithms for step detection. When the 
start/stop button is pressed, the MCU wakes up from the low 
power mode and enables the accelerometer. The data in the 
pedometer algorithm is read by the MCU together with the 
read accelerometer. When the counting step is in progress, the 
updated step counter is sent to the radio module with the 
UART interface, the LCD is displayed, and the MEM button is 
saved in the EEPROM. Once the motion is detected, the 
pedometer algorithm is started, and the step counter is 
calculated after ten steps which  have been detected. The 
algorithm tracks the motion and keeps the counting step until 
the motion stops and counts when the next ten steps are 
detected.The main firmware of the pedometer in the 
PIC18F4550 MCU has a step detection algorithm, which is 
often referred to as MCU motion detection. First, the MCU 
initializes the ADXL345 acceleration sensor. If the output data 
format is (16- bits), the output data rate is 50HZ, 25 
milliseconds per a second (20 milliseconds) and the filter 
window size, when the ADXL345 data is read from the Y-axis, 
Push it to the (16-bit) register, the average of each reading  
when it is; (4) and then detecting  the maximum and minimum 
values of the acceleration, the algorithm will now use this 
value as the next threshold reference, the two values 
(maximum and  The minimum) are compared with the 
threshold then the algorithm determines when the step is 
detected. Step time from the average acceleration change very 
low method to zero which is the initial step time to the 
maximum or minimum acceleration change the value of the 
cycle which is the last step between the time interval to give us 
the step time, then in the (0.2-2 second). Figure 4 shows the 
pedometer algorithm procedure. 
 

 
 

Figure 4: pedometer algorithm procedure. 
 

The steps of the algorithm are pass throw following steps: 
 

1) Pedometer FIRMW Digital Filter: First, a digital filter 
is needed to smooth the signals Four registers and a 
summing unit can be used, Of course, more registers 
could be used to make the acceleration data smoother, 
but the response time would be slower. Figure 5 
shows the Digital Filter scheme. 

 
Figure 4: Digital filter. 

 
2) Dynamic Threshold and Dynamic Precision: The 

system continuously updates the maximum and 
minimum values of the 3-axis acceleration each 50 
samples. The average value, (Max + Min)/2, is called 
the dynamic threshold level. For the following 50 
samples, this threshold level is used to determine 
which steps have been taken. As it is updated every 
50 samples, the threshold is dynamic. This choice is 
adaptive and faster enough. In addition to a dynamic 
threshold, dynamic precision is also used for further 
filtering. 

 
Figure 3: Dynamic threshold and dynamic precision. 

 
A linear-shift-register and the dynamic threshold are 
used to determine  whether an effective step has been 
taken. The linear-shift-register contains two registers, 
a sample_new register, and a sample_old register. 
The data in these are 
called sample_new and sample_old, respectively. 
When a new data sample comes, sample_new is 
shifted to the sample_old register unconditionally. 
However, whether the sample_result will be shifted 
into the sample_new register depends on a condition: 
If the changes in acceleration are greater than a 
predefined precision, the newest sample 
result, sample_result, is shifted to the sample_new 
register; otherwise, the sample_new register will 
remain unchanged. The shift register group can 
remove the high-frequency noise and make the 
decision more precise.A step is defined as happening 
if there is a negative slope of the acceleration plot 
(sample_new < sample_old) when the acceleration 
curve crosses below the dynamic threshold. 
 

3) Peak Detection: The step counter calculates the steps 
from the x-axis, y-axis, or z-axis, depending on which 
axis's acceleration change is the largest one. If the 
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changes in acceleration are too small, the step counter 
will discard them. 
The step counter can work well by using this 
algorithm, but sometimes it seems too sensitive. 
When the pedometer vibrates very rapidly or slowly 
from a another cause than walking or running, the 
step counter will also take it as a step. Such invalid 
vibrations must be discarded in order to find the true 
rhythmic steps. Time window and count 
regulation are used to solve this problem. 
 

4) Time window: is used to discard the invalid vibrations. 
We assume that people can run as rapid as five steps 
per second and walk as slow as one step each two 
seconds. Thus, the interval between two valid steps is 
defined as being in the time window [0.2 s to 2.0 s]; 
all steps with intervals outside the time window 
should be discarded. 
This algorithm uses a 50-Hz data rate (20 ms). A 
register named interval records of  how many times 
the data have been updated during the two steps. If 
the value of interval is between 10 and 100, it means 
that the time between two steps is in the valid 
window; otherwise, the interval is outside the time 
window and the step is invalid. 

5) Count regulation determines whether steps are part of 
a rhythmic pattern. The step counter has two working 
states: searching regulation and founding out 
regulation. When the step counter starts working, it 
starts working  in searching regulation mode. Suppose 
that in regulation exists after four continuous valid 
steps ,then the result is refreshed and displayed,the 
step counter will work in founding  out the regulation 
mode. Working in this mode, the step count will be 
refreshed after each valid step. But if even one invalid 
step is found, the step counter will return for 
searching the regulation mode and searching for four 
continuous valid steps. 
 

VI. FUNCTIONS AND SUBROUTINE 
 

 lcd_init () This function and subroutine initialize the 2x16 
LCD display, which should be called first. 

 Enable_sample () This function returns the Y-axis 
acceleration sensor data samples. 

 Enable_step_detect () This function is the detection step 
and the number of updates.  

 Pedo_bluetooth () This function pushes the number of 
steps, speed, distance to the Bluetooth module port. 

 ADXl345_init () This function and subroutine initialize 
the ADXL345 acceleration sensor, which should be 
called before the step calculation. 

 ISR_RB () This function and subroutine execute the 
statement when the interrupt is changed. 

VII. RESULT  

As illustrated in Figure 4, the pedometer board with 13-bit 
MEMS acceleration sensors ADXL345 and HC-05. Bluetooth 
modules and (2x16) liquid crystal displays, it also shows us the 
final results of the speed, distance, steps, and calories. As 
shown and the similarity of the values found in the application 
and LCD.  

 

 

Figure 4: The final result displayed on the LCD and application. 

Figure 5: The final result displayed on the LCD 

   
Figure 6: The final result displayed on the LCD and application. 

 The system has been tested in terms of distance parameter, 
Speed Parameter, and Calories Parameter, and the 
experimental results that got are in the following: 
                    

A. Distance Parameter 
After computing the steps parameter according to the 
algorithm above, we can use Equation 1 to get the 
distance parameter. 
 

Distance = number of steps × distance per step            (1) 
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Distance per step depends on the speed and the height of 
the user. The step length will be longer if the user is taller 
or running at higher speed. The reference design updates 
the distance, speed, and calories parameter every two 
seconds. So, we use the steps counted in every two 
seconds to judge the current stride length. 

 
B. Speed Parameter 
Speed = distance/time, so Equation 2 can be used to get 
the speed of parameter, as steps per 2 s and stride have 
been calculated according to the algorithm above. 
Speed = steps per 2 s × stride/2 s                                  (2) 

 
C. Calories Parameter 
There are no accurate means for calculating the rate of 
expending calories. Some factors that determine it, 
including body weight, the intensity of the workout, 
conditioning level, and metabolism. We can estimate it 
by using a conventional approximation, however. Table 1 
shows a typical relationship between calorie expenditure 
and running speed. 
 

Table 1: Calories Expended vs. Running 
Speed

 
 

Calories (C/kg/h) = 1.25 × running speed (km/h)         (3) 
The unit of the speed parameter used above is m/s; 
converting km/h to m/s gives Equation 4. 
 
Calories (C/kg/h) = 1.25 × speed (m/s) × 3600/1000 = 
4.5 × speed (m/s)                                                           (4) 
 
The calories parameter would be updated every 2 s with 
the distance and speed parameters. So, to account for a 
given athlete's weight, we can convert Equation 4 to 
Equation 5 as indicated. Weight (kg) is a user input, and 
one hour is equal to 1800 2-second intervals. 
 
 Calories (C/2 s) 4.5 × speed × weight/1800 
= speed × weight/400                                                    (5) 
 
If the user takes a break in place after walking or running, 
there would be no change in steps and distance and  the 
speed should be zero, then the calories expended can use 
Equation 6 since the caloric expenditure is around 1 
C/kg/hour while resting. 
 
     Calories (C/2 s) = 1 × weight/1800                          (6) 

 
Finally, we can add calories for all 2-second intervals 
together to get the total calories expended. 

 

VIII. CONCLUSION 

In this paper, the 8-bit midrange (18F) series 
microcontrollers (PIC18F4550) were used to implement a 
precision, low-cost, low-cost pedometer with 8MHZ internal 
oscillator speed and low power, high-precision MEMS 
acceleration sensor. The (ADXL345) uses the HC-05 
Bluetooth radio monitor the steps, speed, and distance of the 
smartphone. The main application of the system in the field of 
fitness. 
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Abstract - nowadays, Li-ion batteries are considered the best 
type of rechargeable batteries due to their high energy density, 
but it needs a specific mode of charging to avoid their 
exploitation. In this article, we will design an intelligent battery 
charger that charges the Li-ion batteries by a constant current-
constant voltage mode based on pic16f876 microcontroller. The 
mode of charge will be shown to the user by using two LEDs, one 
refers to the CC mode and another one  for CV mode. The 
voltage and current detection are implemented in our design in 
order to make the necessary judgment on charging state of the 
batteries and also to present it to the user in the LCD. Pulse 
Width Modulation signal was adjusted to obtain high-precision 
charging control. The user could adjust the cutoff voltage 
according to the number of series batteries that would be charged 
by the user. The value of cut off voltage  would be also presented 
to the user. The value of  input DC voltage which supplies the 
circuit  will be also presented. 

 
 

Keywords Li-ion Batteries, PIC16F876, Intelligent Charger,        
PWM Controlling.   

 

I. INTRODUCTION 

Owadays the peripheral electronic devices need batteries 
with a large capacity to work for a long time. In addition 
to capacity, the size of batteries is another important 

factor. The Li-ion batteries satisfy these two conditions with 
more extra advantages such as no memory effect, high 
operating voltage, and  low self-discharge. If it were not used 
for a long time. It would not lose its charge quickly. Also, Li-
ion cells are suitable for applications which need a large 
number of charge-discharge cycles because it has a long cycle 
life (3,000 cycles at 80% depth of discharge). But on the other 
side, Lithium-ion batteries, due to their high density, are 
vulnerable according to short-circuiting and overcharging. It 
may explode and occur fire hazard if it could not charge safely 
unlike Lead acid, Ni-Cd and Ni-MH batteries which work 
safely even at short-circuiting and overcharging situations 
because they use inflammable electrolyte and they have a low 
energy capacity. For this reason, we designed an  
 

 
 

 
 
 
intelligent lithium-ion battery charging  system to control the 
charging current and the voltage. The charger that we will 
design has several advantages, it is safer towards batteries 
damages and  low-cost. The circuit is simple and  all the 
components are available, it presents the voltage and current 
values on the LCD. In addition, it presents charging mode for 
the user and the best feature in our design that can charge a 
variable number of batteries in series from 3.7 V or from 4.2 
types. But on the other hand, the feature of charging a variable 
number of batteries in series  requires a balancing circuit to 
make equilibrium between the batteries. This is impossible in 
our design it is because in balancing circuit, we need to know 
the accurate number of batteries which connected in series and 
this is not available in our design. Briefly, in this  article, 
section II will discuss the Li-Ion charging mode and its 
requirements, section III will explain the hardware design,  
section IV will explain the details of a program design,  
followed by experimental results in section V. Finally, 
conclusions are reported in section VI. 
 

II. BACKGROUND 

Generally, there are several methods to charge various types 
of batteries, but for Li-ion batteries, not all the methods are 
suitable for the charging process. The constant current-
constant voltage technique is the best method for Li-ion 
batteries. In this technique, the charging process is 
accomplished by two steps. The first one, we apply a 
regulating current (constant current) for the batteries, the 
battery current will be kept constant while the battery voltage 
increases during charging until it reaches the maximum 
allowable value (predetermined value Vconst). The second one, 
the charger starts the voltage regulation phase, the applied 
charging voltage remains constant while the battery current 
decreasing and ultimately becoming very low until it reaches 
the end-of-charge current Iend as shown in fig(1). To perform 
this technique, we need a current feedback loop and a voltage 
feedback loop to adjust the duty cycle of the PWM wave to 
get the smooth and proper transition between the current and 
voltage mode. 
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Fig 1: charging Mechanism of Li-ion batteries 

III. HARDWARE DESIGN  

 
A. Overall Design 

 
The microcontroller (MCU) used in the charger is 
the PIC16F876 from microchip. It is an 8-bit microcontroller, 
it has 5 channels with 10-bit resolution Dedicated for the 
analog to digital converter(A\D converter) and it has 2 
capture/compare/PWM functions. We fed the overall circuit 
by a 12V AC\DC converter and we fed  the microcontroller 
and the LCD by a linear dropout LDO circuit. We used p2 as 
an input for the battery current feedback sensor,  p4 for the 
battery voltage feedback sensor and p3 as an i/p for the 
AC/DC converter voltage measurement sensor. 
This MCU provides 16-bit timer used to get a high precision 
PWM wave. The output accuracy can achieve 1/65535 when 
outputs PWM. Two LEDs are connected 
to p5 and p6 respectively, the first one will show the constant 
current mode and the second one will indicate the 
constant voltage mode. To enable the user charging a variable 
number of batteries in series, we connected a variable resistor 
to p7. By changing the value of the resistor, we will shift the 
full charge voltage limit taking into consideration the value of 
the AC\DC converter. In our design, we used 12-volt AC\DC 
converter so that the maximum number of charged batteries 
will be 3. The 16x2 LCD is connected to port B, the first value 
will be presented the i/p voltage which comes from the 
AC\DC converter. This value gives an indication to the user 
about the maximum acceptable number of charged batteries in 
series The second value is the cutoff voltage which 
determined by the user according to the number of batteries, 
the third value is the instantaneous charge voltage while the 
fourth value is the charging current. Fig (2) shows the block 
diagram of the hardware connection. 

 
 
 
 
 
 
 

 
Fig 2: the block diagram of the hardware connection. 

 
 

 
 

Fig 3: Initial Hardware Connection 
 
B. Voltage, Current Sensing  Circuit Design  

 
A voltage divider is a simple circuit which turns a large 
voltage into a smaller one. Using just two series resistors and 
an input voltage, we can create an output voltage that is a 
fraction of the input.  C1 is a filter capacitor used to remove 

 High precision resistance 
has been employed in the charging loop to sample current 
values. Current values can be measured  in MCU by sampling 
voltage values. An amplifier was added to the current sensing 
circuit to amplify the measuring voltage because the charging 
current value and the precision resistor's voltage  both of them 
are low. Figure (4) shows the voltage and current Sensing  
Circuit Design. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: voltage and current Sensing  Circuit 
 
C. DC-DC Buck Converter and PWM Circuits 

 
Since the input voltage of the AC\DC converter is 12V and the 
charge input voltage of the lithium battery is lower than the 
input voltage which is supplied by the source, it is necessary 
to set the step-down circuit. DC-DC Buck converter is used to 
convert a higher  DC voltage to the required voltage value. We 
used the IRFZ44N power MOSFET for switching operation. It 
is low on-resistance, a fast switching device and passes up to 
35 freewheeling 
diode and LC network, acts as a low-pass filter. When the 
PWM wave  at the high level, the switch is ON. BUCK circuit 
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charges the battery through the inductor and capacitor. When 
the capacitor is charging, the 
energy are gradually increasing. At this time, the diode is in 
reverse blocking state. The transistor switches are off when 
the PWM wave  at the 
current start by decreasing. The induced electromotive force, 
which is produced by the inductor, it makes a current flow 
through the diode. Current passes energy to the battery 
through the  voltage is 

starts by releasing 
the energy to the battery. The values of the capacitor and 
inductor are chosen to make the cutoff frequency lower than 
the PWM frequency in  all the time. This can help the 
capacitor to effectively reduce the output voltage ripple and 
maintaining a DC voltage level. The capacitor value is 220 F 
and the inductor is 75 mH, the cutoff frequency is 1.2 kHz. 
DC-DC BUCK circuit is shown in Fig (5). 
 
 
 
 
 
 
 
 
 
 
 

Fig 5: DC-DC Buck Converter 
 

IV. SOFTWARE 

C language was used to write the code of the charger using 
MicroC compiler. The following flow charts show the 
sequence of processes. The first flowchart shows the necessary 
initializations that will be done at the start of the program, the 
second flowchart explains the code of the constant current 
mode and the third flowchart shows the constant voltage 
mode. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 6: Program startup 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Fig 7: constant current mode flowchart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 8: constant voltage mode flowchart 

 

V. RESULTS  

In order to test the charger performance, we used three groups 
of Li-ion batteries connected in series.  Fig (9) shows an 
experimental board operation, the voltmeter used to measure 
the charging voltage and also to show the accuracy of 
measurement. Fig(9) shows the result of charging 3 Li-ion 
batteries. The first voltage reading is the input  DC voltage 
from the AC\DC converter, it was 13.88V. The second voltage 
reading (Vb) is the cutoff voltage which is determined by the 
user using the variable resistor, we adjust it on 11.1V because 
we have three batteries with 3.7V for each one.  The third 
voltage reading is the instantaneous charging voltage and the 
fourth reading is the charging current. When the red LED is 
ON, it indicates that the charging in CC mode. Fig (10) shows 
that the instantaneous voltage of the batteries became 11.1V. 
When the green LED is ON, it indicates the constant voltage 
mode and  the drawn current is 0.84 A. In Fig(11) we noticed 
that the drawn current becomes 0.44A, that means the charger 
still in constant voltage mode and the current will decrease 
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until it reaches to the end-of-charge current Iend. Fig(12) Shows 
the charge of 1 Li-ion battery. We set the voltage at 3.7V and 
noticed that the reading of the voltmeter is the same of our 
design and the red LED of CC mode is ON. 
 
 

 
Fig 9: The Experimental Results 

 
 

 
 

Fig 10:The Experimental Results 
 
 

 
 

Fig 11: The Experimental Results 

 
 

Fig 12: The Experimental Results 
 
Finally, we recharged three groups of Li-ion batteries 
connected in series and we connect an oscilloscope to show 
the charging curve. Fig (13) &(14) shows the voltage charging 
curve. The battery voltage before the charging process was 6.5 
V, so the charging curve will start from this point Then the 
voltages are gradually increased until it reaches  the setpoint 
voltage which is 11.2 V in this case,  then it will settle at this 
level while the battery current is decreasing. Fig (15) shows 
the charging voltage when the charger in constant voltage 
mode.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig 13:Voltage charging curve 
Voltage scale=5V & time scale=50 Sec 

 
 
 
 
 
 
 
 
 
 

Fig 13:Voltage charging curve 
Voltage scale=5V & time scale=50 sec 

 
 
 

 
Fig 14:Voltage charging curve 

Voltage scale=5V & time scale=50 Sec 
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Fig 15: the charging voltage when the charger in CV mode. 
 

VI. CONCLUSION 

In this paper, an accurate small size, low-cost intelligent 
battery charger had been designed based on a PIC16f876 
microcontroller to implement a safe and a quick charge 
operation for a variable number of serially connected Li-ion 
batteries. The charged  topology is a constant current-constant 
voltage and the used technique is DC-DC buck converter. The 
values of voltage and current measured are presented to the 
user on the LCD . 
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Abstract - Among the most important topics of our day are the 
use of energy and energy.  In terms of the countries that generally 
import energy, energy saving and more efficient use, especially in 
the use of energy, is very important. Among the areas where 
energy use is most prevalent is the transportation sector. With the 
recent studies, it is aimed to reduce the dependence of the 
transportation sector on oil and its derivatives. In these studies, 
concentrated on hybrid motor technologies. In this study, that can 
be fully assembled in the stator and rotor electric double 
MCSRM (Mutually coupled switched reluctance machine) and 
wheels have been developed. As is known, the moment 
fluctuations present in MCSRMs cause high noise and associated 
mechanical failure. There are two motors in the design of the 
hybrid motor designed with the operation carried out. In the 
positions where the main motor's moment fluctuations are 
starting to increase, the auxiliary motor is activated to reduce the 
torque ripple. As auxiliary motors placed in the center of the 
wheels was assessed to be counted place of the dead.   Magneto 
static analysis was performed to calculate the Torque ripple of 
MCSRM used as main motor and MCSRM used as auxiliary 
motor. The torque ripple of the main motor is calculated as% 59,6 
when the auxiliary motor is not in operation. When the auxiliary 
motor is in operation, the temp. Torque ripple is calculated as% 
44,5.  

 
Keywords - SRM, MCSRM, Hybrid Motor.   

 

I. INTRODUCTION 

In order to increase the performance of the Switched 
Reluctance Machine, various changes have been made to the 
geometrical structure, if necessary. Particularly, geometry 
changes have been tried to find the most suitable design 
geometry and more torque has been tried to be produced by 
using the electric circuit of the SRM. In order to change the 
inductance profile of the SRM, working on changing the pole 
shapes has resulted in the modification of the generated torque 
profile [1].  

During these studies different winding configurations have 
been tried to increase the torque produced by the SRM. 
Mecrow first proposed the MCSRM winding structure. 
MCSRMs have all the advantages of classical SRMs and 
additionally have the ability to generate 20-30% more torque. 
As shown in Equation 1, torque production in MCSRM 
produces based on opposite inductance, which is caused by the 
mutual effects of active phases. In the conventional SRM, the 
torque is produced only on the basis of the active phase 
inductance (Equation 2) and is less utilized than the machine's 
electrical circuit. For a 3-phase classical SRM, each phase 

contributes 1/3 of the generated torque, while this ratio is 2/3 
for MCSRM. In other words, the electrical circuit is twice as 
effective as the conventional SRM. 
 

                   (1) 

 

                       (2) 

 
The torque produced by the machine is directly proportional 

to the flux, and Figure 1 shows the comparison of the two 
machine-generated fluxes. As seen in Figure 1, four times the 
flow produced by the active phase (one phase) in classical 
SRM is produced by MCSRM. 

 

 
Figure 1: flux production at a- SRM, b- flux production at 

MCSRM. 
 

The wisdom produced for aligned and unaligned positions 
of both machines is shown by the symbols alg  and unalg 

respectively. While the two machines are operating in equal 
currents, the increase in flux is four times higher, but in order 
to be able to compare equally, MCSRM produces twice as 
much flux as SRM, with equal copper losses. However, due to 
the produced excess flux and magnetic saturation, the increase 
in torque production is in the range of 20% -30% [2]. 

Figure 2 shows the structure of MCSRM and its three-
dimensional shape. As can be seen, phase windings in 
MCSRM do not directly wrap around the pole legs. The phase 
windings are deposited in a way that will take a full step into 
the polar spaces [3]. 

New Hybrid Motor Design Based on MCSRM  
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Figure 2: The structure of MCSRM and its three-

dimensional appearance. 
 
There are three different excitation types in KKARM, and 

the torque and mean torque produced by the excitation modes 
vary. The unidirectional excitation structure, the counter 
inductance and the current profile are shown in Figure 3. 

 
Figure 3: Mutual inductance and current characteristics 

of unidirectional excited MCSRM. 
 
The machine with the opposite inductance profile is 6/4 pole 

three-phase. The opposite inductance profile shown in Figure 
3 is idealized and therefore the curve exhibits a linear 
structure. The contrary inductance profile is divided into three 

 

In the unidirectional excitation phase, the phases remain at 2/3 
of the transmission and at 6/4 three-phase MCSRM at 6  

 

II. STATIC ANALYSIS OF MCSRM 

Equation (3) gives the general torque expression in a 3- 
phase classical SRM.  

 

                                      (3) 

 
Where T is the total torque; ia, ib, ic, are the phase currents; 

La, Lb, Lc are the phase inductances; and Mab, Mbc, Mac, are 
the mutual inductances between the phases. The last three 
terms are neglected since they are usually considered 
negligible in classical SRMs. Eventually, torque in classical 
SRMs is produced by the self inductance of their active phase 
according to (4):  

 

                                            (4) 

 
tive,  simplifies as  for 

classical SRMs: 
 

                                                                             (5) 

 
The torque in MCSRM is produced based on mutual 

inductance, which is obtained by the effect of active phases on 
each other, as can be seen in (5): 

 

                         (6) 

 

passive), (6) turns 
into (7): 

 

                                                                   (7) 

 
When Eqs. 5 and 7 are examined, it can be seen in Figure 4 
that the torque production in the conventional SRM changes 
depending on the position of the inductance in the constant 
current and in MCSRM the opposite inductance in the constant 
current changes depending on the rotor position. 
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Figure 4: a-Mutual inductance and b-self inductance change 

curves. 

III. HYBRID MOTOR STRUCTURE 

As mentioned above, a hybrid motor system has been 
developed to reduce torque fluctuation, which is the most 
important problem of both SRM and MCSRM. For the 
analysis of the developed hybrid motor, analysis was carried 
out by using Finite Element Method. With this analysis, a 
single magneto static analysis of the internal and external 
motor pairs used in the proposed motor structure was carried 
out. Figure 5-8 shows the state of the flux lines after the 
analysis of the motor's mesh structure, the internal and external 
motors, and the moment values produced by both motors. 

 
Figure 5: Hybrid motor Mesh structure. 

 
Figure 6:  Internal motor flux distribution. 

 
Figure 7: Internal motor flux distribution. 

 
Figure 8: Internal and external motor flux distribution. 

 
Torque Ripple calculation Md = (Mmax-Mmin) / (Mmax + 

Mmin) expression is used. According to this calculation 
method, it is seen that the maximum torque ripple in the 
structure where only the external motor is in operation has 
reached to the maximum value of 59.6%. The internal motor 
used in Figure 6 is only in circuit, so the motor produces an 
average torque of 0,4 Nm. The external motor shown in Fig. 7 
only produces a torque of 1.5 Nm on average. As a result of 
simultaneous operation of both motors, the total minimum 
torque increases by 0.9 Nm and the net torque ripple decreases 
to 44.5%. 

 

 
Figure 7: Torque generated by internal and external motor. 
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Figure 7: Total torque 

  

IV. CONCLUSION 

Although the maximum torque fluctuation in the MCSRM 
motor structure reached 59.6%, the proposed MCSRM 
structure reduced the torque ripple to 44.5%. The engine 
produces an average torque of 0,4 Nm when the internal motor 
is only in operation. The average torque of 1.5Nm is produced 
when the external motor is only in circuit. As a result of 
simultaneous operation of both motors, the total minimum 
torque is increased by 0.9 Nm and the result is found to be a 
25% improvement in torque ripple.  
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Abstract - The aim of this work is to design an ultrasonic 
non-destructive testing (NDT) system that utilizes the 
advanced features of smartphones and tablets. These superior 
features of smart devices can be listed as wide and sensitive 
touch screen, mobile internet connection, satisfactory CPU 
performance, application development environment and more. 
Integrating these features into a conventional NDT system 
increases the capabilities of the system while decreasing 
hardware costs. Therefore, an ultrasonic development card 
was designed in order to obtain these advantages. This 
development card is capable to measure thickness and detect 
internal flaws. Designed NDT system was also supported with 
encoder reading and ultrasonic data acquisition functions 
which are needed in computer controlled ultrasonic scanning 
systems. An android application was developed to send 
configuration data to the ultrasonic development board and 
visualize received signals captured from ultrasonic 
transducers. Smart devices are paired to the development card 
over Bluetooth communication channels. Ultrasonic signals 
visualized by the smart device can be saved for future 
investigations or shared via internet with different experts. 
Access to saved ultrasonic data provides the results can be 
evaluated in a variety of environments or monitor the 
inspection of a test material remotely. 

 
Keywords  Ultrasonic nondestructive testing, Smart 

systems, Android, Smartphone, Tablet, Hardware design.  

I. INTRODUCTION 

ON destructive inspection (NDI) is a measurement and 
evaluation technique that gives information about 

inner structure of materials without harming or damaging 
them. There are many NDI methods and ultrasonic testing 
(UT) is one of them. However, it is apparent that ultrasonic 
method is more versatile than the other methods. In most 
cases, UT is used as a main or a complementary inspection 
method [1]. Some important advantages of UT technique 
can be listed such as easy to use, harmless to human and 
environmental health and has high accuracy [2]. Despite the 
fact that UT is a popular method, device prices are very 
expensive.  

Smartphones have many advanced features and its 
powerful data processing capability makes them rapidly 
evolving technology. Nowadays, this technology has 
become an irreplaceable part of our lives [3].  

Integrating smart devices into UT application has 
included many useful advantages. In this application we 
have designed our UT system extremely cheaper compared 
to the market.  

 

The main function of the ultrasonic card developed in 
this study is to generate high voltage and high frequency 
electric pulses, digitize the incoming ultrasonic echoes and 
communicate with smartphone over Bluetooth. The 
application that we developed for smart devices can 
interpret and evaluate the ultrasonic data captured by the 
UT board.  

II. SYSTEM DESIGN 

The method that producing and capturing ultrasonic 
waves with the same single ultrasonic transducer is called 
pulse-echo (PE) and it is one of the most commonly used 
methods in ultrasonic NDI [2]. In this study, PE method 
was also used in our application. Figure 1 illustrates the 
basic idea of ultrasonic inspection process with our system.   

The process of our inspection application is as follow. 
First, the desired configuration values for the ultrasonic test 
are sent from the Smartphone to the ultrasonic card via 
Bluetooth.  When the ultrasonic card received the 
configuration data, the configuration of the card is 
accomplished such as amplification rate, desired high 
voltage amplitude value and other parameters. For example, 
"Number of Pulses" parameter is written in the 
corresponding address in FPGA because ultrasonic pulses 
are generated by MOSFET bridge controlled by an FPGA.  
When the configuration process is finished then the 
initialization process is performed by microcontroller unit 
(MCU). Ultrasonic waves are started to be generated by 
ultrasonic transducer after the initialization process 
completed. Reflected ultrasonic signals from the material 
are captured by the same ultrasonic transducer and 
amplified by amplifier units in ultrasonic card. Amplified 
signals are transferred to the digitizer unit and converted to 
10 bit binary values with Analog to Digital Converter 
(ADC) unit. ADC outputs are connected to the FIFO 
memory built in the FPGA. When FIFO memory becomes 
full an external interrupt is created to activate MCU. FIFO 
memory content is transferred to External Bus Interface 
(EBI) of the MCU via Direct Memory Access (DMA) and 
MCU sends this data to the smart device over Bluetooth 
communication channel. The program developed for the 
smart phone is used to evaluate and interpret the digitized 
signal received.  

Inspection results are displayed on smartphone screen as 
A-Scan graphic representation, see Figure 1. In this graph, 
the horizontal axis defines time and the vertical axis defines 
the signal strength.  

Smartphone controlled ultrasonic nondestructive 
testing system design  
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A. Hardware Design 

This ultrasonic development card was previously 
implemented on a TMSC6416 DSP development kit with 
several auxiliary kits [4]. We designed our custom 
ultrasonic card with the knowledge that we experienced our 
previous implementation on a commercial development kit. 
The general block diagram of our custom ultrasonic card is 
given in Figure 2. The block diagram of the system consists 
of four main units, Ultrasonic Analog Front End (UAFE), 
voltage regulation, FPGA and MCU units.  

 
Figure 1: General overview of ultrasonic inspection process of 

the developed system 
 

This card is able to produce adjustable high amplitude 
voltage between +40 V and +250 V. Our ultrasonic card 
has a programmable high-frequency ultrasonic pulse 
generator, 0.5 MHz to 10 250 V range. 
Parameters of ultrasonic pulses such as amplitude, 
frequency, repetition frequency and number of pulses can 
be set by user. This ultrasonic card has also an adjustable 
72 dB amplifier and a fast 100 MHz digitizer (ADC). 
FPGA unit is employed for data acquisition and signal 
processing. The MCU unit has a high-speed (200 MHz) 
DSP microcontroller that manages peripherals by 
controlling LCD screen, keypad, buzzer, buttons and set 
parameters of regulators, amplifiers and ADC. MCU unit 
also communicates with internal memories and USB port.  

The ultrasonic card developed in this study supports both 
PE and Through Transmission (TT) ultrasonic inspection 
methods. Ultrasonic data acquisition system consists of two 
channels, A and B Channels. This means two different 
frequencies can be used at the same time in a single 
inspection. It can be operated with up to four single-element 
(two TT channels) and two dual-elements (two PE 
channels) ultrasonic piezoelectric transducers.  

This development card provides ultrasonic inspection 
with a smartphone over Bluetooth and with a PC over USB 
communication channels.  

Analog to digital conversion, data acquisition and data 
processing operations were made at very high frequencies 
by a 100 MHz ADC, a 50 MHz Cyclone FPGA and a 200 
MHz PIC32MZ family microcontroller respectively.  

B. Software Design 

In this study, LG G5 H850 smartphone is used as 
android software development platform for ultrasonic 
inspection applications. This smart device has a Qualcomm 
MSM8996 Quad-core CPU chipset which is powerful 
enough to deliver satisfactory computing performance. 
There are two of 2.15 GHz Kryo and two of 1.6 GHz Kryo 
embedded CPUs in this chipset [5]. The android application 
that developed in this study also has the ability to save the 
inspection data to a SQLite database. This database can be 
transferred from smartphone to PC. This function gives user 
an opportunity to work with saved inspection data on 
MATLAB environment.  

Structure of the data received via Bluetooth in the 
Android application is described in Table 1. Each package 
starts with hexadecimal '0xFF' value means open a new 
transfer. Then the package length is transmitted with two 
bytes, the first bit of these two byte is the most significant. 
The forth byte defines the package topic, and the next bytes 
are the data of the topic. 

Table 1: The structure of the data package used in communication 
between the smart phone and the card 

Data No Byte0 Byte1 Byte2 Byte3 Byte4  

Data 0xFF 0x00 0x03 0x01 0x01  

Meaning 

Start the 

Transfer Package length 

Package 

Topic  

Topic 

Data  

 
The program of the Android interface consists of two 

main parts, which are configuration and analysis. Some 
features in the configuration settings menu are given as 
follows. "Buffer size" is the parameter that specifies the 
memory size of captured ultrasonic signals. This feature can 
be set between 200 and 16.000 samples (each sample is 
represented with eight bits). It limits the amount of data to 
be acquired after an ultrasonic wave package is sent to 
material. The acquisition duration of ultrasonic echoes 
varies depending on the ADC sampling frequency. For 
example, when the sampling frequency is set to 100 MHz, 
then sampling process will be performed by 10 ns steps. In 
this test if the buffer size is set to 16.000 then ultrasonic 
data acquisition will be performed in 160 s 
16.000 samples). When the sampling frequency decreased 
to 50 MHz, sampling will be made with 20 ns steps, and the 
data acquisition will be completed within 320 
frequency" is used to change the frequency of high 
amplitude pulses depending on ultrasonic transducers. 
H  digitally adjusts the pulser voltage with 0.5 

V steps. Depending on different types of ultrasonic tests, 
the number of pulses applied to the material may vary and 
this parameter can be changed with The  
submenu. "Sampling frequency" is an important system 
parameter and defines the resolution of the acquired 
ultrasonic signal. The system capacity is maximum 100 
MHz however 50, 25 and 12.5 MHz options are available. 
Mode of UT method can be switched between TT and PE 
by "Ultrasonic method" parameter. In TT mode channels 
can be set as pulser or receiver by labeling them as 
Read Channel" or "Select Pulse Channel" options.  
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Figure 2: General block diagram of the developed card  

Analysis menu has different tools and features as 
summarized follow. The most important analysis tool is the 

 section and it visualizes the captured ultrasonic 
echoes on smartphone screen. Horizontal axis gives the 
number of samples (up to 16.000) and vertical axis gives 
signal strength (between 0-255 steps). Recorded UT data 
can also be recalled for visualization on the graph screen. 
Figure 3 shows menus on the screen. The sampling speed 
can be set with ADC FREQ menu. Amplification of the 
card can be managed with GAIN menu.  A gate for 
measuring the thickness can be defined with GATE 
CONFIG menu. Different gates are shown in Figure 3 (a, b, 
c) as red lines. Thickness of a material can be displayed on 
graph screen in mm or inch. Thickness gives distance of 
back wall of a material or possible flaws as it shown in 
Figure 1. UT devices are tested with calibration blocks.  
CALIBRE menu is also used to test our ultrasonic card with 
known materials in terms of composition and thickness. We 
able define velocity of ultrasonic signal according to certain 
thickness of a calibration block.  

III. EXPERIMENTAL RESULTS 

An ultrasonic evaluation was applied to a 63 mm tick 
aluminum reference block, shown in Figure 4. There are 
two artificially created defects on this aluminum test block 
at different depths. The aim of this evaluation is to 
demonstrate how successfully our system detects flaws in 
the reference block. The sampling frequency was set to 100 
MHz. This means time interval between two successive 
samples is 10 ns. When evaluation screens (Figure 3) are 
examined, there are three meaningful sections in returning 
echoes. These include initial pulse between 800 and 1000 
samples, flaw echoes returning from a defect in material 
between 1700 and 2000, and the back wall echo reflected 
from the bottom of the material between 2600 and 3000 
samples. Some ultrasonic waves generated from transducers 
penetrate into the material while some are reflected back 
from the surface of the material. Signals reflected back 
from the surface create initial pulse. When penetrating 
waves encounter with a discontinuity some of them are 
reflected back from that point and the remaining waves 

continues to their path. Reflected signals from the 
discontinuity regions cause flaw echoes. Back wall echo 
refers to the ultrasonic waves that are reflected back from 
the bottom of the material.  

 

 

 
Figure 3: (a) Measurement of the thickness of the material, (b) 
Position of the first defect in the material, (c) Position of the 

second defect in the material 
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All these three kinds of reflections are caused of 
acoustic impedance mismatches. When ultrasonic waves 
transferring from one material to another, some of them are 
reflected back and remaining continue to penetrate the 
materials. The reflection and penetration rates of ultrasonic 
waves vary  acoustic impedances. 
Reflection rate increases while penetration rate decreases 
with increased difference acoustic 
impedances.  

 
Figure 4: Aluminum reference block 

The distance of a reflected echo is calculated as 
Equation (1). Here d is the distance between the surface of 
the material and the discontinuity region in an inspected 
material, v is the speed of sound in the material and t is the 
time of flight that sound needs to travel the particular 
distance. The reason of dividing t into two is that the 
ultrasonic evaluation is performed with pulse-echo method 
in this study. In PE method only one ultrasonic transducer is 
used to generate pulses and capture back echoes, therefore 
obtained time is composed of arrival and departure times. 
Since arrival and departure times are equal t is divided into 
two [6].  

                                                                  (1) 

Speed of sound through different materials is different 
[7]. Thickness of a material and the depth of the defect in it 
can easily be calculated by Eq. 1. Since the speed of sound 
in aluminum and the duration are known the depth of defect 
can easily be calculated. In figure 3 (a), the back wall echo 
of the aluminum block was evaluated. In order to find the 
duration of the back wall echo the number of samples 
between the highest peak of the initial pulse and the highest 
peak in the back wall echo are multiplied by 10 ns. The 
speed of sound in aluminum is constant and available at 
sources. The thickness of the material was found to be 
approximately 63 mm. In figure 3 (b), the location of the 

first defect in the aluminum block was detected at a depth 
of about 32 mm. In figure 3 (c), second defect was detected 
at a depth of about 26 mm in the aluminum block. As a 
result, an accurate inspection was performed using 
smartphone. 

IV. CONCLUSION 

A different point of view has been achieved by 
integrating smartphones with conventional ultrasonic NDT 
devices. The designed system can receive the inspection 
data from custom designed ultrasonic card wirelessly. Smart 
device can evaluate the data and control the ultrasonic card. 
An android program developed for smart devices that can 
record and evaluate the received ultrasonic signals. 
Smartphone can share the saved inspection data thanks to 
the mobile communication features. Integrating the 
advanced features of the smartphone brings innovative 
features to conventional ultrasonic NDT. For example, user 
can save the coordinates of the location where the 
inspection is made or take photos of the inspected 
materials. Smartphone CPUs are powerful enough to 
perform DSP calculations. With the development of mobile 
technology, the numbers of academic study is increasing 
[8]. For example, if DSP operations are needed and there is 
no enough processor power to do this on the hardware, it 
can be handled by a smartphone. Android NDK platform 
gives ability to programmer use C/C++ coding skills in 
android applications. For example, the grain structure of 
materials is scattering the ultrasonic waves and this causes 
noise in the received signal [9]. Removing these noises 
from the signal is possible and this filter can be built on 
smartphone instead of a DSP chip. These advantages 
provide a development environment for different 
applications for enhancing the features of the conventional 
NDT application.  

REFERENCES 

[1] M. V. Brook, Ultrasonic Inspection Technology Development and 
Search Unit Design: Examples of Practical Applications. IEEE 
press, 2012. 

[2] -cost and highly reliable amplitude modulator 
design for PC-
Electronics World, 120 (1937), pp.30-33, 2014. 

[3] 
Proc. 23rd Signal Processing and 

Communications Applications Conference (SIU), pp. 2456-9, 
Malatya, Turkey, 16-19 May, 2015.  

[4] -based high-speed 
Proc. 23rd Signal Processing and 

Communications Applications Conference (SIU), pp. 1315-8, 
Malatya, Turkey, 16-19 May, 2015 

[5] GSMArena. (2016, February).  LG G5 H850. [Online]. Available: 
https://www.gsmarena.com/lg_g5-7815.php  

[6] NDT Resource Center. (2012) Normal Beam Inspection. [Online]. 
Available: https://www.nde-ed.org/EducationResources/Communi 
tyCollege/Ultrasonics/MeasurementTech/beaminspection.htm 

[7] Olympus. Material Sound Velocities. [Online]. Available: 
https://www.olympus-ims.com/en/ndt-tutorials/thickness-gage/ 
appendices-velocities/ 

[8] 
IEEE 56th International Midwest 

Symposium on Circuits and Systems (MWSCAS), pp. 1271-1274, 
2013. 

[9] 
filters applied to ultrasonic flaw detection using split-spectrum 

IEEE Transactions on Ultrasonics, Ferroelectrics and 
Frequency Control, vol. 38, no. 2, pp. 133-140, Mar. 1991. 

 

338 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 
 

 
Microwave Absorber Design in Layered Structure Using 

Differential Evolutionary Algorithm 
 

 

Departmant of Electrical-  
                        coskun.ahmet@msn.com,sguler@uludag.edu.tr,yenikaya@uludag.edu.tr, tznmesut@gmail.com 

 

    Abstract  - In this paper, the microwave absorber which 
consists of several layers was designed. The aim of the 

detectability within the range of 0.5-8 GHz frequency bands by 
minimizing its reflection coefficient. Several materials with 
thicknesses ranging between 0.01 and 2 mm were considered 
for the design of microwave absorber. And as such they were 
used a with total thickness less than 5 mm. The reflection 
coefficient of microwave absorbers was obtained using a 
recursive procedure. The optimization algorithm based on 
differential evolution (DE) was used to obtain the fine 
structures that have low reflection coefficient. The obtained 
results were compared by literature. For this idea, the software 
which computes the reflection coefficient of the microwave 
absorber was developed in MATLAB. 

 

    Keywords - Electromagnetic absorbing structures, Reflection 
coefficient, Multilayered microwave absorber, Differential 

evolution. 

I.INTRODUCTION 

Microwave absorbers with multilayer are very important 
components which are designed for specifically on civil and 
military applications. In recent years many studies 
demonstrated that minimizing reflection of radar signals on 
target objects by reducing radar cross section is significant 
[1],[2]. In order to achieve this, many researchers studied on 
microwave absorbers. There are a lot of publications about 
this subject [3]. In design of multilayer microwave 
absorbers it is important that the reflection coefficient 
should be reduced and structure should be thin. In our paper 
we focused on the design of the microwave absorbers. In 
view of the application of these absorbers in the area of low 
observability, the coatings need to exhibit a low reflection 
coefficient over a wide frequency range. The primary goal 
of the research reported in this paper is the development of 
a simple technique for designing such an absorber and for 
investigating the tradeoff between an absorber thickness and 
reflectivity. Many parameters of the absorber can be varied 
in order to obtain its optimal characteristics by using an 
optimization technique. These parameters are the number of 
layer, thickness of layer, frequency, and wave polarization 
[4].  

Various techniques are proposed for designing absorbers. 
These techniques are genetic algorithm (GA), optimal 
control approach, particle swarm optimization (PSO), 
differential evolution (DE), central force optimization, etc. 
Pesque et al. [5] proposed a technique for designing 
absorbing coating which is based on an optimal control 
approach. In this method, thin absorbing coatings are 

designed by cascading layers of different materials which 
are chosen from a predefined set of available materials, such 
that the absorption properties of the coating are maximized 
over a specified frequency range, while its thickness or 
surface mass is minimized. Although this optimal control 
based algorithm was shown to be very powerful, the authors 
acknowledge its major drawback of convergence to only a 
local minimum of the cost function which was defined as 
the maximum reflection coefficient over the frequency band 
of interest. As a global optimization tool, PSO which is used 
for the swarms to easily reach the goal is in most effective 
methods recently and developed by J.Kennedy and R.C. 
Eberhart in 1995 [6]. PSO [7]-[9] is based on the swarming 
behavior of birds, fish and other creatures. This technique is 
similar to the GA. Recently PSO has been applied to the 
problem of multilayer microwave absorber design [10], 
[11]. 

GA is a search technique used in computing, to find true or 
approximate solutions to optimization and search problems. 
The basic principles of GA was developed by John Holland. 
Different from traditional optimization techniques, rather 
than using parameter sets, GA solutions are represented in 
binary as strings of 0s and 1s, but other encodings are also 
possible. Being probability rule-based, GA requires only an 
objective function. Rather than whole solution space, GA 
scans the particular parts. Therefore, GA reaches the 
solution faster with its effective search [12]. In [13] design 
of multilayer absorbers using GA is represented. 

DE was introduced by Kenneth Price and Rainer Storn in 
1995 [14]. It is a simple metaheuristic and stochastic 
population-based evolutionary algorithm (EA) for global 
optimization problems. DE algorithm has gradually become 
more popular and has been used in many practical cases 
because it has good convergence properties. A new version 
of the DE algorithm is used in this paper; namely, the self-
adaptive DE. In this algorithm, the setting of the control 
parameters is made adaptive through the implementation of 
a competition into the DE algorithm [15]-[17].  

In this paper, DE optimization technique is presented for 
designing microwave absorbers. This algorithm offers 
several advantages over the existing techniques. This 
procedure systematically determines both the thickness and 
the material parameters of the layers that minimize the 
reflection coefficient over a specified range of frequencies 
and the total thickness. In our study we used materials with 
thickness varying between 0.01 and 2 mm. The thickness 
and material type of multilayer microwave absorber 
structures with varying number of layers were determined 
by a MATLAB Software with DE optimization. The layer 
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parameters like thickness, dielectric constant and 
conductivity to reduce the reflectivity were determined by 
optimization algorithm, therefore an optimization was 
achieved for microwave absorber. In our study, the 
materials in Table 1 were used and 0 degree was selected as 
the angle.  

II.FORMULATION	OF	THE	PROBLEM	

In this paper the reflection coefficients of the design is 
computed by transmission line matrix approach that used 
wave equations. A multi-layer microwave absorber 
structure is shown in Figure 1. Here, multi-layer microwave 
absorber which composed of the different materials with N 
layer is covered by the perfect conductor layer. 

 

Figure 1: Multilayer microwave absorber structure [13]. 

Generally, the aim is to designed the multi-layer system 
which minimize the reflection coefficient at the specially 
frequency band and at the specially the angle of incidence. 
The reflection coefficient for the multilayered structure are 
calculated using a recursive procedure [18] as 

 

(1) 

To TE polarization: 

 

(2) 

To TM polarization: 

 

(3) 

Where,  and  are the permittivity and permeability of 

the i.th layer, respectively. . Where,  is the 

incident angle of the i.th layer. The above equations are 
recursive relations that express  in terms of . 

The multilayer structure is shown in Figure 1. 

III.THE	DIFFERANTIAL	EVOLUTION	OPTIMIZATION	

In this paper, the DE algorithm which is one of the most 
popular optimization methods was used. DE algorithm is an 
algorithm based on population and was used crossover, 
mutation and selection operators as used GA. The basic idea 
of the DE consists in alternating two populations, P and Q, 
of the same size, NP. A new trial point, y, is composed of 
the current point, xi, of the old population and point ~u 
obtained by using mutation. If f(y) < f(xi), point y is inserted 
into the new population, Q, instead of xi. After completion 
of the new population, Q, the old population, P, is replaced 
by Q and the search continues until the stopping condition is 
fulfilled [15].  

The thickness of layers is obtained by using the DE 
algorithm that given the flow chart in Figure 2. The 
thickness of each layer is chosen as maximum 2 mm and the 
total thickness of the designed structure is chosen as 
maximum 5mm. Iteration number (N) is taken as 100 at the 
optimization process.  

 
 

Figure 2: Flow chart of optimization. 

IV.NUMERICAL	RESULTS	

In this paper, multilayer microwave absorbers were 
designed by the materials that given in Table 1. In the 
microwave absorber design, the optimum design was 
obtained by the using the different materials. The first layer 
where the electromagnetic waves come on the surface was 
taken as free space. The last layer was considered as the 
perfect conductor surface. The inner-layers were chosen 
from the materials of which the properties are given at 
Table 1. The thickness and materials properties of each 
layer were considered constant throughout the layer. And 
also the surface of the layers was considered infinite for the 
purpose of the easy calculation. 
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Table 1: The lists of relaxtion-type magnetic materials that 
used in design [13]. 

 

No  

1 10 
2 15 

Lossy magnetic materials (  = 15 ,  = 0) 

-   

No 
) 

a 
z) 

b 

3 5 0.974 10 0.961 
4 3 1.000 15 0.957 
5 7 1.000 12 1.000 

 

= -j   

No 
 

(1GHz) 
a 

(1GHz
) 

b 

6 5 0.861 8 0.569 
7 8 0.778 10 0.682 
8 10 0.778 6 0.861 

Magnetic materials (  = 15 ,  = 0) 

-   

No  (1GHz) 

9 35 0.8 
10 35 0.5 
11 30 1.0 
12 18 0.5 
13 20 1.5 

14 30 2.5 
15 30 2.5 
16 25 3.5 

The absorber with seven layers is optimized to minimize the 
reflection coefficient at the 0.5-8 GHz frequency range. The 
optimization parameters that used in this situation are given 
at Table 2. The design values, which are obtained when 
comparing with [16] reference, are shown at Table 3 and 
Table 4. 

Table 2: Parameter values that used in the optimization. 

Parameter Value 

Frequency 0.5-8 GHZ 

Iteration number 100 

Population number 100 

CR and F coefficient 0.8 

The microwave absorber structure is consisted of seven 
layers at the first design. First layer is considered as free 
space and last layer is considered as the perfect conductor 
layer. The properties of the inter-layers are given at Table 1. 
The lengths of the inter-layers are obtained by the DE 
algorithms for the optimization and shown in Table 3. The 
total thickness of the absorber is chosen as maximum 5 mm 

seen from Figure 3, the better results than in the literature 
were obtained by the presented design at the desired 
frequency range.  Especially, it can be seen that the 
maximum reflection coefficient is lower at the desired 
frequency band. Also, the total thickness which is used at 
this design is designed to be 12.67% thinner than the 
presented value at reference. 

Table 3: Parameters of the microwave absorber that used in 
the first design. 

 D11 Data from [16] 

Layer 
num. 

Material 
num. 

Thicknes
s(mm) 

Material 
num. 

Thicknes
s(mm) 

Layer 1 16 0.4617 14 0.459 
Layer 2 6 1.6808 6 1.817 
Layer 3 6 0.6834 6 1.028 
Layer 4 5 0.5320 5 0.885 
Layer 5 15 0.9963 15 0.809 
Total 

thickness 
(mm) 

 4.3542  4.998 

 

Figure 3: Reflection coefficient for design D11 described in 
Table 3. 

In the second design an absorber with seven layers is 
designed to minimize reflection coefficient at the 0.5-5GHz 
frequency bands. The total thickness of the absorber is 
chosen as maximum 5 mm. The comparison values are 
given in Table 4.  Figure 4 shows that the frequency 
response that is obtained by the second design. Better 
results are obtained by the presented design at the desired 
frequency band as shown in the figure. Especially, it can be 
seen that the maximum reflection coefficient is lower at the 
desired frequency band. Also, the total thickness, which is 
used at this design, is designed to be 13.3% thinner than the 
presented value at reference. 

Table 4: Parameters of the microwave absorber that used in 
the second design. 

 D22 D21 Data from [16] 

Layer 
num. 

Materia
l num. 

Thickn
ess(mm

) 

Materia
l num. 

Thickn
ess(mm

) 

Materia
l num. 

Thickn
ess(mm

) 
Layer 1 16 0.4648 14 0.4982 14 0.431 
Layer 2 6 0.6466 6 1.0803 15 1.438 
Layer 3 5 0.8946 5 1.4417 5 1.143 
Layer 4 5 0.6514 4 0.7838 4 0.507 
Layer 5 4 1.6641 4 1.0681 4 1.479 
Total 

thickne
ss 

(mm) 

 4.3215  4.8722  4.998 
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Figure 4: Reflection coefficient for designs D21 and D22 
described in Table 4. 

In the third design an absorber with seven layers is designed 
to minimize reflection coefficient at the 2-5GHz frequency 
bands. The total thickness of the absorber is chosen as 
maximum 5 mm. The comparison values are given in Table 
5. Figure 5 shows that the frequency response that is 
obtained by the third design. As shown from figure, the 
better results were obtained by the presented design in the 
desired frequency range. Especially, it can be seen that the 
maximum reflection coefficient is lower at the desired 
frequency band. Also, the total thickness which is used at 
this design is designed to be 27% thinner than the presented 
value at reference. 

Table 5: Parameters of the microwave absorber that used in 
the third design. 

 D31 Data from [13] 

Layer 
num. 

Material 
num. 

Thicknes
s(mm) 

Material 
num. 

Thicknes
s(mm) 

Layer 1 16 0.4523 16 0.486 
Layer 2 6 0.9948 6 1.446 
Layer 3 5 1.2263 5 1.272 
Layer 4 11 0.8861 11 0.885 
Layer 5 2 0.2469 2 1.155 
Total 

thickness 
(mm) 

 3.8064  5.244 

 

 

Figure 5: Reflection coefficient for design D31 described in 
Table 5. 

In the fourth design is designed an absorber with seven 
layers to minimized reflection coefficient at the 2-5GHz 
frequency bands. The total thickness of the absorber is 
chosen as maximum 5 mm. The comparison values are 
given in Table 6.  Figure 6 is shown that the frequency 
response that obtained by the three different designs. It is 

obtained the better results by the presented design at the 
desired frequency band as shown figure. 

Table 6: Parameters of the microwave absorber that used in 
the fourth design. 

 TT1 TT2 TT3 

Layer 
num. 

Materia
l num. 

Thickn
ess(mm

) 

Materia
l num. 

Thickn
ess(mm

) 

Materia
l num. 

Thickn
ess(mm

) 
Layer 1 14 0.4591 15 0.5486 14 0.4982 
Layer 2 6 1.0416 5 0.1892 6 1.0803 
Layer 3 5 1.5205 2 0.1966 5 1.4417 
Layer 4 4 0.9277 4 1.6392 4 0.7838 
Layer 5 5 0.6930 4 0.5391 4 1.0681 
Total 

thickne
ss 

(mm) 

 4.6418  3.1127  4.8722 

 

Figure 6: Reflection coefficient for designs TT1, TT2 and 
TT3 described in Table 6. 

V.CONCLUSION	

In this paper, multilayer electromagnetic absorbers are 
designed by the materials that are given in Table II. The 
thickness of materials and its placements are determined by 
DE algorithm that uses the values given in the Table I. The 
aim of these designs is to obtain the best results in the 
certain frequency range. Different designs have been 
presented which provided very good frequency response. 
The obtained designs are generally better than the others in 
the literature. 
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Abstract  In this study, an analysis of fractional order PI 
controller will be given. The analysis aims to show when the 
fractional order PI controller will result in better closed-loop 
performance: should one use it to control integer order systems? 

Tuning parameters of fractional order PI controller, namely  

and  are determined by using integral performance criteria. 

To identify tuning parameters based on integral performance 
criteria, initial values are required. Ziegler-Nichols tuning 

method was used to find initial values of 
pK  (Proportional Gain) 

and 
i
 (Integral Gain) while fractional integrator order  was 

varied in a range between 0.9 and 1.1. Finally, closed-loop system 
step responses have been plotted to compare performances. It has 
been observed that for open loop stable and unstable integer 
order systems integer order PI controllers result in better 
solutions. On the other hand, for integrating integer order 
systems it is possible to achieve better closed-loop responses with 
integer order PI controllers.

 

  

 
Keywords  PI Controller, Fractional Order PI Controller, 

ISTE Optimization, Stable Processes, Integrating Processes 
 

I. INTRODUCTION 

 
ID (Proportional Integral Derivative) controllers, in other 
words, three-term controllers are still the most popular 
controllers used in industry because of the advantages like 

simplicity, performance robustness, and the availability of 
many effective tuning methods based on minimum plant 
knowledge . In some studies, it has been shown that 90% of 
control loops are PI or PID controllers. On the other hand, the 
absence of derivative makes the controller less sensitive to 
noise so that PI controllers are more preferable than PID 
controllers [1]. This increases the importance of PI controllers. 
    The fractional calculus, known as a generalized form of 
integer calculus, has a history of more than 300 years. Its 

September 30, 1695 [2]. Development of technology increased 
studies on fractional orders systems and as a result of these 
studies, scientists started to use differential equations for 
system modeling. After that, the idea of fractional order PID 
controller was proposed by Podlubny in 1980 [3]. Different 

from classical PID controller, fractional order PID controller 
has two more parameters, integrator order , and derivative 

order . These parameters can be any real number and they 

make the controller more flexible. With tuning fractional 
orders  and  better responses can be observed in control 

systems. But, fractional PI controllers do not involve 
derivative. So, the fractional derivative order  is not used 

for PI controllers. On the other hand, using fractional orders is 
not a solution that can always be used for control systems. 
Although there have been lots of studies on fractional PID 
controllers, it is not still certain that using fractional order PID 
controllers always give better results. So, scientists are still not 
sure about when to use fractional or integer order controllers. 

In control theory, another problem that scientists deal with 
is time delay. Almost every physical system has time delay in 
response time and as a result of this problem computation of 
time response for these systems is more complicated. 
Generally, Pade approximation is used to approximate the time 
delay. 
    In this paper, an analysis, which is hoped to guide 
researchers about when to use integer or fractional order PI 
controllers, will be given. Integral performance criteria [4] is 
used to determine  PI controller. During the calculation of 
tuning parameters of fractional order PI controller, different 
fractional integrator order of  varying between 0.9 to 1.1 

was assumed and the other tuning parameters of PI controller, 

namely 
pK  and 

i
, were identified based on integral 

performance criteria. As the design method requires initial 
guesses,  Ziegler-Nichols [5] tuning method was used to find 

initial tuning parameters for Proportional Gain ( ), and 

Integrator Gain (
i
). For different integrator order, different 

controller parameters were obtained, and closed loop 
performances for designed fractional order PI controllers were 
compared. 
 The rest of paper is organized as follows. In Section II, 
Ziegler-Nichols tuning method, which is used for calculating 
initial parameters, is explained. Then Integral Performance 
Criteria is given in Section III. Simulation results and 
discussions are in Section IV. The paper finishes with the 
conclusion in Section V. 

On Fractional Order PI Controllers: An Analysis 
on Integer Order Systems using Integral 

Performance Criteria 

 and  KAYA  
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II. ZIEGLER-NICHOLS METHOD 

 
    This section gives a very brief review of Ziegler-Nichols [5] 
tuning method as it is used to find initial guesses for 
determining PI controller parameters. Although there are two 
Ziegler-Nichols tuning methods, only the closed loop 
oscillations based one is given. In this Ziegler-Nichols tuning 
method firstly a low/zero gain of  is used. Then, the value 

of  is increased until a steady-state oscillation occurs. At 

this point, critical pK  value is noted as . Period of 

oscillation Pcr is measured from the obtained oscillation. Based 
on these critical gain and period of oscillation, controller 
parameters can be found from Table I. 
 
Table I: Ziegler-Nichols controller parameters for the second method 

 
Controller Type    

P 0.50*   0 

PI 0.45*  /1.2 0 

PID 0.60*  0.50*  0.125*  

 

III. INTEGRAL PERFORMANCE CRITERIA 

 
    In literature, different methods are proposed and studied to 
determine PID controller parameters. These methods need 
different system information like step response of open loop 
system as in Ziegler-Nichols method or some of them use the 
Nyquist curve of the system while the others use frequency 
response of the system to obtain the parameters with simple 
tuning laws. However, these methods may not yield the best 
solution to get a good closed loop response of the system. For 
example, Ziegler-Nichols based tuning often gives oscillatory 
responses. Integral performance criteria is a good alternative 
that can be used to get more satisfying responses [4]. This 
approach can only be applied to systems that its plant transfer 
function is known. The minimization function of integral 
performance criteria is given by the following equation: 

                                                         (2) 

    As seen in (2), it is desired that the closed-loop system 
minimizes the error as a function of time. An optimum 
response of a system is obtained when the response that makes 
the value of J minimum is achieved. Integral performance 
criterion has different forms and optimum controller 
parameters depend on which form of criteria is used. The most 
commonly used forms of this criteria are Integral of Square 
Error (ISE) and Integral of Absolute Error (IAE). Performance 
functions of ISE and IAE are respectively given by the 
following equations: 

                                                                   (3)            

                                                                    (4) 

General forms of ISE and IAE are respectively given by: 

                                                   (5)            

                                                   (6) 

    In equations (5) and (6),  represent parameters for the 
optimum response of the system. Varying value of i from 0 to 
3 in equation (5), ISE, ISTE, IST2E and IST3E forms of 
performance criteria are obtained. In this paper, IST3E 
criterion is used to determine tuning parameters of fractional 
order PI controllers. 

IV. ANALYSIS OF INTEGER ORDER SYSTEMS WITH 

FRACTIONAL ORDER PI CONTROLLER 

 
    In this paper, (5) different integer order systems are selected 
to analyze closed loop performances with fractional and 
integer order PI controllers [5]. First, Ziegler-Nichols tuning 
method is used to find initial guesses for fractional PI 
controller parameters to use with integral performance criteria. 
IST3E criterion is accomplished to determine optimum 
fractional PI controller parameters. During optimization 
procedure, integrator order,  was kept constant at different 
values changing from 0.9 to 1.1 and remaining controller 
parameters, namely 

pK  and 
i
, were calculated. Selected 

plants transfer functions are as listed below: 

0.5

1

s

P                                   (7)  

2 5

1

( 1)
PG

s
                                      (8) 

3

1

( 1)
s

PG e
s s

                                 (9) 

4 5

1

( 1)
s

PG e
s s

                              (10) 

0.2

5

1

( 1)
s

PG e
s

                              (11) 

 
    Especially, stable, unstable and integrating processes with 
time delay having lower and/or higher order plants transfer 
functions were selected to examine the effect of the fractional 
PI controller on these integer order systems. 

A.  Example 1 

 Here, plant transfer function given by equation (7) is 
considered. Obtained controller parameters using IST3E 
criterion are summarized in Table II.  
 Step responses for designed controllers are illustrated in Fig. 
1. From the figure, it is clearly seen that integer integrator 
order results in a better system performance than fractional 

345 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

integrator order. With integer PI controller, the system has a 
very low overshoot. But, when integrator order becomes 
fractional, the system yields much larger overshoots of about 
80%. 
    Another important observation is that integer order PI 
controller has no steady-state error but, especially when 
integrator order is below 1, closed-loop systems have steady-
state errors under fractional PI control, although they are 
negligible. Finally, it is seen that closed-loop system response 
of integer order PI controller has a much shorter settling time 
than a fractional order PI controller. 
 
Table II: Controller parameters for example 1 
 

Controller parameters 

   

0.9 1.4944 2.9754 

0.92 1.5538 2.9655 

0.94 1.6096 2.9534 

0.96 1.6606 2.9374 

0.98 1.7079 2.9168 

1 0.9612 0.9376 

1.02 1.8582 3.0705 

1.04 1.9364 3.2742 

1.06 2.0023 3.4194 

1.08 2.0615 3.5338 

1.1 2.1163 3.6345 

 
 

 
 

Figure 1: Step responses for plant transfer function of  

with integral performance criteria 

 

B.  Example 2 

 In this example, plant transfer function given by equation 
(8) is considered. Using IST3E criterion given section III, 
obtained controller parameters are given in Table III.  
 Closed loop responses for this example are shown in Figure 
2. Conclusions derived for example 1 are valid for this 

example as well. However, it must be noted that steady-state 
error related to fractional PI controllers is now more evident 
for integrator order of lower than 1. 
 
 
Table III: Controller parameters for example 2 
 

Controller parameters 

   

0.9 0.5684 0.3436 

0.92 0.5991 0.3284 

0.94 0.6267 0.3131 

0.96 0.6507 0.2976 

0.98 0.6710 0.2815 

1 0.4171 0.1670 

1.02 0.7621 0.2790 

1.04 0.835 0.3006 

1.06 0.8898 0.3113 

1.08 0.9337 0.3155 

1.1 0.9714 0.3166 

 
 

 
 

Figure 2: Step responses for plant transfer function of  

with integral performance criteria 
 

C. Example 3 

    In contrast to the first two examples, in this example a plant 
transfer function with an integrator will be analyzed. The plant 
transfer function given in equation (9) is considered here. 
Obtained tuning parameters for integer and fractional order PI 
controllers are summarized in Table IV. As in first two 
examples, IST3E integral performance criterion was used to 
calculate required controller tuning parameters, namely  

and 
i
.  

 
 
 

ï
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Table IV: Controller parameters for example 3 

 

Controller parameters 

   

0.9 0.3496 0.0501 

0.92 0.3488 0.0471 

0.94 0.3478 0.0443 

0.96 0.3475 0.0417 

0.98 0.3493 0.0396 

1 0.3545 0.0405 

1.02 0.3705 0.0414 

1.04 0.3904 0.0440 

1.06 0.4067 0.0466 

1.08 0.4183 0.0482 

1.1 0.4273 0.0491 

  
Step responses of controllers designed with IST3E are 

illustrated in Figure 3. From the figure, it is seen that on the 

contrary of  and , all systems have overshoots 

including a system with integer order controller.  In the first 
two systems, when integer order PI was used, systems had very 
low overshoots. But when there is an integrator in the plant 

transfer function, as in 3pG , systems with integer order PI 

controller also have overshot. The least overshoot occurs when 
fractional order  is determined to be 0.98, and when  is 
1.1 the most overshoot occurs. 
 

 
Figure 3: Step responses for plant transfer function of  

with integral performance criteria 

 

D. Example 4 

    In this example, a high order integrating system with time 
delay is considered. Controller parameters obtained from 
Integral Performance Criteria are given in Table V. 

Similar to example 3, which considers a lower order 
integrating process transfer function, considerably high 
overshoots are obtained for both integer and fractional order 
PI controllers. The least overshoot occurs when the integrator 

order  is 0.92 and the most overshoot occurs when  is 
selected as 1.1. 
Table V: Controller parameters for example 4 
 

Controller parameters 

   

0.9 0.1063 0.0046 

0.92 0.1072 0.0043 

0.94 0.1082 0.0041 

0.96 0.1093 0.0039 

0.98 0.1105 0.0038 

1 0.1123 0.0043 

1.02 0.1152 0.0042 

1.04 0.1185 0.0041 

1.06 0.1221 0.0041 

1.08 0.1253 0.0041 

1.1 0.1281 0.0040 

 
   
 

 
Figure 4: Step responses for plant transfer function of  

with integral performance criteria. 

 

E. Example 5 

    In previous examples, open loop stable and integrating 
systems were considered. In this example, an unstable system 
with time delay is considered to be controlled by integer and 
fractional PI controllers. The transfer function of the unstable 
system is given in equation (11).      Fractional and integer 
order PI controller parameters obtained by integral 
performance criteria are given in Table VI.  

Step responses of designed controllers for different 
fractional order  values are illustrated in Fig.5. It is seen 
from the figure that performance of integer order controller is 
better than fractional-order controllers. Fractional order 
controllers result in more oscillatory responses. Also, it is 
clearly seen that system with integer order controller has much 
shorter settling time. 
 

ï

 

 

 

 

ï
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Table VI: Controller parameters for example 5 

 

Controller parameters 

   

0.9 4.0079 6.1906 

0.92 4.0675 6.2583 

0.94 4.1210 6.3193 

0.96 4.1714 6.3709 

0.98 4.2146 6.4087 

1 3.4284 2.6922 

1.02 4.4151 6.9176 

1.04 4.5129 7.4425 

1.06 4.5934 7.8521 

1.08 4.6649 8.2063 

1.1 4.7322 8.5367 

 
     

 
 

Figure 5: Step responses for plant transfer function of  

with integral performance criteria 

V.    CONCLUSIONS 

 The paper has given an analysis of the closed loop 
performances of integer and fractional PI controllers to control 
a class of integer order processes. It has been observed that for 
integer order open loop stable and unstable processes integer 
order PI controller gives much better closed-loop responses 
than fractional PI controllers. However, for integer order 
integrating processes, it is not always possible to achieve 
better closed-loop responses with the integer order PI 
controller, and with some fractional order  value slightly 
better closed-loop responses have been gained. 
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Abstract  The PI Controller can be considered as the essential 
part for efficient Speed Control of the Interior Permanent Magnet 
Synchronous Motor. In digital control, two platforms exist to 
implement this controller, namely DSP and FPGA. The FPGA is 
more preferred than the DSP due to the concurrent facility. To 
obtain the full facilities of the digital control and for high accuracy 
speed control of motors, floating point PI Controller should be 
used instead of the fixed point. The problem of the FPGA is that it 
is programmed using VHDL or Verilog which deals only with 
fixed-point representation. This paper shows a full design of 
floating-point PI Controller using Altera DE2i-150 platform and 
Altera Megafunctions. The results are proven using two 
simulation platforms ModelSim-Altera Starter Edition 15.0 and 
Matlab Simulink. 
 

Keywords  FPGA, IPMSM, PI Controller, SVPWM.  
 

I. INTRODUCTION 

he advanced features of the Interior Permanent Magnet 
Synchronous Motors (IPMSMs) such as high efficiency, 

high torque to inertia have been made them used in a lot of 
applications. To achieve these features, it is necessary to use 
high performance controller. The previous works [1-4] proved 
the reliability and stability of systems, which used PI 
Controllers. The implementation of these controllers is either 
analog or digital. For more accurate results, the digital approach 
is more preferable. In general, to implement these controllers, 
microprocessor, microcontroller or DSP as well as software 
have been used [5-8]. The disadvantage of these methods is the 
long time required to compile and execute the software 
instructions.  
The other possible platform for control strategy is the FPGA.  
The current trend in literature shows that FPGA is more 
preferable than DSP because the FPGA is clock-based which 
means faster processing capability compared to instruction 
based (DSP). Also, the FPGA has the facility of concurrent 
operation which will reduce the processing time a lot. 
The FPGA can be programmed using the VHDL or the Verilog. 
Both of these hardware languages deal only with fixed-point 
representation while precise speed control of motors requires PI 
Controller with floating-point processing. To alleviate this 
problem ALTERA has provided IP Cores dealing with this 
floating-point representation. Some of these IP Cores are free 
and some require a license.  Building the PI Controller using 
FPGA requires mix using of VHDL or Verilog and the IP Cores.  

All the IP Cores Megafunctions are clock-based. Each IP 
require some number of clock cycles to obtain the result.  
Hence the processes that work in parallel will have different 
execution times. As an example, if the sampling time is 100us, 
clock cycle period is 20 ns and as the floating point adder, IP 
Core requires 7 cycles that means the adding process will be 
repeated by (100000)/(7*20) in each sampling time.  
To solve this problem each process should have a synchronizing 
process using VHDL or Verilog to ensure the processes are not 
repeated during one sampling time. 
The previous problems and for other problems such as the 
limited availability of the hardware sources of the FPGA 
platform make the researchers prefer to use fixed-point PI 
Controller rather than floating-point at the expense of losing the 
accuracy. 
This paper uses a mixed design of VHDL and ALTERA IP Core 
Megafunctions to design a floating-point PI Controller for 
Speed Control of the IPMSMs. Firstly discrete time equations 
are derived, then the PI parameters are designed using the Root-
Locus method.  
A simulation package of the Electronic Design Automation 
(EDA) can be used to verify the algorithms that have been built 
using FPGA. This EDA simulator provides a verification 
interface between MATLAB Simulink and FPGA board. This 
paper uses the ModelSim-ALTERA Starter Edition 15.0 and 
MATLAB SIMULINK to prove the results. The results of both 
simulations are exactly the same which proves the design. 

 

II. DISCRETE TIME DESIGN 

Figure 1 shows a general description of the whole system of 
speed control of the IPMSM. According to the difference 
between the reference and measured speed, the Speed PI 
Controller Commands the proposed current values to the 
Current PI Controller. The Current PI controller receives these 
proposed values as well as it receives the measured current 
values. According to the error between the commanded and 
measured values, the Current PI Controller will command the 
required voltage values to the motor. According to the 
commanded voltage values (vd_proposed, vq_proposed), 
Space Vector Pulse Width Modulation Signals (SVPWM) will 
be constructed to drive the motor (not shown in Figure 1). The 
PI Controller process time should be finished within the dead 
time width of the SVPWM signals.  
As it is clear from Figure 1 that the motor is decoupled to two 
axes, namely d-axis and q-axis. The following derivations are 
for the q-axis and in the same way it can be done for the d-axis. 
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Figure 1 Speed Control Loop. 

 
The PI controller for the q-axis current is shown in Figure 2. 
Using Root Locus Method, the controller should be designed to 
give: 

1. Zero steady-state error. 
2. Fast transient response (as example for step 

change signal). 
3. Small settling time. 

4. Minimum overshoot. 
 

 

 
Figure 2 Current PI Controller. 

 
 

 

(1) 
 

 

 
 

(2) 
 

 
Where  

 
= Stator resistance, = quadrature axis motor 

inductance, = Sampling time 

 

 
Where  
 

  
 

(3) 

 
The closed loop poles are determined from the characteristics 
equation: 
 

  (4)  

 

Where K is the closed loop gain and equals: 
 

 

 

 

(5) 

 
 

 
(6) 

 
  (7) 

 
The value of the gain K is obtained c 
is the crossover frequency of the open loop transfer function 
GOL

-. 
The root locus starts from the open loop (GOL

-): 
 

  (8) 

   
 

 

(9) 

 
The technical data of the motor used in this paper is shown in 
Table 1. The motor electric pole at Z=k2 has a time constant of 
(Lq/Rs=14.2 ms). This long time constant can degrade the 

system response. To solve this problem, the zero at  is 

chosen to cancel this pole, hence (9) resolves to: 
 

 
 

(10) 

 
The root locus is shown in  

Figure 3. The closed loop pole is chosen to give damping ratio 
of 0.947, overshoot = %0.0093 and the natural frequency is 
7050Hz. The total gain is 0.263. The proportional and integral 
constants of the q-axis PI Controller solved as follows: 

 
1. 

 

 

 

2. 

. 

 

 

3. 

. 

 

 

4. Hence: . 

 

 

5. . 
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Table 1 IPMSM Technical Data. 

Motor Type  ABB M2BJ 100L 6 
B3 

Nominal torque 14 Nm 
Number of pole pairs 3 
Stator resistance 3.59  
Stator quadrature-axis 
inductance 

0.051 H 

Stator direct-axis 
inductance 

0.036 H 

Rotor permanent magnet 
flux 

0.545 V s 

Moment of Inertia 0.015 Kg m2 
 
 

 

 

Figure 3 q-axis Current Controller Root Locus. 

 
 
Applying these values in (3): 
 

 
 

(11) 

 
 
The step response of (11) shown in Figure 4 demonstrates that 
the settling time is 0.797 ms, which proves the controller 
stability.  
The same procedure can be used for the d-axis PI Current 
controller. 
 

Figure 4 q-axis Step Response. 

 

III. FPGA DESIGN 

Field Programmable Gate Array (FPGA) is low cost device 
with the capability of concurrent processes which is very 
important in applications that require parallel processing. 
In most cases, the development of high performance control of 
the IPMSM needs FPGA with embedded processor IP 
(Intellectual Property) and an application IP [9][13-16]. The 
former is implemented by using software due to the 
complicated control algorithms, and the latter is implemented 
by hardware due to simple computation which may contain 
parallel computation. SVPWM is an essential part of speed 
control process. For an efficient system, the control process 
should be finalized in the dead time of the SVPWM.  These 
SVPWM signals have been implemented using VHDL on 
ALTERA FPGA DE2i-150 as shown in  

Figure 5. This dead time requirement is achieved by PI 
controller as hardware. One of the essential parts of the discrete 
PI Controller is the integrator shown in Figure 6  where: 

 
  u(n)  

 

(12) 
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Figure 5 SVPWM Signals Using ALTERA DE2i-150. 

 
After some simplifications, Equation (12) can be written as 
(13). 
 

 
According to these equations, the discrete PI Controller can be 
constructed. The current PI Controller output value is the 
commanded voltage of the IPMSM motor. The commanded 
value should not exceed the rating values. Hence anti-winding 
circuit [10-12] should be added to ensure that the rating values 
are not exceeded. To keep the precision, floating point 
representation is used for this PI Controller. All the 
mathematical operations (addition, subtraction, multiplication 
etc.) are done using the floating point ALTERA IP Cores. These 
IP Cores require different number of clock cycles to process its 
job. One important issue in the FPGA design is to make the 
signals (which is rrives at the same 
time. Otherwise wrong results will be obtained. To balance 
these paths, some part should be added as shown in  

Figure 7. Instead of adding parts, a better solution exists that is 
by adding some algorithms similar to sample and hold. These 
algorithms can be written using VHDL only. According to the 
last discussion, the PI controller has been built using ALTERA 
DE2i-150 as shown in the next section. 

 
 

 
 

Figure 6 Back Euler Integrator. 

 

 

Figure 7 Balanced Path Floating Point Discrete PI Controller with 
Anti-Windup. 

 

IV. SIMULATION (QUARTUS & MATLAB) COMPARATIVE STUDY 

The response to two types of input signals: constant-input 
(Figure 8) and variable-input (Figure 9) are studied. Two types 
of simulations have been done. The first simulation has been 
done to the floating-point PI Controller shown in Figure 10 
using Model-Sim ALTERA STARTER EDITION 15.0. The 
response to the constant-input signals is shown in Figure 11 and 
the response to the variable-input signals is shown in Figure 12. 
The second simulation has been done using MATLAB 
SIMULINK. The response to the constant-input signals is 
shown in Figure 13 and the response to the variable-input 
signals is shown in Figure 14. Before doing comparison 
between these two simulations, it should be known that FPGA 
needs reset pulse and some delays to keep the synchronizing. 
Hence, the FPGA needs one sampling time delay before giving 
the response. Taking this note into consideration, a comparison 
between these simulation results is shown in Table 2.  The two 
simulation results are coincident 100% which prove the validity 
of the design method. This paper is a part of Ph. D. thesis, and 
a plan exists to apply this design experimentally. 
 

V. CONCLUSION 

This paper proposes a full design for floating point Discrete PI 
Controller for Speed Control of IPMSM using FPGA. The 
paper proposed to use a hybrid algorithm of VHDL which only 
fixed point and floating point ALTERA megafunctions (IP) 
Cores. The design of the Discrete PI Controller parameters has 
been carried out using Root Locus Method. Two Simulations 
have been done, one using Model-Sim ALTERA STARTER 
EDITION 15 and the other using MATLAB SIMULINK. The 
two simulation results are coincident 100% which validates the 
design.  

  (13) 
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Figure 8 Constant Error Signals iq and id.  

 

 

Figure 9  Variable Error Signals iq and id. 
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Figure 10 Final Floating Point Current PI Controller constructed using ALTERA Megafunctions and VHDL. 

 

 

Figure 11 Simulation Results to constant-input signals Using ModelSim-ALTERA EDITION 15.0. 

 

 

Figure 12 Simulation Results to variable-input signals Using ModelSim-ALTERA EDITION 15.0. 

 

 

Figure 13 Simulation Results to constant-input signals 
Using MATLAB. 

  
 

 

Figure 14 Simulation Results to variable-input signals Using 
MATLAB. 
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Table 2 Comparison between PI Controller Responses using Quartus 
and MATLAB 

 Sample Time (us) PI Response using 
Quartus (vd , vq) 

Response using 
MATLAB (vd , vq) 

40 -188.851 , 294.678 -188.8533 ,  294.6768 
60 -223.499 , 269.348 -223.5000 ,  269.3457 
80 -143.273 , 319.332 -143.2693 ,  319.3335 
100 291.966 , -193,018  292.0000 , -193.0166 
120 267.343 , -225.894  267.3444 , -225.8915 
140 260.538 , -233.709  260.5200 , -233.7068 
160 257.368 , -237.195  257.3707 , -237.1925 
180 255.537, -239.167  255.5392 , -239.1646 
200 254.344, -240.435  245.3463 , -240.4328 
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Abstract - The term "phase transducer" in industrial and 
electrical applications is generally defined as obtaining three 
phase voltages from a single phase. Phase converters are used in 
remote areas where installation of the three-phase system is 
expensive. Because installing such a system requires additional 
transformers, transmission lines, measuring equipment, and so 
on. In terms of machine efficiency, power factor, and power 
oscillations, industrial three-phase asynchronous motors are 
preferred over single-phase asynchronous motors. Because of this, 
three-phase asynchronous motor drives are used more than 
single-phase asynchronous drives. However, for a three-phase 
asynchronous motor supply, a single-phase three-phase power 
converter system is required.In this study, the approach of single-
phase alternating voltage on three-phase alternating voltage 
transformation using matrix converter was investigated. The 
operation of the phase converter has been described in detail and 
simulated with the PSIM software model. In addition, the 
hormonics that cause the problems such as overheating, loss, 
dropping of the capacitor to be used at full load were calculated 
and at the same time positive, negative and zero sequence 
components were determined with the help of symmetrical 
component  anlaysis  and the results were evaluated.  

 
Keywords  Matrix converter, single phase three phase 

converters, symmetrical component anlaysis, hormonics. 
 

I. INTRODUCTION 

se of balanced three phase AC mains allows for the most 
efficient and economical use of electrical power. In many 

instances the cost of providing three phase service to remote 
rural areas is prohibitive due to the higher installation cost of 
three phase extension. Therefore SPTPC (single phase to three 
phase converter) is an excellent choice for situations where 
three phase power is not available. Proposed converter has a 
wide range of applications in which a three phase load is to be 
fed from available single phase source. Such applications 
include variety of forming equipments, fans, pumps, air 
conditioners etc. Another important application for SPTPC is 
in electric traction where three phase drive can be operated 
from single phase mains feeder. Consequently for feeding 
three phase loads from single phase source, single phase to 
three phase conve
made a fraction of cost of providing three phase service. For 
this reason several phase conversion systems [1-4] have been 
developed and are widely in use. 

 

 
In this work, matrix converter which is one of the three 

phase transformers is investigated and detailed study of matrix 
converter is given and output voltages are interpreted. To 
understand the operation of the matrix converter more easily, 
one voltage source can be divided into  two  voltage source  in 
one period. One is negative and the other one is positive 
voltage source. This approach  is named seperation and link to 
analyze the basic single to three phase matrix converter [6]. 

 

II. THREE PHASE MATRIX CONVERTER METHOD 

Figure 1 shows the form of a matrix converter consisting 
solely of semiconductor switches. In the period of a single 
voltage source, the voltage source can be divided into two 
voltages. One is negative and the other is positive. In contrast 
to Figure 2, the matrix converter can be regarded as two equal 
converters. 

A. Seperation 

When the voltage source is in positive period, the matrix 
converter which converts single phase three phases is 
simplified as shown in the upper part of Fig. 2. To avoid a 
short circuit, switches Sa1 and Sa3 must not be transmitting at 
the same time. At least one of the switches Sa1 or Sa3 must be 
in transmission for an open circuit. 

 

 
Figure 1: Matrix converter type  

Operation Strategy for Single Phase to Three Phase Matrix Converter 
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Figure 2:  Seperation of matrix converter type 

Sa1 switch is open and the Sa3 switch is must be off. The 
Sa2 switch must be on to provide current to the load source. 
When Sa3 is open ,Sa1 must be off and  Sa4 must be on. All 
analyzes were carried out for phases B and C in the same way. 
In the positive period, the switches Sa1, Sa3, Sb1, Sb3, Sc1, 
Sc3 must be controlled for the energy flowing from the AC 
source to the load, at the same Sa2, Sa4, Sb2, Sb4, Sc2, Sc4 
must be controlled to provide current path from load to source. 

When the source voltage is during negative period, switches 
Sa2, Sa4, Sb2, Sb4, Sc2, Sc4 must be controlled for power 
flow from the AC source to the load. Similarly Sa1, Sa3, Sb1, 
Sb3, Sc1, Sc3 switches must be controlled to provide path 
from load to source. 

B.   

In the positive source period Sa1 and Sa3 are controlled by 
the pulse width signal and Sa2 and Sa4 continue to stay on, 
while in negative source period Sa2 and Sa4 are controlled by 
the pulse width signal and switches Sa1 and Sa3 are kept on. 
The same situations occur in phases B and C, but the pulse 
width signal is applied at intervals of 120. table 1 shows the 
switching states of the switches. And figure 3 shows the 
operation states of the single phase to three phase matrix 
converter with three phase balanced resistance load when the 
source is during positive period. 

 

 

 

Table 1: SWITCHING STATES OF THE SWITCHES IN MATRIX 
CONVERTER 

 

States Vab Vbc Vca 
Switching Operation 

+(100)  Vs 0  - Vs  
Sa1,Sa2d,Sb3,Sb4d,Sc3,Sc4d 

+(101)  Vs  - Vs  0 
Sa1,Sa2d,Sb3,Sb4d,Sc1,Sc2d 

+(001) 0  -Vs  Vs  
Sa3,Sa4d,Sb3,Sb4d,Sc1,Sc2d 

 +(011)  -Vs 
0 

 Vs  
Sa3,Sa4d,Sb1,Sb2d,Sc1,Sc2d 

+( 010)  -Vs  Vs  0 Sb1,Sb2d,Sa3,Sa4d,Sc3,Sc4d 

+( 110) 0  Vs  - Vs  
Sa1,Sa2d,Sb1,Sb2d,Sc3,Sc4d 

+( 000) 0 0 0 
Sa3,Sa4d,Sb3,Sb4d,Sc3,Sc4d 

+(111) 0 0 0 
Sa1,Sa2d,Sb1,Sb2d,Sc1,Sc2d 

-(100)  Vs 0  - Vs  
Sb4,Sb3d,Sc4,Sc3d,Sa2,Sa1d 

-(101)  Vs  - Vs  0 
Sb4,Sb3d,Sa2,Sa1d,Sc2,Sc1d 

-(001) 0  -Vs  Vs  
Sa4,Sa3d,Sb4,Sb3d,Sc2,Sc1d 

 -(011)  -Vs 
0 

 Vs  
Sa4,Sa3d,Sb2,Sb1d,Sc2,Sc1d 

-( 010)  -Vs  Vs  0 
Sa4,Sa3d,Sc4,Sc3d,Sb2,Sb1d 

-( 110) 0  Vs  - Vs  
Sc4,Sc3d,Sa2,Sa1d,Sb2,Sb1d 

-( 000) 0 0 0 
Sa4,Sa3d,Sb4,Sb3d,Sc4,Sc3d 

-(111) 0 0 0 
Sa2,Sa1d,Sb2,Sb1d,Sc2,Sc1d 

'1'' upper arm swtich on, ''0'' lower arm switch on 
''+'' period source voltage, '-'' period source voltage, 

Subscript 'd' denotes diode to that switch. 
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Figure 3:  The operation states of the single phase to three phase 

matrix converter with three phase balanced resistance load when the 
source is during positive period 

III. MATERIAL AND METHOD 

With a three phase balanced resistance load ,the validity and 
feasibility of the operation strategy for single phase to three 
phase matrix converter is confirmed by simulation in PSIM 
software model. 

Figure 4 shows the PSIM software model and the matrix 
converter that converts single phase to three phase. 

 
Figure 4:  The operation states of the single phase to three phase 

matrix converter with three phase balanced resistance load when the 
source is during positive 

 
IGBT switches are used in this circuit. In order to obtain the 

pulse width modulation (PWM) used when the switches are 
triggered, it is aimed to find the most suitable switching signal 
by changing the frequency of carrier and control signals.When 

you look at the Matrix converter in positive source period; 
IGBT1, IGBT 2, IGBT3, IGBT7, IGBT8, IGBT9 switches 
should be controlled for the flow of energy to the load from 
the source, but also in the negative source period IGBT4, 
IGBT5, IGBT6, IGBT10, IGBT11, IGBT12 should be 
controlled to provide current path from the load to source. For 
the matrix converter not to be short-circuited IGBT and IGBT 
7 switches must not be transmission at the same time and not 
to be open-circuited at least one of the IGBT 1 or IGBT 7 
switches must be transmission. The same condition is valid for 
switches connected to other phases. 

ained by 
comparing control signal which are 3 sine waves with a 
frequency of 500 Hz , amplitude of 1 volt , phase difference of 

matrix converter. 
Similarly switching signals are obtained by comparing 

control signal which are 3 sine waves with a frequency of 50 

and carrier signal which is saw signal with 20 kHz frequency 
e 7 shows output voltage is obtained from matrix 

converter. 

 
Figure 5:  Matrix converter switching signals 

 

 
Figure 6:  The voltages at the output of the matrix converter 
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Figure 7:  The voltages at the output of the matrix converter 

 
Vab=2200 

,Vbc=200-120, Vca=210120 

Va=146.66-30, Vb=146.66-150, Vc=146.6690 

 
 

 

IV. SIMULATION RESULTS 

A.  Anlaysis Imbalance of Output Voltage 

 
 If the phase angle between the effective values of the phase 

voltages or the phase angles between successive phases is not 
equal, then a 3-phase system is unbalanced. The level of the 
imbalance is defined using the Fortescue component, with the 
base negative component (U1i) (or zero component (U1o) 
compared to the base positive component) which is given in 
equation 1. 

 

 (1) 
 

The Fortescue component of the output voltages of the 
phase converters is calculated by obtaining the positive (Vp), 
negative (Vn) and zero (Vo) series component voltages 
respectively given in equations 2, 3 and 4. 

 
                                             (2) 

 
 (3) 

 
V0=Va+Vb+Vc                                                                    (4) 

 
    -30, Vo= 0 nd the imbalance effect 
Vp/Vn was found to be zero from the equations 1, 2, 3 and 4.   

B. Anlaysis Hormonic of Output Voltage 

The hormonic distortion values accepted in the standards 
according to the international IEC 519-1992 are set at 3% for 
the voltage. There are problems at the hormonic ratios above 
the limit values, which can create dangerous and major 
material damage for the electrical systems. The deterioration 
rate of the electric energy quality can be determinated by using 
equation 5 defined with standards. 

Total hormonic distortion (for voltage); 
 

                                                                          (5) 
     When the total hormonic distortion is calculated in Figure 4 
where the voltage obtained from the output of the matrix 
converter is seen Va=% 5.99, Vb = 9.68%, Vc = 9.7% Vab = 
6.8%, Vbc = 13% Vca = 6.8% were obtained. Since hormonic 
distortion must be 3% according to accepted standards, a filter 
must be used at the input to reduce the total hormonic 
distortion at the output. 
 
 
 

V. CONCLUSION 

The single phase of the matrix converter is described in 
detail by the three-phase transformation separation and link 
method. The output of the matrix converter is simulated in the 
PSIM software model by connecting a balanced three-phase 
ohmic load. When the positive, negative, and zero sequence 
components of voltages obtained from the output are analyzed 
by symmetric components anlaysis, it appears that they are 
suitable for practical applications. The Fortescue component, 
known as the level of voltage imbalance that causes such 
effects as reverse engine torque (vibration) and overheating of 
asynchronous machines, has been calculated and found to be 
ideal. However, when the hormonic distortion of the output 
voltage is examined, an input filter is required to reduce the 
total hormonic distortion to the standard values. 

Because matrix converters do not need energy-storing 
intermediate elements and performing AC-AC conversion in a 
single step, it avoids the use of large capacitors, which occupy 
about 1/3 of the total size in inverters, and provides a simpler 
AC drive. This will ensure that the matrix transformer can be 
used more frequently in the future. 

REFERENCES 

[1] C. M. Hertz, "Current techniques in phase conversion systems ",  IEEE 
Rural Electric Power Conference, 1978. 

[2] T. C. Jongsma, "The application of phase converter ", 
Electrical/Electronic Showcase'79, 1979. 

[3] S. B. Dewan, M. Showleh , "Steady-state of static single-phase to three-
phase converters", EEE IAS Conf. Rec., City of Conf., 1981. 

[4] S. K. Biswas, "A new static converter for the operation of three-phase 
motors on single-phase supply ",  Conf. Rec, IEEE-IAS Annu , 1986. 

359 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

[5] B. Baskaran, S.P. Natarajan, S. Sivagamasundari, D. Thamilarasi A 
novel matrix converter based single phase to three phase converter IJ-
STA s, vol. 3, no. 2, 2009,  pp. 1092-107. 

[6] [6]  P. G. Scholar, " A novel matrix converter based single phase to 
three phase converter ." 

[7] [7]  J. Xiao, W. Zhang , H. Omori, K. Matsui, "A novel operation 
strategy for single to three-phase matrix converter ", Electrical 
Machines and Systems, ICEMS 2009. International Conference on. 
IEEE, pp. 1-6, 2009. 

[8] [8]  Z. Yan, R. Li, S. Xu, J. Li, " Modeling and control of high 
frequency link three-phase four-leg matrix converter ", Industrial 
Electronics Society, IECON 2013-39th Annual Conference of the IEEE, 
pp. 4886-4891, 2013. 

[9] [9]  M. Saito, N. Matsui, " A single-to three-phase matrix converter for 
a vector-controlled induction motor ", Industry Applications Society 
Annual Meeting, 2008. 

[10] [10]  Huber, H. George, " Phase Converters, Their Application and 
Current Demand ", IEEE Transactions on Industry and General 
Applications, vol. 2,  pp. 280-284, 1965. 

[11] Holmes, P.G., " Single-to 3-Phase Transient Phase Conversion in 
Induction Motor Drives ", IEE Proceedings B-Electric Power 
Applications, vol. 132, no. 5, pp. 289-296, 1985. 

[12] M.H. El-Maghraby, R.H. Thejel, M.M. Ibrahim, " New approach for the  
anlaysis  of a three-phase induction motor of different ratings connected 
to a single-phase supply ", IEE Proceedings B (Electric Power 
Applications), vol.139, no. 3, pp. 145-154, 1992. 

[13] D.C. Lee, Y.S. Kim, "Control of single-phase-to-three-phase 
AC/DC/AC PWM converters for induction motor drives ", IEEE 
Transactions on Industrial Electronics,  vol.54, no.2, pp. 797-804, 
2007. 

 

 

 

 

360 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



       
 

 

 

Abstract - This paper introduces a 
2H  sub-optimal approach 

to design state feedback controllers for switched system with 
parameter uncertainty. Minimum dwell time stability analysis 

techniques are revisited and combined with the 
2H -optimal 

control to obtain a robust state feedback controller for switched 
systems. Two kinds of Lyapunov functions have been used to find 
a switched controller, the time varying and constant controller 
gains have been given for the switched system. The proposed 
approaches have been illustrated by means of examples. 

 
Keywords - 

2H -optimal control, Switched Systems, Lyapunov 

function, Minimum Dwell time. 

 

I. INTRODUCTION 

witched systems appear in many applications such as auto 
pilot design, heating systems, automatic transmissions, 

communication networks, DC-DC converters automotive 
engine control, and so on. Such switched control systems may 
consist of locally designed controllers switched according to a 
logic rule designed to meet the desired control objectives [1].  

In the last years, the analysis and synthesis of switched 
systems have got more attention because of their importance in 
both theory and applications. For the stability analysis and 
control design of switched systems, many important methods 
have been investigated by several researchers so far (see [2 14] 
and references therein). For the stability analysis issue, various 
techniques have been mentioned such as common quadratic 
Lyapunov function method, multiple Lyapunov functions 
method, average and minimum dwell-time methods [9 17]. In 
most cases, common quadratic Lyapunov method does not 
provide a solution for given switched systems due to its 
conservativity. Multiple Lyapunov function method provides 
the asymptotic stability of the switched system for any 
switching signal, if the all subsystems are stable and the time 
interval between two consecutive switching instants is 
sufficiently large. From this, minimum dwell time switching 
theories have been developed in recent works to guarantee 
stability of switched linear system and obtain minimum dwell 
time between two consecutive switching [7 10].  

Optimal control methods, which are part of the modern 
control theory, play an important role in many feedback control 
design. Optimal control focuses on the minimization of a 

performance index (PI) that depends on the system matrices. 
The PI might contain, for example, information of control 
effort, information of operating error, or any other features 
which are necessary to the user of control system. The main 
purpose of optimal control theory is to determine a control 
signal that satisfies the terminal state constraints and also 
minimize the PI [18].  

In the current work, we address the 
2H -optimal control 

problem, and state feedback controller synthesis for switched 
systems with dwell time. In this case, the switched system 
parameters have polytopic uncertainty. In [5], conservatism of 

the robust H  design is reduced by using a piecewise linear 

quadratic Lyapunov function in time. In [6], stability and 
stabilization problem of switched linear systems with dwell 
time are solved by using the same function. In [8], this function 

is also used to find and minimize the 
2L -gain of uncertain 

switched linear systems with dwell time. Using the same 
function, robust filter is designed in [19]. We apply here the 

same Lyapunov function to 
2H -optimal control in order to 

minimize sensitivity of the system output to a zero mean white 
noise input.  

This paper is as follows: A minimum dwell time stability 
analysis is presented in Section 2. The new approach to 
compute the robust state feedback switched controller is given 
in Section 3. There illustrative examples about the proposed 
approaches are given in Section 4. Finally, Section 5 gives 
conclusions.  

Notation:  denotes the trace function for square 

matrices. The hermitian operator  is defined as 

. For symmetric matrices,  

indicates that  is positive definite (semi-definite). A 

symmetric matrix 
R

Q

Q

P
T

 is denoted by
R

QP

*
. n  stands 

for the dimensional Euclidean space. qp is the set of all 

 real matrices.  is set of natural numbers. 

II. PRELIMINARIES 

A switched system with polytopic uncertainty is defined as 

      (1) 
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Where  is the state, 
0x  is initial condition, 

,  is the exogenous input and  

represents the switching rule between system matrices 

. The uncertain system matrices are 

assumed to reside within the following polytope: 

N

j jj
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         (2) 

where  is the index of the polytope vertices and N denotes 

number of polytope vertices.

Definition 1: Dwell time is a time-interval between two 
switching instants . It is assumed to be equal or 

greater than a minimum dwell time  

for . 

Definition 2: Consider the index of the initial subsystem, 

 and the commutation instants
21

, where 

 and . If the minimum dwell time 

between two switching instants is divided into H  equal 

sampling time intervals, then 
hl ,
 is defined as 

 for , and
0,ll

. The time-

varying Lyapunov function is defined as 

                      (3) 

where
)(t

which is in according to , 

defined as: 

.,0

,,

,,
/

)(

1,

0,1,,
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0
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hlhl

d
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hihihi

i

         (4) 

where , the number of the switching is defined 

as and where H  is given a positive integer. This 

definition shows that the matrices )(tPi
 are constant and equal 

to 
HiP ,0

 before the first switching instant. During the minimum 

dwell time, the matrices )(tPi
change linearly. After the 

minimum dwell time, and before the following switching 

instant, the matrices )(tPi
are constant and equal to

HiP ,
. 

 Based on the time-varying Lyapunov function, the 
following lemma deals with the stability of a switched system 
with polytopic uncertainty. 

Lemma 1 ([6]): For a given , if there exist a set of 

positive definite matrices 
,hi

 

 

and : 

,0
/

)(
,

,1, j
ihi

d

hihi APHe
HT

PP
          (5a) 

,0
/

)(
1,

,1, j
ihi

d

hihi APHe
HT

PP
          (5b) 

where  and 

                 (5c) 

 and          (5d) 

then the system (1) with the uncertainty (2) is globally 
asymptotically stable for any switching rule with dwell time 

that is greater than the minimum dwell time, 
dT  (see [6], for 

detailed proof). 
Note that, before the first switching, the decreasing of the 

Lyapunov function is proved by the condition (5c). During the 
minimum dwell time, the conditions in (5a-b) prove that the 
Lyapunov function is decreasing. Then, the condition in (5c) 
proves that  is decreasing, after the minimum dwell time 

and before the next switching. During the switching instants, 
the Lyapunov function is proved to be non-increasing by the 
condition in (5d) [6]. 

The Lyapunov function (3) uses the same Lyapunov matrix 
(12) for all vertices of the subsystems. Hence, it is more 
conservative with regards to the stability conditions. This 
conservatism issue is reduced by using the time-varying and 
parameter (vertex) dependent Lyapunov function [6]. 

Definition 3: Time-varying and parameter dependent 
Lyapunov function is 

N
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defined as:  
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where   the number of the 

switching is defined as  is given a positive integer. 

Note that, the difference between (3) and (6) is that Lyapunov 
matrices in (6) depend on the sub-polytopes vertices [6]. 

Based on the time-varying and parameter dependent 
Lyapunov function, the following lemma deals with the stability 
of a switched system with polytopic uncertainty. 

Lemma 2 ([6]): For a given , if there exist a set of 

matrices 
hihi ,,
 and positive definite matrices  

, such that, for all 

and  the following conditions hold 
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where  and 
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and                 (8d) 

then the system (1) with an uncertainty (2) is globally 
asymptotically stable for any switching rule with dwell time 

that is greater than minimum dwell time, 
dT  (see [6], for 

detailed proof). 
 In this work, Lemmas 1 and 2 are used to find a stabilizing 
switched state feedback controller as in following section. 
 

III. ROBUST CONTROLLER DESIGN 

In this section, we combine the standard 
2H -optimal control 

and the minimum dwell time methods mentioned in the 
previous section. In addition, it allows us to design the state 

feedback 
2H -optimal controller for the switched system with 

polytopic parameter uncertainties. Here, the sensitivity of the 
system output to a zero mean white noise input w is minimized 

by using 
2H optimization technique. 

Lemma 3 (
2H -gain [21]): Consider a linear time-varying 

system, 

                  (9) 

                    (10) 

where w  is the exogenous input and  is the system output. If 

there exist symmetric matrices,  and ,Z  then 
2H -gain 

of the system given in (9)-(10) is less than  if the following 

conditions hold: 
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For a switched system, Q  is defined as:  with 

 and where  is defined as: 
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where , the switching index is defined as  

and H is given a positive integer. Using Lemmas 1 and 3, the 
following Theorem is given for the state feedback controller 
gain. 

Theorem 1: For a given , if the set of matrices 
hiL ,

of 

compatible size and the collection of symmetric matrices, 

Z and 
,hi

satisfy the following 

and : 
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then there exists a state-feedback regulator  which is 

in according to , defined as: 
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where and 
hihi Q ,,Q  

, such that the closed-loop system 

(system (1) with (13) and uncertainty (2)) is quadratically 
stable for any switching rule with a dwell time that is greater 

than the minimum dwell time, 
dT and such that the 

2H -gain 

from w   to   is less than or equal to . To get 

the best upper bound, we need to minimize . Note that 

this theorem provides a state feedback gain which is time 
varying during the dwell time. 

In most cases, a time varying controller may not be desirable 
for the switched systems, so a time invariant state feedback 
controller can be designed using the following lemma. The 
parameter (vertex) dependent Lyapunov function (6) is used to 
reduce the conservatism in Lemma 2. Hence, we combine with 

this lemma and 
2H -optimal control approach in Lemma 3, and 

then design a time invariant state feedback controller for the 
switched system with polytopic parameter uncertainty. 

The time-varying and parameter dependent positive definite 

matrix, )(
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where , , the number of the 
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switching is defined as and H  is given a positive 

integer. Using Lemmas 2 and 3, the following Theorem is 
given for a time invariant state feedback controller gain. 

Theorem 2: For given scalars  and 0dT , if the set 

of matrices,  and  are of compatible size and the 

collection of symmetric matrices, Z  and  

 , satisfy the following 

and : 
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then there exists a state-feedback regulator defined as: 

 such that the closed-loop system (system (1) with 

iK  and uncertainty (2)) is quadratically stable for any 

switching rule with a dwell time that is greater than the 

minimum dwell time, 
dT and such that the 

2H -gain from w  to 

 is less than or equal to . To get the best upper 

bound, we need to minimize . 

IV. EXAMPLES 

Example 1 (Uncertainty): Consider the system taken from [20] 
where the uncertainty is added to the subsystems  

21
            (15) 

The stability of the system is proven by using Lemma 1 and 
Lemma 2. The minimum dwell time results for different 
uncertainty values are given in Table 1 and 2. 

Table 1: Minimum dwell time, results of Lemma 1 

 0 0.2 0.4 0.6 0.8 

1 0.8538 1.2443 1.9696 3.8055 21.4936 

2 0.7460 1.1324 1.7168 3.1325 14.8181 

5 0.6727 1.0537 1.5607 2.7588 11.7833 

10 0.6503 1.0049 1.4918 2.5549 10.8656 

100 0.6267 0.8644 1.3594 2.0091 9.39750 

Table 2: Minimum dwell time, results of Lemma 2. 

 0 0.2 0.4 0.6 0.8 

1 0.8538 1.2333 1.8882 3.2652 7.6227 

2 0.7460 1.1248 1.6536 2.7175 6.0128 

5 0.6727 1.0504 1.5150 2.4186 5.2460 

10 0.6503 1.0039 1.4649 2.2631 5.0168 

100 0.6267 0.8643 1.3450 1.9564 4.7364 

Tables 1 and 2 show that a less conservative result is found 
when H  is increased. In addition, Lemma 2 always finds the 
smallest

dT . This proves that Lemma 2 gives less conservative 

results than Lemma 1 due to using parameter dependent 
Lyapunov function (6). These results encourage us to use 
Lemma 2 in the controller design approach. 

Example 2 (Controller Design): We consider the system (1) 
with 

1A and 
2A same as in Example 1 and 

      (16) 

where the uncertainty is assumed to be . We seek the 

uncertain system (15) that satisfies the same dwell time as in 

the nominal system (when the uncertainty, ). Therefore, 
this can be achieved using the state feedback controller design 
Theorems 1 and 2. 

To apply the robust controller design theorems in Section 3, 
the system is defined as: 

2,1,21 uu
 (17) 

with  and , Theorem 1 gives 

1,11,1

2,12,1

 

  

The upper bound on the closed-loop 
2H -gain is  

and the time varying switched state feedback controller is 
computed with (13). 

Using Theorem 2, with , and , 

we get  for 
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which the upper bound on the closed-loop 
2H -gain is 

. 

The system is simulated with a periodic switching sequence 
. Here, the parameter 

uncertainty is chosen as . The responses of the open 
loop switched system are given in Figure 1 which shows that 
the system is unstable. Here, x1 and x2 represent the states of 
the system.  Figure 2 presents the trajectory responses of the 
closed-loop (controlled) switched systems with respectively a 
time varying and constant controller gains that are 
asymptotically stable. 

 

 
Figure 1: Open-loop responses. 

 

 
Figure 2: Closed-loop responses. 

 
As it can be seen, the proposed control strategies can 

stabilize an uncertain switched system with a given dwell time. 
The constant controller is slower but has a smaller 

2H -gain 

bound than the time varying controller. 

V. CONCLUSION 

In this paper, an 
2H sub-optimal state feedback controller 

synthesis method for switched linear systems with dwell time is 
presented. A time varying Lyapunov function and a parameter 
dependent Lyapunov function have been used to design a 

switched state feedback controller with 
2H bound guarantees. 

These approaches have been applied to illustrative examples. 
In our future research, we intend to apply the proposed 

controller design strategies to more complex systems. 
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Abstract - Increasing use of renewable energy sources every day 
increases the importance of studies to ensure that these resources 
can respond to needs in an uninterrupted and predictable manner. 
In this study, a wind speed predictor which gives the lowest error 
for different delay step numbers with different k-fold cross-
validation values is obtained by using regression learning from 
machine learning methods. The next step wind speed is predicted 
using the past temperature, pressure, humidity, solar radiation 
values applied to the model's input. Model performances are 
presented in different forms such as Mean Absolute Error (MAE), 
Mean Squared Error (MSE) and Root Mean Squared Error 
(RMSE), and the model performances obtained for the different 
parameters are compared with MAE, MSE and RMSE from the 
statistical error criteria. The predicted wind speed and actual wind 
speed are plotted together. In addition, the regression curve for the 
best model is plotted. It is seen from the obtained results that the 
different valued k-fold cross-validation method affects the model 
performance. Also, the effect of the number of steps of delay in this 
study with different k-fold cross-validation method is examined.  
 

Keywords - Wind Speed, Prediction, Cross Validation, 
Regression, Machine Learning. 
 

I. INTRODUCTION 

N many countries, the number of network integrations of 
renewable energy sources, especially wind energy, is 

increased day by day because these resources must be clean and 
efficient [1, 2]. Due to the intermittent structure, studies on the 
elimination of adverse effects of high power plants based on 
wind energy on the network are carried out importance [2, 3]. 
In order to solve the operating problems of wind power plants, 
the wind speed is need to accurately predict [2, 4]. In addition, 
the wind speed time series is a non-linear structure with no 
normal distribution [2]. Therefore, it is expected that the created 
model for estimating the wind speed will give accurate and 
reliable results [4, 5]. In the literature, created models for wind 
speed prediction are contained different approaches based on 
numerical, statistical or machine learning. The validation step 
is applied to increase the generalization ability of the developed 
forecasting model and focus on the pattern in data instead of 
data of the model, and to avoid over-fitting [2, 8]. In this study, 
a 10-minute wind speed prediction is performed using Gaussian 
SVM (G-SVM) and Regression Trees methods, which take 

multiple independent variables as input such as humidity, 
temperature, pressure and solar radiation. Models are generated 
by k-fold cross validation method which has different k values 
in the training phase of the study and the model giving the least 
errors for different delay step numbers is obtained. 

For the integration of wind, prediction models such as 
Multiple Linear Regression, K-Nearest Neighbors, Regression 
Trees and Random Forests are developed by using geographic 
position variables such as latitude and longitude with technical 
features such as rated power, commission year, hub height and 
rotor diameter. In the estimation study, different dependent 
variables are selected and the training phase is performed by 
repeating 5 times with 4-fold cross validation [1]. The short-
term wind speed estimation is done by using Empirical Mode 
Decomposition (EMD) method and its derivatives with the 
models generated by combining Artificial Neural Network 
(ANN) and Support Vector Regression (SVR) methods. 5-fold 
cross validation is used during the training phase and the model 
performances are given as Root Mean Squared Error (RMSE) 
and Mean Absolute Error (MAE) [2]. The 1-hour average wind 
speed estimation is made for the selected attribute with 
correlation and attribute selection and (Multi-Layer Perceptron) 
MLP-based wrapper method. The proposed method is tested for 
five different station data. 10-fold cross validation is used 
during model training phase and the performance of the model 
is measured by MAE, the Mean Absolute Percentage Error 
(MAPE) and the index of agreement (IoA) [3]. The wind speed 
estimation for a time slot from 1 hour up to 24 hours is done by 
using the SVR method which optimized parameters with the 
Genetic Algorithm (GA). The proposed method is compared 
against the persistence model, and autoregressive models such 
as AutoRegressive (AR), AutoRegressive Moving Average 
(ARMA), and Auto-Regressive Integrated Moving Average 
(ARIMA) tuned by Akaike's Information Criterion and 
Ordinary Least Squares method. For model training, 10-fold 
cross-validation method is applied and model performance is 
measured by MAE, RMSE [4]. Using the one-minute time 
series, the prediction of the next wind speed is performed with 
the Nonlinear AutoRegressive (NAR) neural network model for 
different network parameters. The predicted values of wind 
speed obtained are compared with predicted values of wind 
speed obtained with filter methods. A 10-fold cross-validation 
method is applied in the training phase of the model [5]. First 
and second order curve fitting coefficients are obtained on 
independent variables such as humidity, temperature, pressure, 
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solar radiation. Before these coefficients are applied directly to 
the Nonlinear AutoRegressive eXogenous (NARX) network 
structure, the most suitable features are selected with ReliefF 
method to minimize the Mean Squared Error (MSE) value. 
Then, a short-time wind speed estimation is carried out with the 
NARX neural network. The developed models for different 
parameters are trained by 10-fold cross-validation method. The 
performance of the obtained model is measured by MAE, MSE 
and RMSE [6]. Wavelet Decomposition and ANN based wind 
speed prediction model are developed. Half of the annual data 
set used for training phase and other part is used for the test 
phase. The model performance is measured by MAPE and 
MAE [7]. One-day-ahead mean hourly wind speed estimation 
is done NARX model. With the help of AutoRegressive 
Integrated Moving Average (ARIMA) identification results, 
cross validation errors are minimized by the Fibonacci search 
method to select the best lag structure and the only adjustable 
parameter [8]. 

In this study, short-term wind speed prediction is made by 
using 1-month wind speed, temperature, pressure, humidity and 
solar radiation data consisting of 10-minute bars. In the 
preprocessing step, a moving average area filter with a filter 
length of 10 is used on the data. Then, models are developed for 
predicting wind speed with SVM based on Gaussian kernel and 
Regression Trees methods. The k-fold cross validation method 
is used during the training phase. The performance of the 
prediction model is investigated by changing the number of k 
to 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50. Statistical 
indicators such as MAE, MSE and RMSE are used to express 
model performance. Also, the predicted wind speed versus real 
wind speed for the best model is plotted. It is observed that the 
performance of the created models varied for the selected k-fold 
number during the training phase. By taking this situation into 
consideration, the best model is determined and presented in the 
Simu  section. This article is 

organized as follows: models and methods are presented in 
Section II. Simulation and experimental results are given in 
Section III. Conclusions are finally discussed in Section IV. 

II. MODELS AND METHODS 

In this study, the prediction of the next step wind speed is 
done by using one-month meteorological variables such as 
wind speed, temperature, pressure, humidity and solar radiation 
which are consisted from 10-minute time series. Statistical 
values for the used meteorological data is given in Table 1. 

Table 1: Statistical values of meteorological parameters. 

Parameters Max. Min. Mean Std. Dev. 

Wind Speed 
(m/s) 11.03 0.08 2.35 2.21 

Temperature 
( C) 28.22 2.37 12.38 6.11 

Humidity 
(gr/m3) 99.00 18.50 69.75 19.28 

Pressure  
(mbar) 1032.7 1000.5 1021.4 6.54 

Solar radiation 
(W/m2) 395.80 0.00 43.60 89.25 

 

In the preprocessing step, a moving average filter with a filter 
length of 10 is applied to all data. Meteorological variables are 
taken as an input for predicting the wind speed. The prediction 
models are constructed with Regression Trees method and 
Gaussian kernel based SVM method, respectively. The k-fold 
cross validation method is applied to the prediction models 
during the training of models. The number of delay steps is 
tested for values 3, 4, and 5. The k-fold number is also applied 
to the models by changing the number of k to 2, 3, 5, 10, 15, 20, 
25, 30, 35, 40, 45 and 50. Model performances are compared 
with each other and the best model is determined.  

A. Regression Trees 

Regression trees is a decision tree made up of leaf nodes and 
branches, which can predict continuous numerical values [9]. 
In this method, a tree structure is firstly created. The parts of the 
sub-brunches that are not associated with the dependent 
variable are pruned. The process continues until the absolute 
error between the real and the predicted value is at the minimum 
value. As a result of this stage, the most suitable tree structure 
is obtained [9]. In this study, split and prune criterions are taken 
as MSE. Minimum number of parent and minimum number of 
leaf are selected as 10 and 4, respectively. 

B. Support Vector Machines 

SVM method is an effective data mining tool used in multi-
class classification problem and in regression problems where 
there is a nonlinear relationship between dependent and 
independent variables [10]. A support vector machine generates 
an n - dimensional hyperplane that optimally divides the data 
into two categories. The selection of the kernel function of the 
DVM affects the classification / regression performance [10]. 
In this study, the Gaussian kernel is used because the 
relationship between input and output in the data set is 
nonlinear. In this study, the Gaussian kernel function is used in 
SVM model because the relationship between input and output 
variables is non-linear. 

C. Training Stage of Models 

In the k-fold cross-validation method, the X data set is 
randomly divided into k pieces of equal size, and each fold is 
used for test purposes and others for training purposes. The 
overall performance of the model is calculated by taking the 
averages of the classification / prediction performances for all 
folds [10]. 10-fold cross-validation process is given in Figure 1. 
E notation refers to the success of the k-fold operation. Overall 
performance of the model is calculated by  notation. 

 
 
 
 
 

 

 

 
 
 

Figure 1: 10-fold cross-validation process. 
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D. Statistical Error Indicators 

After prediction stage, the error criteria can be used to 
represent numerically model performance as shown in Table 2. 
The difference between the real time series and the predicted 
time series arises as an error, . It is given in (1). 

 
 (1) 

E. Statistical Error Indicators 

The linear relationship between the actual value and the 
predict value is shown by the regression curve and the 
prediction graph is plotted for the best model. 

Table 2: Statistical error criteria. 

Error Criterion Equation 

 

Mean Absolute Error (MAE)  

 

 

 

Mean Squared Error (MSE)  

 

Root Mean Squared Error 

(RMSE) 
 

F. Box and Whisker Graph  

Box and Whisker Graph is a tool, developed by John W. 
Tukey in 1977, that explains the data array with six different 
properties in descriptive statistic [11, 12]. These properties are 
defined as first quartile (Q1), second quartile (Q2), third 
quartile (Q3), lower whisker, upper whisker and outliers. A 
sample Box and Whisker Graph is shown in Figure 2. 

 

Figure 2: A sample Box and Whisker graph. 

 
To draw Box and Whisker Graph, firstly the data array is 

sorted from smallest to largest one to find median value. The 
median value separates the data sequence into two separate 
clusters and is called the second quartile (Q2). After the median 
is removed, median values of the two clusters are obtained in 

the rest of data array. The median value of the first data cluster 
is called the first quarter (Q1) and the median value of the 
second data cluster is called the third quarter (Q3). The box is 
drawn with values Q1, Q2 and Q3. The whiskers indicate the 
spread of the data array. The minimum and maximum values of 
the data array form the whiskers, and the difference between 
these two values expresses the spread. After the lower limit and 
the upper limit are calculated according to the formulas Q1-1.5 
(Q3-Q1) and Q3 + 1.5 (Q3-Q1), respectively, values of out of 
these limit values are defined as outliers in the data array. After 
this step, the lower and upper whiskers are redrawn taking into 
account the outlier values in the data array. In the study, the k-
fold cross validation is repeated 30 times and the MAE, MSE, 
RMSE model errors are shown in the box-whisker graph. 

III. SIMULATION AND EXPERIMENTAL RESULTS 

The next step wind speed prediction is done by using one-
month meteorological data taken from wind power plant in 
Zonguldak. The data consists of variables such as wind speed, 
temperature, pressure, humidity and solar radiation. Moving 
average filter with filter length of 10 is used for the variables on 
the time series. Wind speed prediction is performed on the data 
obtained by min max normalization process. The prediction 
models are constructed with Regression Trees method and 
Gaussian kernel based SVM method, respectively. The k-fold 
cross validation method is used in the training phase of the 
models. The success of the prediction model is examined by 
changing the number of k to 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 
45 and 50. The effect on the performance is also investigated 
by changing the number of delay steps 3, 4, 5 on the dependent 
variables. It is also investigated the effect on the performance 
by changing the number of delay steps 3, 4 and 5 on the 
dependent variables. Box-Whisker graphs are examined for all 
cases. The real vs predicted graph and regression graph are 
drawn for the best prediction model. 

Simulations are run out in MATLAB environment. MAE, 
MSE, RMSE change graphs are given in Figures 3-8, depending 
on the number of k-folds and the number of delay steps. When 
MAE, MSE and RMSE graphs are examined for both models, 
reducing the number of delay steps appears to have a positive 
effect on performance. When MAE graphs are examined for 
both models, MAE values decrease as the number of k 
increases. When MAE values in box-whisker graphs are 
examined for Regression Trees and G-SVM in different k-fold 
value, it is seen that the spread of the boxes, it is seen that the 
spread of the boxes in the regression trees method is higher than 
those in G-SVM method. It can be said that the G-SVM method 
gives a more generalized wind speed prediction model than the 
regression trees method. When the change of the MSE values 
for the number of delay steps and each k fold is examined, it is 
seen that the G-SVM method is superior to the Regression 
Trees method. For k = 40 and lag = 3, the G-SVM model is the 
most successful model with the lowest MSE value for wind 
speed prediction. For this model, the real vs. predicted plot is 
shown in Figure 9 and the regression plot is shown in Figure 
10. Graphs also show that the model is successful and the error 
level is low. 
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Figure 3: MAE change due to the number of delay steps and k-fold 

cross validation values for Regression Trees method. 

 

 
Figure 5: MSE change due to the number of delay steps and k-fold 

cross validation values for Regression Trees method. 

 

 
Figure 7: RMSE change due to the number of delay steps and k-fold 

cross validation values for Regression Trees method. 

 

 
Figure 4: MAE change due to the number of delay steps and k-fold 

cross validation values for G-SVM. 

 

 
Figure 6: MSE change due to the number of delay steps and k-fold 

cross validation values for G-SVM. 
 

  
Figure 8: RMSE change due to the number of delay steps and k-fold 

cross validation values for G-SVM. 
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Figure 9: Wind speed prediction by G-SVM method (for 40-fold 

cross validation and delay step = 3). 
 

 
Figure 10: Regression plot for G-SVM method (for 40-fold cross       

validation and delay step = 3). 

IV. CONCLUSION 

In this study, wind speed prediction is made with Regression 
Trees and G-SVM methods by using 10-minute meteorological 
data obtained from the wind power plant in Zonguldak 
province. Variables such as temperature, pressure, humidity 
and solar radiation are applied to the models developed to 
predict the wind speed. The model training phase is performed 
by k-fold cross validation method for different k values. It is 
seen that model performance decreases with increasing number 
of delay steps. It is seen with the help of Box-Whisker graph 
which the model performance increases with increasing k-fold 
number. It is seen that the model obtained by G-SVM method 
is the model which gives the lowest wind speed prediction error 
for the model delay number 3 and 40-fold cross-validation 
method. In addition, it is shown that the performance of the 
wind speed prediction model is high via visual and numerical 
values such as the regression curve and the Pearson correlation 
coefficient. 
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Abstract - Cognitive Radio (CR) concept mentioned and 
developed in 2000s with the aim of using spectrum more 
efficiently by allowing unlicensed users to access licensed bands 
without harmful interference that a
of service (QoS). Total achievable throughput maximization of 
the CR system is the next step for efficiency. In this paper, we 
will investigate the optimal sensing time that maximizes the total 
achievable throughput under sensing-based spectrum sharing 
(SSS) dynamic access scheme which has high and low power 

average interference constraint which protects licensed user from 
harmful interference caused by unlicensed user because of 
imperfect sensing and average total transmit power constraint 
which helps CR devices establish reasonable long term power 
budgets are introduced. We will discuss the effects of these 
constraints on optimal sensing time. We also consider a penalty 
condition which effects optimization of sensing time. We compare 
the optimal sensing time with and without penalty condition. 
Finally, we give simulation results to validate our analysis.  
 

Keywords  Optimal sensing time, cognitive radio, dynamic 
spectrum access, throughput maximization 
 

I. INTRODUCTION 

NCREASING number of wireless applications require the 
efficient  utilization of limited radio spectrum and therefore 
create the need for unconventional spectrum sharing 

schemes. The concept of cognitive radio (CR), which provides 
efficient utilization of the limited electromagnetic spectrum, 
was first proposed by Joseph Mitola III in a seminar at the 
Royal Institute of Technology in Stockholm (KTH), in 1998. 
CR systems increase the efficiency of spectrum utilization by 
allowing unlicensed users to access the licensed bands by 
detecting the unused spectrum assigned to licensed users. CR 
first detects f the channel is idle, 
CR can use that channel and helps efficient spectrum usage; if 
the channel is busy, CR can either use the channel with a 
relatively low power setting or shutdowns some operations to 
save power which is a crucial operation for battery powered 
devices. In both cases, resources are used efficiently. 
 The basic tasks of cognitive systems can be classified as 
spectrum sensing, spectrum analysis, and spectrum access 
decision. It is known that spectrum sensing is a crucial task in 
cognitive networks, which must be performed before the 
cognitive user's access to the licensed spectrum in order to 

limit the harmful interference that effect primary users  (PUs) 
activity. Dynamic spectrum access can be explained as finding 
spectrum holes by sensing one or more channels and using 
these holes with associated channel parameters. Three 
different access schemes evaluated so far. One is opportunistic 
spectrum access (OSA) in which secondary user (SU) only 
transmits in the idle channels. The second one is called as  
spectrum sharing in which multiple users share the same 
channel . The last one, sensing-based spectrum sharing (SSS) 
is the hybrid version of the previous two schemes.  
 

 
Figure 1: Frame structure of cognitive radio 

 

Every CR network has a frame structure consists of sensing 
and data transmission portions  as shown in Figure 1. In 
sensing portion of the frame, CR listens to its environment, 
and determines the channel state. In data transmission portion 
CR accesses the channel and starts the communication. For the 
channel's status only two possible situations exist: busy or 
idle; therefore spectrum sensing for spectrum access is a 
binary hyphotesis case. SSS scheme uses a high power 

configuration ( ), when the channel is detected as idle 

whose probability for  channel represented with  and 

uses a relatively low power configuration ( ), when the 

channel is detected as busy whose probability for  channel 
represented with  where subscript s  

user. Since the second situation cause interference to primary 
user, primary user  be protected 
by introducing average interference constraint. 

It is clear that tradeoff between sensing time and total 
achievable throughput is a critical issue. This problem is 
investigated in [5] under energy detection for spectrum 
sensing strategy for single channel. In [6] optimal sensing time 
is investigated where OSA scheme used as spectrum access 
strategy for wideband operations which only uses idle slots for 
transmission. [7] studied OSA and SSS for wideband 
operations under average interference and average total 
transmit power constraints and compared results. Authors of 
[8] examined instantaneous constraints and average 
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constraints for long term achievable throughput and proved 
that an average power constraint leads to higher total 
achievable throughput.  

In this paper, we will investigate optimal sensing time that 
maximizes total achievable throughput for SSS scheme under 
average interference constraints and average total transmit 
power constraint using energy detector technique which is 
easy to implement and also has low cost. We also consider 
that sensing is not always perfect and miss detections or false 
alarms occur. Different from [7], we also consider a penalty 
condition for the optimization problem and compare the 
results. 

The rest of the paper is organized as follows:  in Section 2 
we explain the channel model and possible scenarios. 
Formulation of the problem and a simulation algorithm will be 
given in Section 3. Results of the simulations are evaluated in 
Section 4 and Section 5 is where we give conclusions. 

II. SYSTEM MODEL 

CR network consists of PU transmitter (Tx), receiver (Rx) 
and SU Tx and Rx which are in the same geographical area as 
seen in Figure 2. 

 

 
Figure 2: Cognitive radio network with channel power gains 
 

Figure 2 also shows us the instantaneous channel power 
gains between PU-Tx and SU-Rx, SU-Tx and PU-Rx , SU-Tx 
and SU-Rx for the  channel respectively,   . 

The channels are assumed to be flat fading and channel gains 
are assumed to be ergodic stationary and known at the 
secondary users.  

Energy detector gets measurements according to sampling 
rate and compares the measured value with a predefined 
threshold to determine channel state. When the spectrum 
sensing is not perfect, as shown in Figure 3, interferences are 
inevitable.  e 
detected as idle, which means miss detection, transmission is 

 

 
Figure 3: Imperfect sensing, A: active, P: Passive, MD: Miss 

Detection and FA: False Alarm 
carried out by SU with high power configuration and that 

causes harmful interference on PU. 
Probability of detection and probability of false alarm for a 

certain threshold can be formulated as; 
 

                 (1) 

                    (2) 

 
where  is the detection threshold of the detector for   

channel,  is the noise variance,   is the received SNR from 

PU at the SU detector,  is the sampling frequency, and  is 
the standard normal (Gaussian) cumulative distribution  
function, respectively [5]. 

III. PROBLEM FORMULATION 

We are trying to find optimal sensing time that maximize 
the SU's 
maximization depends on the optimization of the sensing time. 
Instantaneous transmission rates for possible scenarios are 
given below in Table 1. 

 
Table 1: Instantaneous transmission rates according to primary user 

activity and secondary user decision 

PU Activity SU Decision Insta. Trans. Rate 

passive Idle  

passive Busy  

active Idle  

active Busy  

 
According to the given definitions, instantaneous transmission 
rates are given below. 
 

                       (3) 

 

                   (4) 

 

                 (5) 

 

                 (6)  

 

Thus, the average throughput of the  channel for SU under 
SSS can be formulated as follow. 
 

 

  

 

                               (7) 
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In Equation 7, sensing time is ignored for time being. 

and are probabilities that channel is idle 

and busy respectively. Average interference constraint that 
limits the harmful QoS and 
average total transmit  power constraint that helps long term 
power budget  are given in (8) and (9) respectively. 
 

            (8) 

 

                 (9) 

 
where  represents the average power constraint,  is 
average interference constraint and  is the expectation 
operator. Now the problem is maximization of achievable 
throughput under these constraints. 
 

                      (10) 

Subj. to (8), (9), ,  ,  ,  

 
Above optimization problem is convex with respect to the 

transmit powers  but not with respect to sensing 
time . According to sensing time probability of false alarm 
changes which directly affects the overall throughput.  
However, knowing that sensing time  relies on the frame 
duration T makes it easy to find it by using an exhaustive 
search. In this manner above optimization problem can be 
maximized with respect to transmit powers and then optimal 
sensing time can be evaluated by using an exhaustive search 
algorithm. Optimal power allocation strategy of the CR system 
that maximizes ergodic capacity can be solved by using 
Lagrangian form given in (11). 
 

 

  

 

            (11) 

 
Solution for (11) can be countered by solving dual function 

of the Lagrangian and optimization can be evaluated by taking 

supremum of (12) with respect to transmit powers . 
 

                           (12) 

 
 [11], duality gap between 

primal function and dual function is zero which means 
solution for the dual function is also solution for the primal 
optimization function.  

As given in [7], dual problem (12) can be solved in two 
subproblems. By finding supremum of Lagrangian with 

respect to , subproblems are given as follow. 
 
Subproblem 1 (SP1): 
 

   

   

           (13) 

 
Subproblem 2 (SP2): 
 

   

   

           (14) 

 
Above subproblems SP1 and SP2 are convex optimization 
problems. If we write Lagrangians and apply Karush-Kuhn-
Tucker conditions, we find the optimal power strategy as: 

 

                                            (15) 

 

                                            (16) 

 
where; 

 

                                (17) 

 

      (18) 

 

                                (19) 

 

      (20) 

 
where  ,  . 

Optimal power strategy is defined with respect to 
interference and total average power constraints while 
maximizing the ergodic capacity. As seen from the formula 
optimal values of  and  should be evaluated. According to 
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the problem formulation section a small algorithm routine is 
shown below. 

 
Algorithm 1:  

1. Initialize channel parameters 
2. Find upper bound for  and  matrices with  

steps until   
3. For  

- Calculate  matrix  
- Find  matrix 

- Take maximum of total achievable throughput 
matrix  

End 
4. Optimal sensing time and power allocation 

evaluation. 

  

 

 
 As seen from (10), if sensing time increases, total 
achievable throughput decreases. Knowing this dependency 
helps us consider a penalty term in (10) which is: 
 

                                                                              (21) 

 
where K is the weight constant, T and  in seconds, 
respectively [11]. Optimization problem with penalty term 
now expressed as: 
 

  (22) 

Subj. to (8), (9), ,  ,  ,  

 
When we repeat the previous optimization steps in (11), (12), 
(13), and (14), we will find exactly the same power strategy as 
in (15) and (16) with parameters in (17), (18), (19), and (20). 
Another algorithm for the simulation of the optimization 
problem (22) is given below. 
 

Algorithm 2:  
1. Initialize channel parameters 
2. Find upper bound for  and  matrices with  

steps until   
3. For  

- Calculate  matrix  
- Find  matrix  

- Take maximum of total achievable throughput 
with penalty matrix  

End 
4. Optimal sensing time and power allocation 

evaluation. 

  

 

 

 
Figure 4: Throughput vs sensing time, , , 

,   = 0.09,  

 

IV. RESULTS 

We made simulation studies for one narrowband channel; 
however it is easy to generalize the simulations for multiple 
channel case. Frame duration is 100 ms, primary user 
transmission power  target detection probability 

is 0.9 and channel power gains are ergodic, stationary and 

simulations. 
Figure 4 shows the maximum achievable throughput versus 

sensing time with . It 
is seen that for almost three configurations, optimal sensing 
time   is around  which is identical to findings in 

[5]. Another conclusion can be made for average transmit 
power constraint and throughput tradeoff. It is seen from 
Figure 4 that if constraint limit is high, which means SU can 
transmit with higher power settings, 
throughput increases as expected.  

As we optimize sensing time under average interference and 
transmit power constraints simultaneously, Figure 5 shows us 
that in different values they can be dominant one over other. It 
is seen that for  and  
throughput is the same for optimal values of sensing time 
which means average power constraint is dominant over 
interference constraint which should be defined by the CR 
network designer. Designer can define importance of the 
constraints by taking into consideration  
interference constraint become , it is seen that 
the roles are changed and interference constraint becomes 
more dominant over average transmit power constraint. Total 
achievable throughput of SU decreases, however protection of 
PU s QoS is increased. It is seen that optimal sensing time 

 is still around . 

As seen from Figure 6; if SNR decreases, optimal sensing 
time increases which is e  
should detect signals with very low power values which might 
cause possible miss detections and false alarms. To be able 
overcome false alarms and miss detections, sensing time 
increases up to 12 milliseconds for  case. 
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Figure 5: Throughput vs sensing time, ,  , 

,   = 0.09,  
 

 
Figure 6: Throughput vs sensing time, ,  

, ,   = 0.09 
 

In Figure 7 and Figure 8, optimal sensing time that 
maximizes achievable throughput is investigated with given 
parameters for normal optimization problem and modified 
optimization problem with the penalty condition. It is seen that 
optimal sensing time is almost the same and around . 
However impact of penalty condition can easily be seen 
around optimal area. Using this penalty condition in a convex 
optimization method helps us reach the optimal solution easier 
with less computational effort. 

V. CONCLUSION 

We examine CR networks' basic components and dynamic 
spectrum access schemes. Understanding basic components 
and dynamic spectrum access strategies helps us to analyze 
design steps. We choose sensing-based spectrum access 
scheme, which is a hybrid version of opportunistic access 
scheme and spectrum sharing scheme, for investigation. It is 
seen that a tradeoff exists between sensing time and 
throughput of the network. Since SSS scheme is keeping 
transmission even PU is detected, to be able to establish 
tolerable interference by PU, average interference constraint 
introduced. For battery powered devices, long term power

Figure 7: Throughput vs sensing time, stars without penalty term and 
dashed lines with penalty term calculations, , 

, ,   = 0.09, , K = 50 

 

 
Figure 8: Throughput vs sensing time, stars without penalty term and 

dashed lines with penalty term calculations, , 

, ,   = 0.09, , K = 50 

 

budget and possible interference among secondary users also 
are taken into consideration and average transmission power 
constraint introduced. 

Instead of perfect detection, we consider real world 
scenarios where detection is not perfect and some detector 
faults occur. We investigate false alarm and miss detection 
probabilities for a given detection probability and sensing 
time. If sensing time decreases, false alarms and miss 
detections increase; if sensing time increases, total achievable 
throughput decreases. Under these circumstances we try to 
find optimal sensing time for the maximization of total ergodic 
throughput of the network. 

SSS access scheme investigated by simulations. According 
to the results, optimal sensing time evaluated for one channel 

scenario is around and compared to the 

previous investigations which is almost the same. Interference 
constraints and average transmit power constraints 
significantly effecting total achievable throughput however 
have very little effect on optimal sensing time. Most 
significant criteria on optimal sensing time is detector 
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performance which is related to detection probability and 

detector. If primary signal is not strong enough, to be able to 
overcome possible false alarms and miss detections, optimal 
sensing time increases for the evaluation of target detection 
probability. Penalty condition used in optimization problem 
helps finding the optimal value with fewer computations. 
Therefore, fast calculation can be possible and optimal sensing 
time can be adaptively changed in real time scenarios. 
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Abstract - There are several techniques that are used for early 

stages detection of breast cancer which is important to decrease 
the higher percentages of death cases. This paper focuses on 
summarizing the electromagnetic techniques for disease detection 
such as X-ray mammography, ultrasonography, tomosynthesis, 
magnetic resonance and the other emerging electromagnetic 
techniques. Using microwave techniques in the imaging system 
have recently attracted considerable attention. In this study, 
categories of the microwave imaging system is examined, 
especially radar-based ultrawideband microwave imaging 
technique is explained in detail. A key component of this imaging 
system is the antenna that is used to radiate and receive the UWB 
pulses. In this paper, a compact-size, UWB and directional planar 
antenna is developed for this aim. Analysis and the performance 
optimization of the proposed antenna is performed by High 
Frequency Structural Simulator (HFSS) software. Simulation 
results show that the designed antenna is suitable for using in 
radar-based microwave imaging systems. 
 

Keywords  Breast cancer detection, electromagnetic imaging 
methods, microwave imaging, ultra-wideband, directional 
antenna. 

I. INTRODUCTION 

CCORDING to the World Health Organization, breast 
cancer is the most common cancer among women 

worldwide [1]. Statistics clearly demonstrate the importance of 
this disease and its impact on the health. The early diagnosis of 
the disease could help to decrease the higher percentages of 
death cases. Malignant cells can multiply uncontrolled and 
spread to other tissues. Hence, detecting the cancer tumor at 
the early stage plays a crucial role in the treatment of disease. 
An ideal breast cancer detection technique should have the 
following properties: 

- has low health hazard, 

- is sensitive to malignant tumor issue, 

- determine breast cancer at a medicable stage, 

- screening as fast as possible, 

- is affordable, widely available, non-destructive and simple 

to perform, 

- involve minimal discomfort, so the procedure is acceptable 

to women [2-4]. 

 
There are various techniques that are used for early stages 

detection of breast cancer such as; X-ray mammography, 
ultrasound technique, digital tomosynthesis and magnetic 
resonance imaging (MRI). However, even with the combined 
use of these techniques, the current method of screening for 
breast cancer does not meet the ideal requirements. Therefore, 
researchers are actively searching for alternative methods of 
breast imaging [5]. Some of the emerging electromagnetic 
techniques are electrical impedance tomography (EIT), diffuse 
optical tomography (DOT), biomagnetic and microwave 
imaging (MI). Among these techniques, MI methods have 
recently attracted considerable attention because it uses 
nonionizing radiation which is safer than ionizing radiation, 
i.e. X-rays used in mammography. It is noninvasive so there is 
no compression in MI and making the exams more 
comfortable than the other techniques [6].The low illumination 
power levels used in MI also make regular screening possible. 
Another advantage is that the system is low cost. 
The present study aims to find out the type of techniques for 
tumor detection and mention about the merits and drawbacks 
of them clearly. The informations about the number of 
methods will be summarized and detailed informations about 
the MI methods will be provided in the paper. 

II. BREAST CANCER SCREENING TECHNIQUES 

Since the early diagnosis and treatment are the hot keys to 
survive from the breast cancer, there are many techniques that 
are used for detection of early stages of the breast cancer such 
as; mammography, ultrasound, tomosynthesis, MRI and other 
emerging electromagnetic techniques under development [7]. 

A. Mammography 

Currently, the standard and frequently used technique for 
breast cancer screening and detection is X-ray mammography 
where is it being quite sensitive to the lesions in the breast by 
compressing the breast on X-ray image. Mammography is not 
sensitivity for early-stage tumor detection but only for the best 
and effective medical treatment. Although the X-ray 

reliable [8,9]. 
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The most widely used X-ray mammography also requires 
painful and uncomfortable breast compression and exposes the 
patient to ionizing radiation. X-radiation is a form of 
electromagnetic radiation. Most X-rays have a wavelength  
ranging from 0.01 to 10  nanometers, corresponding to 
 frequencies  in the range 30  to 30.000 petahertz and energies 
in the range 100 eV to 100 keV, so they are in ionizing 
radiation class and they may be harmful for body. X-ray 
mammography has another limitation, especially when dealing 
with younger women who have dense breast tissues, because 
there is a few percent contrast between healthy and diseased 
breast tissues at X-ray frequencies [5]. One of the other 
drawbacks is the high miss detection which can reach 30 per 
cent [10] due to high false positive and negative detection. 

Consequently, X-ray mammography, currently the most 
common imaging method for early breast cancer detection, is 
not highly reliable, requires painful breast compression, and 
exposes the patient to low levels of ionizing radiation. All of 
these limitations and their potential for harm, provide plenty 
motivation for the development of alternative methods of 
breast imaging. 

B. Ultrasound Technique 

Ultrasound technique is harmless but it is less effective than 
mammography and it is used as a supporting imaging method 
for mammography. Ultrasound imaging is based on high 
frequency sound waves which reflect with changing intensity 
from different tissues. In the breast, ultrasound is able to 
differentiate skin, fat, glandular tissue, and muscle. 
Unfortunately, it has a limitation that fat issue and tumor issue 
have similar acoustic features and for this reason detecting 
many tumors is impossible with ultrasound. Ultrasound has 
also been utilized in breast cancer detection with a false 
negative rate of 17% [11]. The other drawback of ultrasound is 
its disability to provide high resolution for deep and condensed 
tissue structure such as fatty tissues. Also ultrasound imaging 
requires high skill and longer time, and that is why the 
technique is not used commonly [12]. 

C. Digital Tomosynthesis 

Breast tomosynthesis is based on the acquisition of three-
dimensional digital image data, could help solve the problem 
of interpreting mammographic features produced by tissue 
overlap. Breast tomosynthesis has the potential to help reduce 
recall rates, improve the selection of patients for biopsy, and 
increase cancer detection rates, especially in patients with 
dense breasts [13]. Advantages and disadvantages of the 
tomosynthesis can be listed as below: 

- 3-D imaging is available, 
- It is able to detect the tumor which is hidden behind the 
dense breast tissue, 
- It has less X-ray radiation according to mammography, 
- It decreases the biopsy rates and increases the ratio of 
true diagnosis, 
- It is not required more compression and provide less pain, 
- It has long application and evaluation time, 
- It uses big detectors and has difficulty in giving positions. 

D. Magnetic Resonance Imaging (MRI) 

MRI for breast cancer has been proposed since the late 
1970s but until the 1980s it did not show sufficient benefit. 
However, the use of gadolinium as a contrast agent in MRI 
significantly enhanced breast cancer detection. In almost all 
studies, MRI has exhibited high sensitivity and it often 
detected small tumors missed by mammography and 
ultrasound [14]. MRI showed particular advantage in dense 
breasts where mammography typically fails to detect tumors. 
However, the elevated sensitivity of MRI came at the expense 
of modest specificity [15]. 

MRI has several advantages such as a high sensitivity, no 
ionizing radiation, and the ability to image radio graphically 
dense breast. However, the prime limitation of MRI is the high 
cost of imaging [7]. Also, MRI suffered from a higher false 
positive rate than any of the other screening methods. In one 
study [16], MRI had a specificity of only 95.4 percent, 
compared to 96, 99.3, and 99.8 percent for ultrasound, clinical 
breast exam, and mammography, respectively. This low 
specificity, along with the high costs associated with MRI, 

complement to mammography as a widespread screening 
method [5]. Some advantages and disadvantages of the 
different imaging techniques mentioned up to this point can be 
summarized as in Table 1. 

Table 1: This caption is centered 

Imaging 
Technique 

Advantages Disadvantages 

 
 
 

X-Ray 
Mammography 

Cheap. 

Availability of 
copying and 
archiving the 

images. 

Provide high 
resolution images. 

Not convenient for 
women with dense 

breasts. 

Ionizing radiation, 
dangerous. 

Compressed breast, 
pain. 

 
 
 
 

Ultrasonography 
 

 

Used as scanning 
for women with 
dense breasts. 

Cheaper than 
mammography. 

No danger, no 
ionizing radiation. 

More negative false 
rate than 

mammography. 

Cannot image the 
whole breast at the 
same time and deep 

locations in the 
breast. 

Cannot diagnosis 
malign tumors. 

 
 
 

Tomosynthesis 

3-D Image 
reconstruction by 
getting data from 
different angles. 

Increased imaging 
feature of lesions. 

 
 

Less compression 
than mammography 

but still painful. 

 
Magnetic 

Resonance 
Imaging 

 

High sensitivity. 

No ionizing 
radiation 

 

High negative false 
rate, high cost. 

Increased biopsy 
rates. 
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E. Emerging Electromagnetic Techniques 

Even with the combined use of the current methods for 
breast cancer, screening does not meet the ideal requirements. 
Researchers are actively searching for alternative modalities of 
diagnostic breast imaging. Electrical impedance tomography, 
diffuse optical tomography, biomagnetic and microwave 
imaging techniques are some alternative techniques. EIT, a 2-
D or 3-D reconstruction of the impedance of the breast, is 
turned out through the frequency between 100 Hz and 1 MHz 
[17]. EIT is achieved by placing sensors on the surface of the 
breast with each sensor performing a current and then voltage 
differences between the sensors are measured. DOT of breast 
cancer can be defined as the use of light to screen the optical 
features in the chest. DOT uses significantly higher 
frequencies in the near infrared range from about 650 to 950 
nm in wavelength with respect to the other breast cancer 
detection modalities [18]. Biomagnetic technique is based on 
the elevated magnetic fields were detected from malignant 
breast tumors in comparison to benign tumors [19] 

III. MICROWAVE IMAGING SYSTEM 

One of the leading alternative methods for breast cancer 
detection is to use microwave techniques in imaging. MI 
methods are non-invasive imaging methods. The quantities 
imaged in MI are the dielectric properties. The main principle 
of this technique is based on the significant difference in 
dielectric properties of malignant breast tumors and normal 
breast tissue in the microwave frequencies [6]. Microwave 
signals are the non-ionizing form of the electromagnetic waves 
and there is no risk to health hazard when used at low levels. 
Microwave detection is less expensive and safer than other 
modalities of detection. MI is done mainly in three category as 
passive, hybrid and active systems [20]. The passive method 
involves microwave radiometry uses radiometers to obtain the 
temperature differences in the breast as temperature rises in the 
presence of tumor than with normal breast tissue [21]. The 
hybrid methods use microwave energy to heat tumors and they 
expand and generate pressure waves which are detected by 
ultrasound transducers [22]. The active methods involve 
illuminating the breast with microwaves and then measuring 
transmitted or backscattered signals. Active MI can be 
classified as microwave tomography, microwave microscopy 
and ultra-wideband (UWB) radar technique. 

A. Microwave Radiometry 

Passive MI is usually termed as microwave radiometry and 
is based on the measurement of the electromagnetic field 
emitted by warm bodies. Temperature is the main parameter 
that is used here to estimate the presence of malignancy [23]. 
There are various causative factors to the temperature 
elevation related to the tumor presence: the malignant cells are 
more metabolically active and produce more heat, they have a 
reduced thermoregulatory capacity, and it is recognized that 
localized increases in blood volume can be associated with 
early tumor growth [24].  

B. Microwave-Induced Thermal Acoustic Imaging 

Microwave-induced thermal acoustic imaging provides two 
properties that high contrast in the conductivity of malignant 
tissues at microwave frequencies and the high spatial 
resolution of ultrasound imaging. The generated acoustic 
waves carry the information about the microwave energy 
absorption properties of the tissues under irradiation. The 
microwave energy absorbed by tumor and normal breast 
tissues will be significantly different and a stronger acoustic 
wave will be produced by the tumor. The majority of 
challenges are referred to inhomogeneity of the breast tissue. 
This leads to a nonuniform microwave energy distribution, 
strong interference from the skin and chest wall, and 
consequently, to complicated image reconstruction algorithms 
[24]. The biological tissues should be heated by the microwave 
source in a uniform manner, otherwise thermal acoustic signals 
will be induced by a nonuniform microwave energy 
distribution, resulting in images difficult to interpret. 

 

C. Microwave Microscopy 

The working principle of the microwave microscope is 
based on the changing in the resonant frequency of an open-
ended microwave cavity resonator, which results from the 
interaction of the electromagnetic field of the resonator and 
objects positioned under the skin. This technique provides a 
high spatial resolution since it is based on the near-field wave 
tissue interaction, which is not limited by the diffraction limit 
[25]. Microwave microscopy for the breast cancer detection 
offers a number of important advantages: it avoids special 
processing of skin tissues and implementation of complex 
inverse scattering algorithms; it operates in a very narrow 
frequency range, thus there is no need of complex dispersive 
dielectric models of the breast tissues; a priori knowledge of 
the dielectric properties of the tumor is not critical to the 
success of the detection; the method can be used for detecting 
breast cancer in men. 

D. Microwave Tomography 

In tomography, image is reconstructed using a forward and 
inverse scattering to enhance the spatial distribution of the 
complete dielectric properties in the breast. The reconstruction 
of the electrical properties of the breast at each pixel is 
calculated in this system [26]. In this method, a coupling 
medium between the antennas and the body is used in order to 
refuse high reflections from the air and skin interface. 
Therefore, the patient orientation for these systems is different 
from one in microwave radiometry with the patient lying in a 
prone position with her breast suspended down into the 
tomography. The electrical properties of the medium are 
chosen to be close to the properties of the body to achieve the 
coupling of electromagnetic energy into the breast [27]. In 
practice however, the electrical properties of the medium 
depends on temperature, and any temperature drifts and 
unpredictable local temperature gradients affect the 
measurement accuracy of the system. 
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E. Ultrasound-Guided Microwave Imaging 

Ultrasound-guided MI is such a combination of two 
modalities, where microwave image reconstruction is guided 
by ultrasonography. The ultrasound imaging is used to 
assemble a priory data about the breast structure and presence 
and shape of embedded objects. This helps to generate an 
optimal mesh with well refined target region for effective 
numerical analysis of the electromagnetic problem [28]. 
Consequently, the spatial resolution of ultrasound-guided 
microwave imaging can be enhanced resulting in more 
accurate imaging of tumors. 

F. Ultra-wideband Radar Technique 

The principle of the radar-based MI of breast is illuminating 
the breast with an UWB pulse and detect the reflections. The 
reflected signals are the data for processing to obtain images 
that indicate the size and location of the tumor(s) in the breast. 
A key component of the system is the antenna that is used to 
radiate and receive the ultra-wideband pulses. This method has 
been increasingly recommended as a regular examination and 
detection tool for early breast cancer detection but it is under 
research and investigation stage till today [7]. The detailed 
information will be given in the next Section. 

IV. ULTRAWIDEBAND RADAR-BASED MICROWAVE IMAGING 

FOR BREAST CANCER DETECTION 

Since the authorization of the unlicensed using of the UWB 
technology in the range of 3.1 GHz to 10.6 GHz by the 
Federal Communication Commission (FCC) in the USA [29], 
UWB technology has become very popular in different areas. 
One of these applications of this technology is UWB 
microwave imaging technique for breast cancer detection. In 
UWB applications, it is desirable for impedance bandwidth to 
be at least 50% to cover the lower UWB band of 3.1 5 GHz or 
the upper band of 6 10.6 GHz or 110% to cover the entire 
UWB band of 3.1 10.6 GHz [30]. 

UWB radar imaging, as proposed by Hagness et al. [31,32] 
uses an UWB pulse which involves low to high frequencies. 
The lower frequency band provides sufficient depth of 
penetration while the higher frequency band ensures the 
adequate resolution of the creating images. Hence, both the 
deeply buried and small size tumor can be detected based on 
the lower and higher frequency of the UWB bands [33]. From 
this point of view, this system is very important and candidate 
to become popular. The system is a similar imaging procedure 
to that used in surface-penetrating radar rather than using the 
tomographic approach of reconstructing the entire dielectric 
profile of the breast. In this system, there are three main 
system configurations: monostatic, bistatic and multistatic. The 
same antenna performs the task of both sending microwave 
signals and receiving the reflected signals in monostatic 
system. Bi-static system has two antennas and the target 
material is positioned between the receiving and transmitting 
antennas. Finally, in multi-static system, antenna arrays are 
used. 

For example, experimental study of monostatic MI system 
for making measurement on breast phantom which has been 
used in [7] is shown in Figure 1. 

 

 
Figure 1: Experimental setup of the monostatic MI system. 

 

There are a lot of MI systems under development for breast 
cancer detection. An UWB microwave imaging system was 
developed by Klemm et al. at the University of Bristol [34]. 
This system operated at higher frequencies (3-10, 4-8, 4.5-9.5 
GHz) which were achieved by employing different very small 
UWB antennas in a hemi-sphere array encircling the breast, 
instead of using monopole antennas.  Consequently, some 
attention has been directed towards the microwave 
tomography and UWB radar imaging for breast cancer 
detection because these techniques are still under 
development. In addition, most of the histological methods 
applied UWB radar imaging. 

Classification of the microwave imaging systems for breast 
cancer diagnosis mentioned up to this point can be seen clearly 
in the Figure 2. 

 

 
Figure 2: Microwave imaging methods 
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V. ANTENNA DESIGN FOR ULTRAWIDEBAND RADAR-BASED 

MICROWAVE IMAGING SYSTEM 

Microstrip antennas are compact and have low-profile but 
they have narrow bandwidth. However, microwave broadband 
systems, for example MI system, need UWB signal to transmit 
short pulses for obtain sufficient range resolution. The 
modified microstrip antennas which has partial ground plane is 
called monopole planar antenna and they are the most choosen 
antennas in the UWB applications because of their wide 
bandwidth. They are named according to their radiation patch 
shapes such as elliptical, square circular, rectangular or any 
session of these shapes. In this study, firstly a L-shaped 
monopole antenna with gap and T-shaped slot is examined. 
The geometry of the antenna and the detailed design 
parameters are given in Figure 3 and Table 2, respectively. 
Design and analysis of the antenna has been performed by 
HFSS software. 

 
Figure 3: L-shaped monopole antenna with gap and T-shaped slot 

Table 2: Design values of the L-shaped monopole antenna. 

Antenna Design Parameters Values 
(mm) 

Length (Ls) and width (Ws) of the 
substrate 

50 x 50  

Length (Lp) and width (Wp) of the patch 15 x 22 

Length (Lf) and width (Wf) of the 
feedline 

15 x 3 

Length (Lg) and width (Ws) of the ground 
plane 

15 x 50 

Gap (g) between the ground and patch 1 

Length (l1) and width (w1) of the 
horizontal part of the slot 

1 x 4 

Length (l2)  and width (w2) of the 
vertical part of the slot 

4 x 1 

 

The return loss graph of the L-shaped planar monopole 
antenna with T-shaped ground slot is given in Figure 4. 

 
Figure 4: Return loss result of the L-shaped monopole antenna. 

The return loss result shows that the antenna shown in Fig. 1 
can be used for the UWB MI system from the points of 
bandwidth and impedance matching. However, for the radar-
based UWB MI system, the antenna not only needs large 
bandwidth but also it should have directional radiation pattern. 
As it is seen from the Figure 5, this antenna has nearly 
omnidirectional pattern.  

 
Figure 5: Radiation pattern of the antenna shown in Fig. 1              

for 6 GHz frequency 

After this point, we force the antenna to be directional in the 
desired frequency band.  For this aim, a three-quarter circle 
conductor is added to top right-hand corner of the patch. Also 
a parasitic element is added to left side of the substrate. The 
radius (r) of the circle is 3 mm, the length (l3) and width (w3) 
of the rectangular parasitic element are the 10 mm and 3 mm, 
respectively. The new geometry of the antenna is shown in 
Figure 6.   

 
Figure 6: Proposed antenna with new geometry 
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VI. RESULTS 

Indeed, modification of the patch and adding parasitic 
element improved the directionality. Radiation patterns at the 
three different frequency points are shown in Figure 7. It is 
important to maintain the large bandwidth when making some 
modifications to obtain directional radiation pattern. The 
return loss result of the proposed antenna is also given in 
Figure 8. 

It is clearly seen that, it still has broad frequency band and 
good impedance matching. The aim of the UWB and 
directional antenna design, which is valid for the radar-based 
UWB microwave imaging application, is accomplished 
according to these results. 

 
 

 
Figure 7: Radiation patterns of the proposed antenna 

for 4, 6 and 8 GHz. 

 

 
Figure 8: Return loss result of the proposed antenna. 

 
 
 
 
 

VII. CONCLUSION 

There are various techniques that are used for early stages 
detection of breast cancer such as; X-ray mammography, 
ultrasound technique, digital tomosynthesis and MRI. 
However, even with the combined use of these techniques, the 
current method of screening for breast cancer does not meet 
the ideal requirements. 

One of the emerging electromagnetic methods is microwave 
imaging technique. This technique has recently attracted 
considerable attention because it uses nonionizing radiation 
which is safer than ionizing radiation, it is comfortable and 
low cost. The most important element of the system is antenna 
to transmit and receive the microwaves. The antenna should be 
UWB, compact, stable and directive. In this study, a planar 
monopole antenna is designed and analysis by using HFSS 
software. Simulation results show that the proposed can be 
used for the radar-based microwave imaging system. 
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Abstract - Broadband monopole antennas have received 
considerable attention owing to their attractive merits, such as 
ultra-wide frequency band, good radiation properties, simple 
structure and ease of fabrication. Since the Federal 
Communications Committee (FCC) permitted the unlicensed use 
of the ultra-wide band (UWB) frequency band in 2002, large 
interests in both academic and industrial fields have been 
attracted to research various UWB devices. Small UWB antennas 
have found a wide range of applications including ground 
penetrating radars, high data rate short range wireless local area 
networks, communication systems for military, UWB short pulse 
radars for automotive and robotics applications, C and X band 
applications, and UWB microwave imaging systems. In this 
paper, a novel compact planar UWB monopole antenna with 
enhanced bandwidth by use of slots and Defected Ground 
Structure (DGS) is presented. The size of the antenna is 50 mm x 
50 mm and it has microstrip feedline. Design and analysis of the 
antenna has been performed by HFSS software. Simulation 
results show that the designed antenna has broad frequency band 
which covers the band between 3.1 GHz and 10.6 GHz.  
According the return loss results, this antenna can be used for 
especially radar-based UWB systems applications which require 
low to high frequencies.  
 

Keywords  Planar monopole antenna, UWB antenna, 
bandwidth enhancement, defected ground structure.  
 

I. INTRODUCTION 

ince the Federal Communications Committee (FCC) 
permitted the unlicensed use of the ultra-wide band 

(UWB) frequency band in 2002 [1], large interests in both 
academic and industrial fields have been attracted to research 
various UWB devices. The UWB covers a frequency band 
ranges from 3.1 to 10.6 GHz that can be used in the field of 
Wireless Local Area Networks (WLAN), Wireless Body Area 
Networks (WBAN), Wireless Personal Area Networks 
(WPAN), Ground Penetrating Radar (GPR) technology, 
communication systems for military and microwave imaging 
(MI) systems which wide bandwidth is required [2,3]. 
Broadband antennas have received considerable attention 
owing to their attractive merits, such as ultra-wide frequency 
band, good radiation properties, simple structure and ease of 
fabrication.    

 
Recent UWB antenna designs focus on small printed 

antennas for many applications because of their ease of 
fabrication and their ability to be integrated with other 
components on the same PCBs [4-6]. A dual band UWB 
slotted antenna [7] and antenna with elliptical slotted ground 
plane [8] are designed for C and X band applications. A 
number of UWB antennas have been designed for GPR 
applications [9-11]. The study based on the lower frequency 
band is conducted mainly to improve the penetration depth 
while the designing in the higher frequency band is performed 
to achieve better resolution imaging for GPR systems. This 
operation mechanism is notable for the UWB MI system 
which is radar-based. There are various antenna design for the 
MI systems such as horn, vivaldi, elliptical and circular 
monopole etc [12-15]. Some of the works focus on the entire 
UWB frequency range to further enhance the bandwidth while 
others focused on gain enhancement.  

Printed monopole antenna, which has little differences in 
comparison with microstrip antenna, is one of the among 
various forms of the wide-band antenna which has simple 
structure and easy to fabricated and integrated with printed 
circuit board. 

Microstrip antennas are compact and have low-profile but 
they have narrow bandwidth. However, microwave broadband 
systems, for example MI systems, need UWB signal to 
transmit short pulses for obtain sufficient range resolution. 
The modified microstrip antennas which has partial ground 
plane is called monopole planar antenna and they are the most 
choosen antennas in the UWB applications because of their 
wide bandwidth. They are named according to their radiation 
patch shapes such as elliptical, square circular, rectangular or 
any session of these shapes. 

In this study, firstly a L-shaped planar monopole antenna is 
showed with its return loss results. Then some modifications 
are done on the ground plane to improve the bandwidth and 
impedance matching of the antenna. Also, parametric study is 
demonstrated to understand the effect of probe length and 
results are discussed for the different cases. At the end of the 
design process, the aim is to say that the proposed antenna is 
valid for the several UWB applications. 
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II. L-SHAPED PLANAR MONOPOLE ANTENNA 

Planar monopole antennas are named according to their 
radiation patch shapes. In this study, rectangular patch with 
shifted feedline which printed on a FR4-Epoxy substrate is 
used and examined. It can be developed many different 
combination of patch and microstrip feed line. Here we select 
a rectangular patch with the length (L) and width (W) of 15 
mm and 22 mm, respectively. The length and width of the 
feedline are taken as 15 mm and 3 mm, respectively to achieve 

 The geometry of the antenna is 
showed in Figure 1. 

 

 
Figure 1: Printed L-shaped monopole antenna 

 
To calculate the lower band-edge frequency of planar 

monopole antennas, the standard formulation is given in [16] 
as below: 

 
where L is the length of the rectangular patch, r is equal to 

 and they are in centimeters. 
 According to the patch dimensions which we determined 

before, it is expected to see the lower frequency will be about 
4 GHz for L=1.5 cm and W=2.2 cm. Indeed, this value is 
obtained in the return loss graphic of the antenna as it is seen 
from the Figure 2. 

 

 
Figure 2: Return loss result of the L-shaped antenna 

III. BANDWIDTH ENHANCEMENT TECHNIQUES 

As mentioned above, the UWB covers a frequency band 
ranges from 3.1 to 10.6 GHz that can be used in the various 
implementations and different areas. However, according to 
return loss result given in Figure 2, the bandwidth is not at the 
desired range. Therefore, it is required to force antenna to be 
UWB that covers 3-10 GHz range. There are a lot of 
modification methods to provide bandwidth enhancement. 
One of these methods is using defected ground structure 
(DGS) to improve impedance matching and increase 
bandwidth of a compact UWB planar monopole [17-19]. 
Before starting to make some modifications on the ground 
plane, effect of the gap length between the ground plane and 
feedline is examined. After this stage, required development 
will be showed.  

A. Effect of the Distance Between the Ground and Feedline    

In the Figure 2, the return loss result has been given for the 
equal lengths of the ground plane and feedline. The length is 
equal to 15 mm which can be seen in the Figure 1. In this 
stage, effect of the different lengths will be investigated. In 
Figure 3, there is a distance g between the ground and 
feedline. Return loss results for g = 0 mm, g = 0.5 mm and g = 
1 mm is given in Figure 4. 

 

 
Figure 3: L-shaped monopole antenna with gap 

between ground plane and feedline 

 

 
Figure 4: Return loss results for the different values of gap 

____    g = 0 mm 

_ _ _   g = 0.5 mm 
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B. Slots on the Ground Plane for Bandwidth Improvement 

In the Figure 4, it is clearly seen that using gap between the 
ground and feedline affects the return loss well, but it still 
need to be improved for exactly covering the entire UWB 
range. For this aim there are many techniques such as etching 
notch or slot, adding parasitic element, changing dimension 
etc. In this study, we intend to use defected ground structure 
and it will provide by etching T-shaped slot on the ground 
plane. The new geometry of the antenna is shown in Figure 5. 
The detailed design parameters of the developed antenna are 
given in Table 1. 

 

 
Figure 5: L-shaped monopole antenna with gap and T-shaped slot 

Table 1: Design values of the proposed antenna. 

Parameters Values 
(mm) 

Length and width of the substrate 50 x 50  

Length and width of the patch 15 x 22 

Length and width of the feedline 15 x 3 

Length and width of the ground plane 15 x 50 

Gap between the ground and patch 1 

Length and width of the horizontal part of the slot 1 x 4 

Length and width of the vertical part of the slot 4 x 1 

IV. RESULTS AND DISCUSSIONS 

Performance analysis of the developed antenna has been 
performed by HFSS software which based on full-wave finite 
elements method and widely used in the design of 
electromagnetic structures [20]. The rate of convergence 
maximum delta S was taken as 0.005. Radiation boundary was 

antenna in all directions. 
The return loss graph of the L-shaped planar monopole 

antenna with T-shaped ground slot is given in Figure 6. It is 
clearly seen that the bandwidth has been increased and 
impedance matching has been improved by using DGS 
approach. The aim of the UWB antenna design, which is valid 
for the several UWB applications, is accomplished according 
to these results. 

 
Figure 6: Return loss result of the proposed antenna 

 

In addition to return loss result, radiation pattern of the 
antenna for 6 GHz is given in the Figure 7. The results 
confirm that the antenna has an omnidirectional radiation 
pattern. 

 
Figure 7: Radiation pattern of the antenna for 6 GHz 

V. CONCLUSION 

The modified microstrip antennas which has partial ground 
plane is called monopole planar antenna and they are the most 
preferable antennas in the UWB applications because of their 
broad bandwidth, compact and easy assembled structure. They 
are named according to their radiation patch geometry. In this 
study a L-shaped patch is choosen and lower frequency of the 
bandwidth is determined by the size of this shape. According 
to the antenna return loss result, it is seen that the bandwidth 
need to be improved. Effect of the length difference between 
the feedline and ground plane is investigated and optimum 
value has found as 1 mm. After that, DGS approach is 
implemented to design. T-shaped slot is used to improve both 
bandwidth and impedance matching. Good return loss result is 
obtained at the end of the design process. Bandwidth covers 
the entire UWB frequency range, which has permitted by the 
FCC in the USA for the unlicensed use of the ultra-wide band 
as 3.1-10.6 GHz.  

This return loss result shows that the proposed can be used 
for the several UWB applications such as WLAN, WBAN, 
WPAN, GPR technology, communication systems for military 
and MI systems, C and X band applications etc. But some of 
these applications need the directional radiation patterns. In 
future, radiation characteristic of this antenna can be changed 
to obtain different patterns for desired application. 
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Abstract  In this study, a MEMS Accelerometer was modeled 
at behavioral level using MATLAB/SIMULINK. The acceleration 
sensing mechanism was modeled according to the conventional 
spring-mass-dashpot system. Capacitive MEMS accelerometers 
are widely used because of their efficiency and stability. 
Therefore, differential capacitors were used to simulate detection 
of the displacement which is a result of the applied acceleration. 
Finally, synchronous demodulation was used to extract the 
acceleration information at the output. The whole sensing and 
AM demodulation parts were analyzed and simulated in the same 
environment.              

      
Keywords  Accelerometer, MEMS, Capacitive Sensor, 

Behavioral Modeling 

 

I. INTRODUCTION 

Accelerometers are used to measure acceleration and widely 
utilized in many areas such as engineering, medical 
applications, navigation, transportation, consumer electronics 
[1-2]. MEMS accelerometers have been developed since 
1990s as an alternative to their macro scale counterparts due to 
their small size, low power consumption and robust sensing 
[3]. Generic accelerometers could be modeled as a second 
order spring-mass-dashpot system at behavioral level. This 
model can be considered as follows: a mass suspended by a 
spring and damping effect occurs due to the air friction. 
Sensing acceleration is accomplished via detection of the 
displacement of the proof mass in this model. Generally, 
capacitive methods are preferred as sensing mechanism since 
they offer high sensitivity, good DC response and low 
temperature sensitivity [4]. Capacitive sensing is performed 
with the measurement of capacitance change which occurs as a 
result of change in gap between two parallel plates, change in 
overlapping area of plates or change in dielectric properties 
[5]. Moreover, differential capacitive sensing is often used 
because it improves the sensitivity. Differential sensing 
measures the difference between two capacitances which is 
actually proportional to the actual applied acceleration. 
However, further signal process is required to detect this 
differential capacitive change. This is performed by interface 
electronics and demodulation-based circuits. Interface 
electronics circuits convert capacitance change into a voltage,  

 
frequency, pulse-width or current while demodulation-based 
circuits are used to obtain acceleration information from 
modulated signals [6].    

II. CAPACITIVE ACCELEROMETER MODELING 

The model for an accelerometer which consists of mass, spring 
and dashpot is given in Figure 1.   

 
Figure 1: Accelerometer Model 

When an external acceleration (aext) is experienced by the mass 
(m), mass is displaced by x relative to the initial position along 
the force direction. In the model, spring constant is k and it is 
proportional to the displacement while the damping coefficient 
is b which is proportional to the velocity. Considering those 
three forces acting on the mass, following second order 
differential equation (1) could be written to describe this 
system:  

                          (1) 

The displacement x must be known in order to obtain external 
applied acceleration. Therefore, it must be sensed before 
further procession and the most widely used sensing technique 
is capacitive sensing [7]. A schematic structure of a capacitive 
accelerometer is given Figure 2. In this figure, shaded beams 
are shown as fixed fingers and the beams on the mass are 
called as movable fingers. If an external acceleration is 
experienced by the mass, the mass and movable fingers are 
displaced in the x direction while the fixed fingers remain in 
the same position. The fixed and movable fingers form an 
initial capacitance and this capacitance changes when a change 
in the gap between the fingers occurs.      
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Figure 2: Schematic of a Capacitive Accelerometer 

In Figure 3, x direction motion of a mass is shown. Initially, no 
acceleration is experienced by the mass and C1 and C2 are 
equal to each other. Therefore, the differential capacitance 
equals to zero. However, when mass moves in the x direction, 
the gap between the plates of the capacitors change which 
results an increase in C1 and a decrease in C2. Differential 
capacitance C1-C2 will be used to measure the applied 
acceleration because of their proportionality with each other. 
VS and -VS are actuation voltages with high frequency which 
are used to actuate the movable fingers.  

 
Figure 3: X-Direction Motion in Capacitive Accelerometer 

Variable capacitors C1 and C2 form a voltage divider accepting 
actuation voltages as input. The output of this divider varies 
with this differential capacitance and it is modulated with VS 
and -VS. Consequently, a synchronous demodulation can be 
applied to demodulate this signal such that the output signal is 
multiplied with the actuation voltage and the resultant signal is 
low pass filtered. The final voltage is proportional with the 
applied acceleration. A simplified block diagram of the entire 
system is given Figure 4.  

 
Figure 4: Overall View of the Capacitive Accelerometer 

III. MATLAB/SIMULINK MODEL 

The accelerometer part is simulated using the second-order 
mass-spring-dashpot system. The applied acceleration is 
converted into displacement by this model. This model is 
simulated using the following values: weight of the mass 
M=145x10-6 kg, spring constant k=300 N/m, damping constant 
b=0.1.                       

 
Figure 5: Accelerometer Simulink Model 

A sinusoidal 10 Hz with 0.1g amplitude acceleration is applied 
to this system and the resultant displacement graph is shown in 
Figure 6.  

 
Figure 6: Displacement(x) vs Time 

This displacement results in capacitance change because of the 
change in gap between the plates of the capacitors. In order to 
simulate this capacitance change, 48 capacitors with the 
following parameters are used: permittivity of the vacuum 0 = 
8.85x10-12 F/m, area of the plates A =   3.75x10-8 m2 and the 
initial gap g0=3.5x10-6 m. Capacitance change graph for the 
sensed displacement and for the above parameters is given in 
Figure 7.   

 
Figure 7: Capacitance Change vs Time 

Now, the capacitance change is converted to voltage using a 
charge amplifier with a feedback capacitance of CF=4.7 nF. 
This output is given by the following formula (2): 
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                                                                         (2) 

where VS is the actuation or excitation voltage with high 
frequency. In this simulation, Vs is a sinusoidal with 159 kHz 
with amplitude of 1V. This signal is actually a modulated 
signal.  

 
Figure 8: Modulated Signal 

Then, this modulated signal is demodulated using synchronous 
demodulator such that it is multiplied with the actuation signal. 
The resultant demodulated signal is given in Figure 9. 

 
   Figure 9: Demodulated Signal 

The demodulated signal contains both high frequency and low 
frequency components. High frequency component is a result 
of actuation voltage while the low frequency component 
includes the acceleration information. Therefore, the high 
frequency component must be filtered out. In the simulation, a 
Butterworth low-pass filter with a 32 Hz pass-band edge 
frequency is used. The remaining low frequency component 
now contains the applied acceleration which is multiplied with 
a constant value. The final output voltage graph is given in 
Figure 10. It can be clearly observed that the final output 
signal is also a sinusoidal with a phase shift. This output signal 
actually contains the applied acceleration but it is shifted in 
time and multiplied with a constant. This output signal can be 
used to obtain intended acceleration value.     

IV. CONCLUSION 

In this paper, behavioral modeling of a MEMS capacitive 
accelerometer is given. The sensing mechanism, capacitive 
transduction mechanism, synchronous demodulation and low 
pass filtering constitutes the entire model. This model is first 
introduced and described. Then, the whole model is simulated 

in SIMULINK based on this model and using certain 
specifications. It is clearly seen that the model works correctly 
and the applied acceleration could be obtained with this 
model. Additionally, some non-idealities like noise can be 
added to this to make more accurate simulations for the future 
work.    

 
Figure 10: The Final Output Signal 
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Abstract - Connecting of devices that is usable for reaching 
them via a network, globally internet, is a new concept for the 
iron and steel industry. The concept, named as Internet of Things 
(IoT), brings many benefits with some critical challenges. Since 
iron and steel industry (ISI) plants are built large areas, 
communication between plants are main problem. In addition, 
magnetic field produced by the melting furnaces is another 
problem. IP capability and cyber security are the common 
problems for all IoT applications. Primary aim of the present 
study is to exhibit these challenges of IoT applications in ISI and 
also to suggest some solutions.  

 
Keywords - IoT, iron and steel industry, ISI, challenges and 

solutions. 

I. INTRODUCTION 

 
NTERNET of Things is a concept represented by devices 
that communicate with each other through various 

communication protocols and connect to each other to form an 
intelligent network by sharing information. Things  mean 
communication from the machine to the machine, from the 
machine to the computer, from the computer to the person. In 
short, it refers to all the physical items that speak with each 
other. [1].   

With the developing technology, communication via 
internet has been preferred frequently in daily life. This choice 
has accelerated connecting of communication devices, 
especially to the internet, i.e. laptops, mobile phones and 
tablets for different reasons [2]. Also, refrigerators, cars, 
washing machines, heaters, garage doors can be connected the 
Internet but it is not, currently [3]. 

IoT concept has been found place not only daily life of 
people but also manufacturing industry significantly. With 
IoT, the devices, machines, sensors and computers will be able 
to share information with themselves and with the staff. In this 
sense, it is great important for the industrial applications when 
considering the benefits of IoT. IoT is actively used in 
manufacturing, transportation, utilities, healthcare, etc [4]. 

However, some critical problems have been reported when 
adopting IoT to an industrial area. In the present study, 
application of IoT to iron and steel industry (ISI) is taken into 
account. It is obvious that, although most of problems are 
common with the other industrial applications, there are also 

specific problems depending on the manufacturing features of 
iron and steel industry. In the present study, some of common 
problems and specific problems are taken into account and 
solutions to the corresponding problems are proposed. 

II. IOT IN THE IRON AND STEEL INDUSTRY 

 
Iron and steel factories consist of integrated facilities. These 

facilities have been completely working with human power 

needs, work accidents and breakdowns were seen with high 
rate. At present, the ISI is faced with low productivity, 
difficulties in projects, steel losses and other issues that 
seriously hamper work efficiency. [5].  

With the development of technology, these systems have left 
their place to automation systems. The revolution in the 
industry is given in Fig. 1. The benefits of using IoT can be 
summarized as follows [6]: 

 Automation of the processes more efficiently, 
 Achievement great time management 
 Increment of the production rate keeping the quality of 

the final product, 
 Connection of different types of sensors at one place, 
 Better solution and analysis with all the gathered data, 
 Reduction in human depended production errors and 

work accidents. 

 
Figure 1: Industrial revolution timeline [7,8]. 

 
Automation means programmable logic control (PLC) in the 

ISI. The digital and analog information from the machines and 
field is transferred to the CPU (Central Processing Unit) by 

A. TUNUZ1, M. KARA2, M. FURAT3 

1Mega Recycling & Metallurgy, Hatay/Turkey, ariftunuz@gmail.com 
2Mustafa Kemal University, Hatay/Turkey, mustafakara@mku.edu.tr 

3Iskenderun Technical University, Hatay/Turkey, murat.furat@iste.edu.tr 

Challenges and Solutions for IoT 
Applications in the Iron and Steel Industry 

I 

391 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

cable. CPU communicate with SCADA by data cable 
(i.e. cat6). All information can be tracked with the SCADA 
screen as seen in Fig. 2. The SCADA is important for a system 
follow up in a plant. Authorized persons can check the 
production flow, fault conditions of motors and operation of 
the plant by means of SCADA. Especially, the condition of the 
motors is very important for a plant. Because, hundreds of 
motors are used even in a medium size plant. Therefore, their 
efficiency, reliability and power consumption need to be taken 
care of. Field Programmable Gate Array Integrated Circuits 
(FPGA ICs) exhibit long-term reliability and long lifecycles, 
supporting the working of motors for long hours. The 
production losses can be reduced to the minimum level.   

When we arrived in 2000, we could reach PLCs via internet.  
We could control the machines, steel plants, offices indirectly 

via the internet as illustrated in Fig. 3. We can connect all of 
these information to the internet by collecting it in a center via 
cables. With the discovery of the IoT concept, no cable or any 
other interface was needed. Because we can control each 
device by connecting them in a network. In this respect, 
problems such as cable consumption, workmanship, overhead 
costs  

Reference to the automation system, a system that is used to 
indirectly connect the machines to the internet. One of the 
sectors that use this system most is the ISI. Operation diagram 
of motor control application with PLC over internet as see in 
Fig. 4 [9]. It can be predicted that when applying IoT to ISI, 
some problems will be appeared at the same time that should 
be overcomed. 

 

 
Figure 2: A SCADA screen capture used in the ISI (from Mega Metallurgy automation system). 

 

 
Figure 3: Automation network in ISI [6]. 
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III. CHALLENGES OF IOT APPLICATIONS IN ISI 

 
 IoT is coming into in daily life day by day. Some 

challenges in adopting IoT to systems will come into conflict. 
In fact, these challenges will cause problems in ISI more often 
than daily life. In the present study, some of them are taken 
into account with some solution proposals. 

A. IP Address Capability 

In 2008, the number of internet connected objects was 
around 8 billion and it is estimated that by 2020 this number 
will reach 50 billion as see in Fig 5 [10]. This means there will 
not be enough IP addresses. In the long term, lack of IP 
address creates a serious problem [11] in large-scale systems. 

On the industrial fields, online servers, computer systems 
supported by various software, and hardware system that 
connects over the internet to each other can be known by their 
IP addresses. For this reason, the transition process to IPv6 
technology should be accelerated. Besides, your hardware and 

software must be compatible with IPv6 technology. Together 
with the evolving IoT technology [12], measures must be taken 
before IPv4 becomes unavailable. 

For IPv6 technology, 3 main items are very important: 

 IPv6-Compatible Operating Systems 

 Suitable Router and Switch with IPv6 Support 

 An ISP that enables IPv6 
It is obvious that, there are many types of devices used in 

daily life of people, it seems impossible to connect all of them 
to the internet network. In addition, connection, control and 
protection of such amount of the devices is difficult to ensure 
together. 

B. Magnetic Field Barrier 

Melting furnaces in ISI work at high power and high 
frequency. Consequently, the produced magnetic field has 
large amplitude which brings serious problems with the wired 
and wireless communication systems used in the plant. Due to 
such amplitude of magnetic field, the system may not work 
well or may not work never. 

 

 
Figure 4: IoT application in ISI. 

 

 
Figure 5: IP address demand rate [7]. 
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C. Distance 

Due to the establishment of 
build on wide areas. This situation causes the plants to be far 
from each other so that there can be even 1 km between two 
plants. It may be impossible for a data cable to carry digital 
data at these distances.  

D. Cyber Security Issue 

In recent years, cyber-attacks have significantly increased. 
Ensuring sustainability of the industrial system is vital 
importance to avoid great security problems [13]. Cyber-
attacks targeting online transmission could occur larger major 
damages. Iron and steel industry is in charge of continuity for 
some critical services. It is important that these systems have 
security range from communication devices, computers, all of 
the sensors and other devices. 

The human factor, automation communication risks, remote 
access dangers, application layer risks and system 
vulnerabilities are some of this security issues. Basic 
infrastructures, intelligent networks and various industrial 
areas provide strategic services. Strategic services generate 
valuable information and these systems have a constantly 
growing structure. The systems growing day by day, and the 
expansion of our network can bring security problems as well 
[14]. Industrial devices that are continuously interacting with 
each other in an industrial architecture are usable as long as 
the network topology is secure. Information collected from 
sensors, PLCs and similar devices is transmitted over internet 
network and collected from server systems. The information 
obtained from every point reaches the information system from 
transportation and operational system. At this point, internet 
connection is used and the internet is a world which is full of 
attackers. This mechanism makes our system a target for 
intruders. Access to the internet and the internal network is 
physically protected by the firewall technology. However, 
there are some vulnerabilities of the firewall [15]. It is possible 
for attackers to overcome this defense with certain methods. 

IV. SUGGESTIONS 

 
It is vital to solve problems instantly in the ISI. This 

industry has encountered so many applications and difficulties 
until now, but a solution has definitely been found. Therefore, 
ISI technologically has made great progress in the past few 
decades. The solution of today's technology, IoT, is also 
necessary for this industry to move forward. 

A. Solution to IP Addressing of Devices 

It is expected that the internet will reach more IP addresses 
by passing to the IPv6 system. With this development, 
applications of IoT technology to daily life and industry has 
been growing at an impressive rate. A number of some devices 
connected to the internet is expected to reach great numbers in 
a soon time. At this point, the NAT [16] (Network Address 
Translation) device can be the ideal solution. A router or other 
device can solve this problem by performing NAT between the 

Internet and the Intranet. The solution offered in the transition 
to IPv6 is provided through a developed NAT device. The end 
user is connected to IPv6 using a device such as a router, 
modem, or network key. As a result, enhanced NAT allows 
IPv6 clients to access IPv4 servers.  The proposed solution is 
illustrated in Fig. 6. NAT provides security and management 
as well. A computer on the local network cannot reach the IP 
address of a computer on your network without first 
establishing a connection or forwarding it to your network. 
With the NAT device, the network can be managed and 
external threats can be blocked. 

 

Figure 6: IPv6 solution with NAT device. 

B. Solution to Magnetic Field Barrier for IoT 
Communication 

The most important of the problems in connection to the ISI 
is the magnetic field. Operation of the furnaces with high 
frequency creates big problems in the connections. This 
problem should be avoided first in IoT applications.  

Firstly, if the cable is used in the system, the cable routes 
must be selected in the remote areas from the magnetic field. 
Hereby the data is transmitted without interruption. But cable 
costs will increase for the cable route space. In addition, 
increasing the length of cable may cause data loss.  

Secondly, Faraday cage can be used for magnetic field 
problem. Faraday cage was discovered in 1836 by the British 
physicist Michael Faraday. When a Faraday cage distributes 

short, a Faraday cage is a hollow conductor, in which the 
charge remains on the external surface of the cage [17]. If 
faraday cage can build to over network, Network area is 
preserved and protected. This will minimize and control the 
magnetic field problem in that region as see in Fig. 7. 

 

 
Figure 7: Faraday cage. 

GSM is an effective solution to data transmission errors 
caused by magnetic field in the iron and steel industry. This 
application requires the use of a GPRS modem. GPRS 
modems are used to communicate with a remote PLC. It 
processes both analog or digital information (flow, volume, 
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level, temperature, humidity, weight) collected from the 
process area according to the PLC application and transmits 
this information via SMS and the connected GPRS modem. It 
is enough for a PLC to send a SMS that a GSM SIM card is 
inserted in the GPRS modem. 

A computer (PC) collects and registers the PLC data that is 
connected to it. PLC also sends SMS to the main SCADA 
computer located in management department or building far 
from the furnaces where the magnetic field is not active as see 
in Fig. 8. 

 
Figure 8: Data transfer with GSM.

C. Solution to Distance 

The distance problem should be controlled by the use of 
cat6 cable to get information from the IP address provided to 
the machine. But it is suitable for the distances up to 150 
meters. Longer cat6 cable may cause the data loss when 
transmitting. In order to transmit the data without loss, 
switches or repeaters are required on every 100m distance.  

A roadmap, shown in Fig. 9, can be used to describe the 
problems of IoT in the ISI. The proposed roadmap can be used 
to overcome the problems which are encountered in the 
transmission of information obtained from IoT devices to 
Process Unit. The solution can easily be followed when the 
problem is encountered. Wireless transmission or transmission 
via GSM is used to overcome main distance problem. In 
addition, due to characteristics of ISI, magnetic field barrier 
may be main drawback. Faraday cage is a good candidate to 
overcome effect of magnetic field.  

Detection and solution of a distance problem can be 
performed with the following steps as given in Fig. 9:  

 
Step 1: If the data is not transmitted from IoT device to 

Process Unit check the distance between them. 
Step 2: If the distance is under the maximum limits then use 

wireless.  
Step 3: Otherwise, check for the magnetic field barrier and 

use Faraday Cage to protect wireless system from 
magnetic field barrier. 

Step 4: If the data transmitted by the wireless system to 
Process Unit is not received, then use GSM for the 
data transmission. 

Step 5: Check for the data received by the Process Unit if 
there is no loss when transmitting. 

 
 

 
Figure 9: A roadmap to overcome transmission problems in ISI. 

D. Solution to Cyber Attacks 

Connecting most devices to the internet means that we are 
vulnerable to any cyber attack. Except for negatively affecting 

will lead to enormous danger. These attacks can threaten the 
safety of the machines and equipment. Cyberattacks on IoT 
systems are very critical since they may cause physical damage 
and even threaten human lives in ISI [18]. 
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The most effective way to prevent cyber attacks is to create 
a firewall. Firewall is designed to protect network systems 
from many negative content such as bad codes, viruses and 
hackers coming from internet as see in Fig. 10 [19]. Besides, 
using Firewall and Snort technology together will increase our 
security against intruders. All switches in our network are 
connected to a snort device and the switches in the network are 
directly connected to the Firewall. The packets passing 
through the firewall are connected to the internet via the 

router. This creates a secure network. At this point, well-
designed network design creates an intensive protective shield 
for the industry. Identification of policy violations and 
abnormalities on systems should be considered against cyber-
attacks. Additionally, the central monitoring system is 
necessary for instant intervention to the attack attempt. 7x24 
automated monitoring, error detection and warning and tracing 
the packets for keeping logs should be provided by network 
manager. 

 
Figure 10: A sample network topology between industrial plant and Internet [16]

V. CONCLUSION 

In this paper, IoT's important application in the 
implementation of the ISI is mentioned and some solutions are 
proposed for the problems. In today's technology, problems 
are encountered in the application of IoT in ISI such as 
magnetic field barrier, distance and cyber attacks and some 
solution methods are suggested for the corresponding 
problems in this paper. However, different solutions can be 
chosen in practice. Besides, IoT will always provide 
significant impact to the ISI. These suggested solutions will 
further improve the efficiency in ISI and will open the way for 
the implementation of new technologies. 
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Abstract  The use of Permanent Magnet Synchronous Motor 
(PMSM) in the industry has recently increased strongly because 
of its advantages such as high efficiency and torque intensity. 
The ordinary speed control of these motors use encoders which 
has an effect of increasing the noise, complexity, and price of the 
system. To alleviate these problems, sensorless speed control is 
advised as an alternative which commonly used in the industry. 
There are a lot of available sensorless algorithms but the most 
efficient methods are Modal Reference Adaptive System 
(MRAS), Slide Mode Observer (SMO) and Extended Kalman 
Filter (EKF). The implementation of these methods is frequently 
accomplished using, either DSP or FPGA. The DSP 
implementation is preferred if the number of channels is less 
than two. For instance, in sensorless speed control of PMSM 
especially in the electrical vehicle applications, the number of 
channels is more than 10. In such cases, due to limited resources, 
DSP implementation is not feasible, while FPGA can provide 
tremendous resources and parallel programming capabilities. 
As the speed of the complex algorithms is a crucial parameter in 
sensorless control of PMSM, FPGA seems to be an alternative 
to the common DSP implementation of these algorithms. This 
paper gives a review on using FPGA in the controller that can 
be used for sensorless control of PMSM and propose to use 
simple algorithms which will reduce the number of components 
in FPGA-based control IC and will enable the control process to 
be finished in the dead time of the inverter or even decrease the 
required dead time. 
 

Keywords  FPGA, IPMSM, PI Controller, SVPWM.  
 

I. INTRODUCTION 

he Interior Permanent Magnet Synchronous Motors 
(IPMSMs) have become more and more valuable in 

many industrial applications because of many features such 
as high-power density, high torque to inertia ratio, and high 
efficiency. In space vector diagram, the addition of the three 
phase motor stator currents will create a current vector with 
certain magnitude and angle. By orienting this stator current 

maximum amount of torque for a given amount of stator 
current can be obtained. Hence it is necessary to know the 
rotor position information to be able to control the speed and 
torque of these motors. Measurement devices such as 
resolvers or encoders can be used to obtain rotor angle 
information but these devices have high prices, increase the 
wiring complexity and add noise to the system. To solve this 
problem sensorless algorithms can be applied. There are a lot 
of sensorless algorithms, the most famous are SMO, MRAS, 
Fuzzy Sliding Mode, etc. To implement these 
sensorless algorithms, two platforms either DSP or FPGA are 

mostly utilized. If the sampling rate has a moderate value and 
is a single-channel the DSP can be used but if sampling rates 
increases more than a couple of megahertz, or if the system 
have more than one channel, FPGAs is preferred. For 
instance, in sensorless speed control, if the sampling rate is 
10 kHz and there are a lot of channels, FPGAs becomes more 
suitable option. Another criteria is that the DSPs are 
instruction based while FPGAs are clock based so to 
implement any simple mathematic process in DSP three or 
four initiating instruction have to be processed, as a result an 
additional time will be lost because of these initiating 
instructions 

In the following section the current trend in control of 
PMSM will be covered and the examples in the literature 
where FPGA is preferred will be highlighted 

II. FPGA IN PMSM CONTROL 

The general block diagram for the speed control of the 
PMSM is shown in Figure 1. Two controller loops exist: 
outer loop for the speed and inner loop for the current. The 
outer loop commands the reference current values, while the 
inner loop use these reference current values and commands 
the reference voltage values. These reference voltages used 
to generate SVPWM signals for the inverter. For successful 
speed control process, two conditions should be justified: 

 
1. All the calculations should be finished within the 

deadtime limit of the SVPWM signals. 
2. The Current controller should command the voltage 

values to the SVPWM signal generator block before 

a new value of currents come to the controller from 
the outer loop speed controller. 

In [1], two types of controller namely Speed PI Controller 
and deadbeat current Controller [6-8], have been designed 
on FPGA platform for speed control of IPMSM. The 
timing chart of this FPGA design is shown in Figure 2. 
Inspecting Figure 3 shows that the Iq requires about 100 

qref. This means this deadbeat current 
controller can track the commanded values that comes 
from the speed controller in 100 us. In normal current PI 
Controller used for PMSM the response is limited to some 
milliseconds. Hence using FPGA makes this design can be 
used in very precise speed control of the IPMSM. 
An interesting FPGA module is proposed in [2], this 
module consists of a fuzzy controller, a reference model 
for the PMSM and an adjusting mechanism (to minimize 
the error between the rotor speed and the output of the 
reference model). The adaptive fuzzy control in speed 
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control loop is realized by software method under the 
NIOS embedded processor and a current vector control is 
implemented using PLD. The dead time for the inverter is 

Figure 4 shows that the system tracks the real speed. 
 

 
Figure 1:  General Speed Control of PMSM. 

 

 
 

Figure 2: Timing chart of FPGA based Hardware Controller [1]. 

    
In PMSM Speed Control, one of the basic mathematical 

task is to find the inverse Clarke i.e. -
and currents to a-b-c voltages and currents as shown in (1-3):  

 
  (1) 
   
 

 
(2) 

   
 

 
(3) 

 

In [2] the authors are proposed the following 

implementation to find the value of    : 

 
 

 

(4) 

 
Equation (4) is representing in FPGA as shown in Figure 5. 
When applying this equation in VHDL the number of logic 
elements will be 125: 

But it is easier to represent  by equation (5): 

 
 

 
(5) 

 

Equation (5) can be represented in VHDL code as shown 
below. The compilation report is shown in Figure 6, where 

the number on logic elements have been decreased from 125 
to only 54. 
 
library IEEE;use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity root is 
port( clk    : in std_logic; 
      a      : in std_logic_vector(17 downto 0); 
      c      : out std_logic_vector(17 downto 0) ); 
end root; 
architecture Behavioral of root is 
signal a1,a2,a3,a4,a5: std_logic_vector(17 downto 0); 
begin 
process (clk) begin 
if (clk'event and clk='1')  then 
a1 <=a; 
end if; 
a1 <=a; 
a2<= "000" & a1(17 downto 3);--divding by 8 
a3<= "0000000" & a1(17 downto 7);--dividing by 128 
a4<= "0000000000" & a1(17 downto 10);--dividing by 1024 
a5<=a1-a2-a3-a4;--(sqrt(3) divided by 2 )= 1-1/8-1/128-
1/1024 
c<=a5; 
end process; 
end Behavioral; 
 

The work in [3] have designed a novel FPGA based algorithm 
aimed for the low speed range by injecting a high frequency 
signal in stator winding [9-11] and shows a good result as 
shown in Figure 7Figure 8. It can be seen that the estimated 
speed tracks the measured speed in spite of that the reference 
speed is square wave which subject the system to hard 
transitions. 
 

 
 

Figure 3: Simulation result for step response [1]. 

The work in [4] propose use two reduced order EKF work in 
parallel on FPGA platform as shown in  
Figure 9 and shows good tracking result as shown in Figure 
10. In this study, PI controller for speed and current control is 
used, where PI parameters are calculated only one time 
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during the design process which is a compromise between 
short rise time and minimum overshoot.  
The PI controller will eventually make the control process 
less accurate. To alleviate the problem the model predictive 
control might be a possible solution. 

 
Figure 4: Tracking results between the output of reference 

model and the actual rotor speed under 1.0 Nm load torque but 
. 

 

 
Figure 5: Inverse Clarke formulation [2]. 

 

 
Figure 6: Compilation Report of the VHDL code in page 2. 

 

 

 
 

Figure 7: The reference, measured and estimated speed [3]. 

 

 
 

Figure 8: Estimated inductances [3]. 
 
         Two types of direct torque controller (DTC) [15-17] for 
PMSM shown in Figure 11 have been controlled in [5]. In the 
controllers, single chip FPGA are used. One of the controllers 
was constructed by programming a soft-core CPU and 
hardware logic circuits written in VHDL, while the other was 
constructed of only hardware. This work proved that the 
controller which implemented solely on hardware logic 
circuits was able to shorten the control period and it was able 
to suppress the low torque ripple. So constructing all control 
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function completely on hardware will decrease the processing 
time, but at the expense on increasing of logic elements which 
are not a problem in large scale IC. So in this work processing 
time is decreased from 50 s to 20.34 s. On the other hand, 
the rate of total logic elements increased from 35% to 53%. 
 

 
 

Figure 9: The proposed speed control system in [4]. 
 

 

 
Figure 10: Speed response by using the full-order EKF 

and parallel reduced order EKF under speed varying from 
 [4]. 

 

 
 

Figure 11: Block diagram of DTC for PMSM [5]. 

 

III. MODEL PREDICTIVE CONTROL 

Conventional control for IPMSM are based on PI controller 

algorithm as shown in Figure 12, where PI parameters are 

calculated only one time during the design process which is a 

compromise between short rise time and minimum overshoot, 

which would decrease the accuracy of the system. Nowadays 

FPGAs are cheap in price and conventional PI speed and 

current controller have been replaced by Model Predicting 

Control (MCP) [18-20] using parallel computing on FPGA. 

This process will give more accurate results and better control 

system. MPC can be explained as follows: In any three-phase 

voltage source inverter as shown in Figure 13, six gate signals 

are needed. In SVPWM there are 8 states for these gate 

signals as shown in Table 1, where state zero and state seven 

are equivalent because in these two states no current flow in 

the inverter, hence the active states reduced to 7 states. 

The scheme for MPC current control is shown in Figure 14. 

The errors between the commanded and estimated currents 

are entered to a cost function (6). This function will be 

implemented on FPGA platform and consists of seven 

internal equations. The result of these seven equations will 

determine which switching mode in Table 1 will be applied 

to the gates of the inverter. 
 

  (6) 

 

 

Figure 12:  PI Current Controller. 
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Figure 13: Three-phase bridge transistor. 
 
 

 
 

Figure 14: Model Predictive Current Control. 
 

IV. CONCLUSION 

The current trend in literature shows that FPGA is more preferable 
compared to DSP in PMSM control because of complexity of the 
proposed algorithm which requires a lot of channels in the speed and 
current control. Also, FPGA is capable of running parallel as FPGA 
is clock-based which means faster processing capability compared 
to instruction based DSP. In order to achieve an efficient system, the 
control process should be finalized in the dead time of the space 
vector pulse width modulation. In the implementation of FPGA 
based controller, the speed-up might be achieved by introducing 
hardware solutions such as the one proposed in [2], but we propose 
to use equation (5) instead of equation (4) because as we shown 
previously it will reduce the number of logic elements from 125 to 
54 which means decreasing the size of components for the algorithm 
by 56.8 %.  Sometimes to speed up the control process some 
challenging steps like using modal predicting current and speed 
control instead of PI controller should be done. 

 
 

Table 1:  Eight Possible Switching States. 
Switching 

 Mode 

Voltage  

Vector 

Switching Gates 

Phase a Phase b Phase c 

0 V0 - - - 

1 V1 + - - 

2 V2 + + - 

3 V3 - + - 

4 V4 - + + 

5 V5 - - + 

6 V6 + - + 

7 V7 + + + 
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Abstract - Multi-hop wireless network architectures can be 

used in communicating floor fixtures with the control panel 
of elevator systems. A novel Wireless Short Packet (WSP) 
protocol based non-acknowledged multi-hop wireless 
network design utilizing energy harvesting technology is 
proposed in this paper for the data communication in 
elevator systems. Experimental results obtained for average 
hop time show that the proposed network can operate in 
elevator systems of low-rise and medium-rise buildings. 
Experimental results about telegram average power 
emphasize that the network design can be developed to 
operate even in high-rise buildings. Usage of wireless 
technology together with energy harvesting technology 
provides high flexibility and enables integration of the 
elevator system with home automation and building 
management systems. 

 
Keywords  Wireless short packet protocol, multi-hop 

wireless network, data communication, elevator 

 

I. INTRODUCTION 

n elevator systems, shortening the installation, 
maintenance and troubleshooting periods is crucial and 

therefore there are various solutions proposed in the 
literature covering those subjects [1-3]. At the same time, 
maintaining a high-quality, high-speed, flexible and 
reliable communication system for floor fixtures is very 
essential in application [4, 5]. Considering those points, a 
non-acknowledged multi-hop wireless network design  
using the Wireless Short Packet (WSP) protocol to 
control floor fixtures of elevator is proposed in this paper 
with the aim of benefiting from low power consumption 
and reliability of WSP protocol-based devices and taking 
the advantage of using wireless batteryless hallway call 
buttons. In the second section, the WSP protocol is 
introduced. The third section is about multi-hop wireless 
network architectures that can be used in N-floor elevator 
systems. The network topology and the routing technique 
proposed are given in the fourth section. Section five 
describes the experiments performed for the proposed 
method and displays the experimental results. The 
advantages and important points of using the proposed 
method in elevator systems are discussed in the sixth 
section.   

 

II. WSP PROTOCOL 

WSP protocol specifies the first three layers in OSI 
model. The main idea behind this protocol is keeping the 
communication as short as possible using Sub-1 GHz 
frequencies with ASK or FSK modulation to provide 
good range, and keeping power consumption as low as 
possible to be able to use energy harvesting technology in 
designing switches and sensors. Messages in this protocol 
are called telegrams and each telegram consists of at least 
three subtelegrams. According to the type of WSP device, 
there are two mechanisms used to increase the reliability 
of the connection. The first one is sending the same 
message three times (three subtelegrams) in as short a 
time as possible with randomized time in-between. Thus, 
if one or two messages witnessed a distortion, the 
possibility of the third message to be received would be 
much higher. The second mechanism is Listen Before 
Talk (LBT) technique, where a transceiver does not send 
any message before ensuring that the channel used is not 
crowded with same-frequency signals [6]. 
 

III. MULTI-HOP WIRELESS NETWORKS 

The type of multi-hop wireless networks used to 
control floor fixtures is the linear one where each point 
can send a message to the control panel while the points 
in-between repeat the message sequentially till the 
message arrives to the control panel. The structure of a 
linear multi-hop wireless network is given in Figure 1. 

 

 
Figure 1: Example for linear multi-hop wireless network 

structure 

 
In Figure 1, the time t required for one hop between 

two adjacent nodes is called the hop time that can be 
determined with 

 
    (1) 

 
where t1 is the processing time and t2 is the propagation 
time. Assuming that all hop times are equal, the total hop 
time, i.e. , of a message sent from the first floor to 
the control panel (CP) is N * t for an N-floor elevator. 
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 for a message sent from a source point S to CP 
can be computed with 

 
 (2) 

  

 
Figure 2: Example for linear double-jump multi-hop network 

structure 

 
The linear double-jump multi-hop network displayed 

in Figure 2 can be another choice where telegrams travel 
with double jumps to reach the destination instead of 
making one jump at a time. 

In this network,  can be calculated with 
 

 
      

(3) 

 

IV. PROPOSED NETWORK TOPOLOGY AND 
ROUTING TECHNIQUE 

The proposed network is a non-acknowledged linear 
double-jump multi-hop network. The advantages of WSP 
protocol, i.e. providing transmission of the same message 
at least three times in a short period of time 
(approximately from 0.7 ms [7] to 1.2 ms [8] for each 
subtelegram) and using LBT technique, were the biggest 
motivation behind adopting the WSP protocol and 
integrating it to the proposed network. The telegram type 
used is VLD telegram [9], whose structure is given in 
Table 1. VLD telegrams contain a variable payload up to 
14 bytes in which different types of designed message can 
be located. RORG determines the type of telegram, and it 
is 0xD2 for VLD telegrams. Sender ID contains a 4-byte 
ID of the sender. Status field is not used in the proposed 
network, and CRC8 is used to detect transmission errors. 

 

Table 1: VLD telegram structure  
 

RORG Payload Sender ID Status CRC8 

0xD2 
1..14 
bytes 

ID_3 ID_2 ID_1 ID_0 1 byte 1 byte 

 
There are four types of messages designed for this 

network and all of them have the same structure shown in 
Table 2. Essentially, there are three bytes responsible for 
the routing information; sender address, hop point address 
and destination address. Sender address and destination 
address are fixed for the message while hop point address 
is changed at every hop point. 

 

Table 2: Message structure 
 

1 byte 1 byte 1 byte 1 byte x bytes 

Sender 
address 

Hop point 
address 

Destination 
address 

Message 
type 

Data 

 
 

Table 3: Message types 
 

No. Message type 

1 MULTIHOP_ROUTING_TABLE_MSG 

2 ROUTING_SCREEN_REFRESH_MSG 

3 ROUTING_BUTTON_MSG 

4 FLOOR_CALL_LAMP_MSG 

 
Four types of messages designed for the proposed 

network are given in Table 3. The first message type 
transmits the routing tables for each individual point. The 
second one, which is a broadcasting message, refreshes 
the LCDs at each floor. The third one carr

one activates the floor call lamp in case the call button is 
pressed or deactivates it in case the cabin has reached its 
destination. 

Each point has its individual routing table whose 
structure is given in Table 4. It includes all the addresses 
from which messages can be received considering 
whether the messages are in the upstream direction or in 
the downstream direction. Downstream route enable field 
is used to enable some points to re-route messages in the 
downstream direction which helps decreasing the number 
of potential telegram collisions as well as the channel 
traffic. 

 

Table 4: Routing table structure 
 

1 byte 1 byte 1 byte 1 byte 1 byte 

Upstream 
address 1 

Upstream 
address 2 

Downstream 
address 1 

Downstream 
address 2 

Downstream 
route enable 

 
To demonstrate the network on a 5-floor elevator, 

routes of messages between the control panel and floor 
units are shown in Figures Figure 3 and Figure 4. The 
network has been designed particularly to make the last 
floor unit participate in each transmission to increase the 
signal strength between the control panel and the linear 
multi-hop network, especially if the control panel has 
been installed far from the embodiment, or in case that 
flooring between the machine room and the last floor has 
been made of special materials which may cause 
attenuation in radio signals. Table 5 shows the static 
routing tables for each floor unit that must be distributed 
by the control panel before the network is able to transmit 
messages. Double jumps help decreasing the number of 
transmissi screen  type 
message since it occupies the biggest portion of the 
network traffic. screen  messages are 
broadcasted by CP and forwarded using just two floor 
units, i.e. unit 5 and unit 3, as shown in Figure 5. 
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Figure 3: Routes of different messages transmitted from each 

individual floor unit to control panel 

 
 

 
Figure 4: Routes of different messages transmitted from control 

panel to each individual floor unit 

 

Table 5: Routing tables for each floor unit 
 

Unit 
No. 

Upstream 
address 1 

Upstream 
address 2 

Downstream 
address 1 

Downstream 
address 2 

Downstream 
route enable 

5 3 4 254* 0 1 

4 2 0 5 0 0 

3 1 0 5 0 1 

2 0 0 3 0 0 

1 0 0 3 0 0 

 

 

 
Figure 5: The route of the broadcasting telegram 

 

 
Figure 6: Floor unit 

V. EXPERIMENTS 

 
A. Hardware and Software Integration 

The floor unit consists of four components, i.e. 
Arduino UNO, TCM320 transceiver, keypad and 2x16 
LCD, as shown in Figure 6. TCM320 transceiver is 
compliant with WSP protocol specifications. Some of its 
technical data [8] is shown in Table 6. TCM320 module, 
loaded with Gateway Controller firmware, is driven by 
Arduino UNO through UART using ESP3 protocol [10]. 
Two devices have been used to receive the telegrams over 
a laptop computer. The first one is the USB300 gateway 
[11], while the second one is the EOP350 development 
board accompanied with a TCM320 module loaded with 
DolphinSniffer firmware. Telegrams have been shown 
and analyzed using DolphinView software [12]. The 
laptop computer used in experiments has an Intel(R) 
Core(TM) i5-6200U CPU @2.30 GHz 2.40 GHz 
microprocessor and the operating system is 64-bit 
Windows 10. 

 

Table 6: Technical data TCM320 
 

Antenna  8.6 cm whip 

Frequency  868 MHz 

Modulation  ASK 

Receiver Sensitivity -96 dBm 

Data rate 125 kbps 

Conducted Output 
Power at 50  

3 dBm

 
B. Hop Time Measurement 

This experiment has been conducted to find the hop 
time of the network. The experimental setup shown in 
Figure 7 has been established in the laboratory. Ten        

13-byte long telegrams have been sent from unit 1 to 
CP with a rate of 1 telegram/s. In this case, there are two 
hops at units 3 and 5. USB300 gateway and DolphinView 
software have been used to read and analyze all telegrams 
sent from each individual unit in the network. 

 

 
Figure 7: Hop time measurement setup 

 

 
Taking into consideration that DolphinView software 

can show the timestamp of each received telegram, first 
hop time, i.e. the hop time at unit 3, has been computed 
by subtracting the timestamps of telegrams sent by units 1 
and 3. Second hop time, i.e. the hop time at unit 5, has 
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been computed by subtracting the timestamps of 
telegrams sent by units 3 and 5. Ten telegrams have been 
sent to get the average hop time, thus, getting more 
precise values. The first average hop time and the second 
average hop time have been determined as 16.1 ms and 
17.5 ms, respectively. Measured values are shown in 
Figures Figure 8 and Figure 9. The reason behind getting 
a higher value for the second average hop time with 
respect to that of the first one is the latency occurred in 
receiving the second telegram, which is possibly the 
result of not being able to receive the first subtelegram or 
busyness of the radio channel causing a delay in sending 
the subtelegram. 
 

 
Figure 8: First hop time 

 

 
Figure 9: Second hop time 

 

Figure 10: The floor plan of the building where the signal power 
experiment has been performed 

 

C. Signal Power Experiment 

This experiment has been conducted in a building 
having a floor height of 257.5 cm and a flooring thickness 
of 19.5 cm. The floor plan of the building where the 
experiment has been performed is shown in Figure 10. At 
the beginning, a floor unit has been fixed next to the 
elevator hallway door in the ground floor, and the antenna 
has been located in a horizontal position. The power of 
telegrams sent by this unit has been measured at each 
floor using an EOP350 development board, which is 
integrated with a TCM320 module loaded with 
DolphinSniffer firmware. The antenna of TCM320 has 
been located in a horizontal position and in parallel with 
that of the fixed floor unit as shown in Figure 11. All 
telegrams have been received by the laptop computer and 
analyzed using DolphinView software. To get more 
precise values, the telegram power at each floor has been 
measured 5 times and average value has been computed. 
 

 
Figure 11: Signal power experimental setup 

 

Figure 12: Telegram average power measured at each floor 

 
As given in Figure 12, experimental results show that 

telegram average power at the second floor is -58 dBm, 
which is a 38 dBm higher value than the receiver 
sensitivity of TCM320 module, i.e. -96 dBm. 
Furthermore, experimental results obtained at each floor 
up to the sixth one are above the receiver sensitivity limit. 
This shows the ability of the network to operate not only 
as a double-jump network but also as a multi-jump 
network which helps to decrease both telegram collisions 
and channel traffic. Continuously decreasing telegram 
power is normally expected as getting far from the ground 
floor however two exceptional increasing experimental 
values have been obtained at floors 2 and 5. This is 
possibly due to the non-homogeneity of flooring and 
slightly different structural effects.  
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VI. INSTALLATION AND EVALUATION 

Usage of wireless technology and energy harvesting 
switches has a considerable impact on installation, 
maintenance and troubleshooting periods of elevator 
systems. In the proposed method, there is no need to 
allocate separate cables for data transmission between the 
control panel and floor fixtures, since data is transferred 
wirelessly. Thus, the amount of cabling decreases 
resulting in a subsequent decrease in system complexity 
and installation costs. Furthermore, usage of energy 
harvesting switches requiring neither batteries nor power 
supply cables allows elevator call buttons to be mounted 
without drilling holes in walls. This has a big importance, 
especially when walls are coated with ceramic or 
porcelain avoiding splintering while drilling through tiles. 
Energy harvesting switches provide a high flexibility by 
enabling floor call buttons to be mounted on the preferred 
location, e.g. not only beside elevator hallway doors but 
also at the building entrance and beside apartment doors. 
Special buttons can be allocated for workers or VIP 
people enabling them to call elevator from a distance as 
shown in Figure 13. 

The two mechanisms of WSP protocol, i.e. sending the 
same message three times in as short a time as possible 
with randomized time in-between and the LBT technique,  
help to increase and maintain the reliability of the 
connection. This gives floor units immunity against the 
adjacent devices that use the same radio frequency. 
However, using ASK or FSK modulation demands 
further caution against the interference resulted from the 
adjacent surveillances. Mounting floor units outside the 
elevator shaft helps to prevent the effects of interference 
occurring due to various reflections caused by elevator 
rails, cabin and elevator doors. At the same time, it helps 
to lower the multipath fading and signal cancellation. 
Furthermore, some additional precautions may be 
considered like avoiding usage of multiple other devices 
that use the same radio frequency to enhance the safety 
conditions. While distributing floor units, spectrum 
analyzer should be used to analyze the channel and to 
position floor units in a way that will help lowering the 
multipath fading and preventing RF signal cancellation 
and thus getting high quality radio signals. 

  
 

 
Figure 13: Different possible locations for elevator call buttons 

using energy harvesting technology 

 

VII. CONCLUSION 

WSP protocol has been used to design a non-
acknowledged double-jump wireless network to provide 
data communication between floor fixtures and control 
panel of an elevator system. The reliability of WSP 
protocol is provided by iterating each message at least 
three times within a short period of time, in addition to 
the usage of LBT technique, which helps to decrease 
telegram collisions and channel traffic. Experimental 
average hop time results, i.e. 16.1 ms at the third floor 
and 17.5 ms at the fifth floor, show that the proposed 
network is able to operate in low-rise and medium-rise 
buildings. 

Experimental results obtained for telegram average 
power emphasize that the network can be designed to 
perform multi jumps instead of double jumps providing a 
possibility to operate even in high-rise buildings. The 
results showed that the designed network can be utilized 
to control the floor fixtures of elevator with high 
reliability. Since the designed network is dedicated for 
gathering call button commands and processing data that 
does not affect the elevator control system, the elevator 
system is considered completely safe. Should the network 
have more sensitive data to process, more investigations 
focusing on attenuation should be performed.  

Usage of wireless technology and energy harvesting 
technology provides the elevator system with high 
flexibility. Furthermore, it enables integration of the 
elevator system with home automation and building 
management systems. 
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Abstract  In this study, high efficiency design consideration of 
a front-end AC-DC Power Factor Correction (PFC) converter 
that utilizes silicon carbide power devices for Electrical Vehicle 
(EV) Battery Charger is presented. In order to obtain high 
efficiency, critical design parameters are extracted taking into 
consideration the loss distribution of the converter at universal 
line voltage range, 85-265 VRMS. Then, a simulation study is 
presented to validate operation of the converter with extracted 
design parameters. Simulation study is performed with 2.5 kW 
output power and 400 V output voltage at 85-265 VRMSs. Finally, 
loss and efficiency values obtained by simulation and analytically 
are compared and a good match is obtained. 

 
Keywords  Front-end boost converter, high efficiency design, 

EV battery charger.  
 

I. INTRODUCTION 

HE use of electrical vehicle (EV) rises rapidly because of 
global warming, benefits in the economic area and 

depletion of fossil fuels. Therefore, performance 
improvements of EV are required to increase demands over 
internal combustion engines. On-board EV battery chargers 
allow flexibility to end 
available power outlet. However, they bring extra volume and 
weight to total volume of EV. Thus, the cost of EV can be 
increased and its performance can be reduced. Therefore, 
studies on on-board EV battery chargers are focused on 
increasing power density and reducing weight [1]. 

The on-board battery charger composed of two paper stages. 
Front end AC-DC converter with Power Factor Correction 
(PFC) function is usually used at the first stage of an EV 
battery charger [1]-[9]. This architecture eliminates the high 
and low frequency ripple charging the battery without using a 
bulk filter capacitor [6]. The front end AC-DC converter used 
in this work is a conventional boost topology [10]-[11]. To 
keep conduction loss low at high power level continuous 
conduction mode (CCM) operation of boost converter is 
preferred. The second stage of battery charger is a dc-dc 
converter regulating the battery charge voltage [6]-[9]. This 
work is focused on the first stage of an on-board battery 
charger.  
 

Silicon Carbide (SiC) power devices have many advantages 
over Si technology. The high breakdown electric field of SiC 
allows low tur-on resistance compared to Si devices [12]. The 
active area that current is flowing is reduced in SiC 
technology, this results in decreased device capacitance and 
operation at high switching frequencies [13]. Besides, SiC 
technology allows operation at high temperatures and they are 
more reliable at a wide range of temperatures [14]. The high 
switching operation capability of SiC device at high power 
level is presented in [15] and their high temperature operation 
capability is given in [16]. These advantages of SiC 
technology 
efficiency at high power levels compared to Si technology [1], 
[17]. 

In this paper, high efficiency design procedure of a front 
end AC-DC converter utilizing SiC power devices is presented 
for the first stage of an on-board EV battery charger. The 
operation of the converter is tested by simulation at universal 
input, 85-265 VRMS, and with 2.5 kW output power and 400 V 
output voltage. The calculated efficiency values are obtained 
as 90.88% and 91.03% as theoretical while the line voltage is 
85 VRMSs and 265 VRMS.  

II. LOSS ANALYSIS OF A FRONT-END AC-DC PFC 

CONVERTER 

A front end AC-DC converter topology is shown in Figure 
1. Here, LB is the boost inductor, SB is the boost MOSFET, DB 
is the boost diode, DSB is the antiparallel diode of SB, Co is the 
output filter capacitor, vo is the output voltage, vi is the 
rectified input voltage, Ro is the load resistor, vac is the line 
voltage, iac is the line current, io is the output current and ii 
represents the current of boost inductor.  

The converter follows the rectified input voltage to produce 
the output voltage. The duty cycle of SB is varied to produce 
sine wave input current that is matching the line voltage, vac.  

The total loss of the converter composed of diode bridge 
losses, boost inductor losses, boost diode losses, boost 
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Figure 1. The circuit schematic of front-end AC-DC PFC 
converter. 

A. Diode Bridge Losses:  

Diode bridge from Crydom M5060 is used for the rectifier 
stage. Thus, the conduction losses of the diode bridge can be 
calculated as follows: 

.             (1) 

Above, ILB-Avg is the average current of LB inductor in one 
half of line period, VF is the drop voltage of a diode in diode 
bridge package. 

B. Boost Inductor Losses: 

Boost inductor is determined as homemade. Boost inductor 
losses include conduction loss and core loss due to inductor 
current variation. The conduction loss can be calculated by 

.             (2) 

Above, ILB-RMS is the root mean square (RMS) value of the 
inductor current, RLB is the resistance of the boost inductor. 
The core losses can be extracted with help of datasheet of core 
material. 

C. Boost Diode Losses: 

Boost diode is selected as schottky Silicon Carbide (SiC) 
diode from Cree as C5D50065D. Boost diode losses are 
composed of conduction loss and reverse recovery loss. The 
conduction losses can be written as 

.     (3) 

Where, IDB-AVG is the average value of the boost diode, VF-DB 
is the drop voltage of the boost diode, IDB-RMS is the RMS value 
of the boost diode current and Rt is the internal resistance of 
the boost diode.  
 

The reverse recovery loss can be calculated as follows: 

.           (4) 

Where, fSW is the switching frequency, Qc is the stored 
charge in junction layers of the boost diode. 

D.  

The boost MOSFET is selected as SiC form Cree as 
C2M0040120D. MOSFET losses are composed of the 
conduction loss, switching loss and the gate drive loss. The 
conduction loss can be written as 

.            (5) 

Above, iSB-RMS is the RMS value of MOSFET current and 
RDS-on is the turn-on resistance of the SB MOSFET.  
The switching losses can be calculated by 

.     (6) 

Above, ton is the turn-on transition time of SB and the toff is 
the turn-off transition time of SB. The gate drive loss can be 
written as 

.             (7) 

Where Vg is the gate drive voltage, Qg is the gate charge. 

E. Dielectric Losses of Filter Capacitor: 

The dielectric losses of the filter capacitor can be calculated 
as follows: 

              (8) 

Where, ICo-RMS is the RMS value of the capacitor current and 
ESR is the equivalent series resistor of the capacitor. 

III. DESIGN PROCEDURE 

The design of the circuit includes power stage design and 
control circuit design.  

In the power stage, LB boost inductor is designed to operate 
in CCM and to provide PFC according to following equation. 
Where D is the maximum operated duty at low line voltage 
Vac(min)  

                                                               (9) 

The peak line current is obtained at low line and it can be 
written as 

.                                                           (10) 

The acceptable ripple current can be selected as 20%. The 
filter capacitor Co can be calculated based on output voltage 
ripple, output power and hold-up time requirement. 

The peak voltage of the boost MOSFET and boost diode is 
limited by the output voltage. The peak current of the boost 
MOSFET equal to Iac(pk).  

For the controller design, the average current mode control 
method is selected. The switching control signals are produced 
with required control block diagrams in simulation. 

Based on determined design parameters given in Table 1, 
efficiency values are obtained as given in Table 2 for universal 
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line voltage range. The calculated efficiency and simulated 
efficiency values are good match with each other. 

Table 1: Determined Design parameters of front end AC-DC 
converter 

Po=2.5 kW, Vo=400V, Vin=85-265 VRMS 

LB  

Co  

Ro 64  

SB SiC C2M0040120D 

DB SiC C5D50065D 

 

 

Table 2: The obtained efficiency values for universal line range 

The input 
voltage (RMS) 

Calculated 
Efficiency (%) 

Simulated 
Efficiency (%) 

85 90.88 91.03 

220 96.57 96.76 

265 97.03 97.45 

IV. SIMULATION STUDY 

The simulation of front-end AC-DC converter is performed 
with 2.5 kW output power, 400 V output voltage for 85-265 
VRMS line voltage. The obtained waveforms for 85-265 VRMS is 
given in Figure 2. Figure 2 (a) shows line voltage, vac, line 
current, iac, and the output voltage, vo for 85 VRMS. Figure 2 (b) 
shows line voltage, vac, line current, iac, and the output voltage, 
vo for 220 VRMS. Figure 2 (c) shows line voltage, vac, line 
current, iac, and the output voltage, vo for 265 VRMS. 

 

 
(a) 
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(b) 

 
(c) 

Figure 2. Simulated waveforms: vac (blue), iac (red), vo (green).

I. CONCLUSION 

This paper presents a front end AC-DC PFC converter for 
the first stage of an on-board EV battery charger. The loss 
analysis and the design parameters of the converter is 
evaluated based on high efficiency. A simulation study is 
performed for 2.5 kW output power and 400 V output voltage 
when the input voltage varied between 85 VRMS and 265 VRMS. 
According to obtained design parameters, an efficiency 
comparison between calculation and simulation is done and 
obtained results are found in good match. The maximum 

efficiency is calculated as 97.03% at 265 VRMS line voltage. 

ACKNOWLEDGMENT 

This work is supported by TUBITAK under grant number 
of 116E125. 

REFERENCES 

[1] B. Whitaker, A. Barkley, Z. Cole, B. Passmore, D. Martin, T.R. 
-density, high-

efficiency, isolated on-board vehicle battery charger utilizing silicon 

29, pp. 2606-2617, January 2014. 

411 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

[2] 
power levels, and infrastructure for plug-in electric and hybrid 

-
2169, May 2013. 

[3] M. Grenier, M.H. -board charger 
for plug-
and Drives, Brighton, England, 19-21 April 2010. 

[4] S. Haghbin, K. Khan, S. Lundmark, M. Alakula, O. Carlson, M. Leksell, 
O. Wallmark, 

-8 
September 2010. 

[5] 
drives in electric, hybrid electric, and plug-
IEEE Trans. Ind. Appl., vol. 55, pp. 2237 2245, June 2008.  

[6] 
LLC resonant DC DC converter for wide output voltage range battery 

s. on Power Electronics, vol. 28, pp. 
5437-5445, March 2013. 

[7] 

On Vehicular Technology, vol. 63, pp. 1581-1592, May 2014.  
[8] 

LLC resonant converter in battery charging applications based on time-

30, pp.5469-5483, May 2015. 
[9] Y. S. Dow, H. H. Kim

Electric Vehicle Symposium and Exhibition, Kintex, South Korea, 3-6 
May 2015. 

[10] tigation 
of single-
Appl. Power Electron. Conf. Expo., 2004, vol. 3, pp. 1481 1487.  

[11] L. Yang, B. Lu, W. Dong, Z. Lu, M. Xu, F. C. Lee, and W. G. 
CM PFC 

converter for 

2004, vol. 2, pp. 763 769. 
[12] A. R. Hefner, R. Singh, J. S. Lai, D. W. Berning, S. Bouche, and C. 

wide rang
2, pp. 273 280, Mar. 2001. 

[13] A. M. Abou-
1-MHz hard-switched silicon carbide DC
Power. Electron., vol. 21, no. 4, pp. 880 889, Jul. 2006. 

[14] ment 

Power Electron, vol. 18, no. 3, pp. 907 914, May 2003. 
[15] 

Power Electron. Conf. Expo. (APEC), 2010, pp. 1572 1577. 
[16]  T. Funaki, J. C. Balda, J. Junghans, A. S. Kashyap, H. A. Mantooth, 

, 
vol. 22, no. 4, pp. 1321 1329, Jul. 2007. 

[17] 
hybrid electric and plug-
Appl., vol. 47, no. 2, pp. 912 921, Mar./Apr. 2011. 

412 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

The Effect of the Number of Blades on Electrical 

Energy Production System by Using a Vertical 

Barrel from Wind Energy 

 

hmed A. AL-HASHMAWI2 

ozkan@gantep.edu.tr 
2Gaziantep University Gaziantep/Turkey, ahmadabdlazez@gmail.com 

 

Abstract - Worldwide interest in renewable energy systems 
has increased dramatically, due to environmental concerns 
like climate change and other factors. Wind power is a major 
source of sustainable energy, and can be harvested using both 
horizontal and vertical axis wind turbines. This work presents 
studies of a vertical axis wind turbine performance for 
applications in urban areas. In this project, experimental 
comparison and investigations were carried out to study the 
performance and to make a comparison between two and five 
blade rotor wind turbine. For this purpose, two models of two 
and five blades from traditional barrel were designed and 
manufactured. These two models were tested and investigated 
under the normal climate conditions of the Turkish city of 
Gaziantep. Both models have a self-start at low wind speeds of 
20 RPM at 2 m/s wind velocity. It was observed from the 
measured and calculated results that the two blade  rotor 
wind turbines is more efficient, it has a higher power 
coefficient under the same test condition than that of five 
blade rotor wind turbine. The reason is that increasing the 
number of blades will increase the drag surfaces against the 
wind air flow and causes to increase the reverse torque and 
leads to decrease the net torque working on the blades of a 
rotor wind turbine. 
 
Key Words: Vertical axis wind turbine, savonius, electric 
power, voltage. 
 

I. INTRODUCTION 
RADITIONAL energy has become expensive and an 
environmental hazard, therefore; it is necessary to find 

an alternative energy source from renewable energy 
sources to reduce the high usage of fossil fuels and also to 
reduce the damage caused by CO2 emissions. A lot of 
countries have gone to find new energy sources to escape 
the escalating disadvantages of fossil fuels and to improve 
alternative clean energy sources more than ever before. 
Wind energy is a good source of renewable energy, 
because of its availability throughout the year; it is also 
considered pollution free to the environment. 

Turkey is one of the countries that tries hard to develop 
renewable energy sources, especially after the expansion of 
the Turkish economy in recent years, which led to 
increasing in the consumption of primary energy. Over the 

last 10 years a rise in the share of energy production has 
been seen from renewable sources [1]. 

Despite of the rapid increase in the use of wind as a 
source of electricity in the world, it is still limited to meet 
the needs of energy, whereas only a few regions is using it. 
In more than 80 countries, commercial wind turbines 
activities have seen widespread at the end of 2015. There 
are also 26 countries with more than 1 GW output, 
according to one of the reports. Wind energy has generated 
electrical power more than any other technology in 2015. 
Turkey is expected to add more than 4.7 GW by the end of 
2015. China has added new capabilities, which alone 
represent nearly half of the world's additions. By the end of 
2015, Denmark, Sweden, Germany, Ireland and Spain are 
among the leading countries of total wind power per capita 
[2]. 

At 2011, the capacity of wind power plants reached 
1.729 GW in Turkey and it will reach 20 GW in 2023 
according to the general wind energy policy of Turkey [3]. 

 
Wind energy was used in the distant past to provide 

mechanical energy such as pumping water and grinding 
grain. After the oil price shock in 1970, the world's 
population need to consume more electricity and the lack 
of possibility to generate in some places because of the 
scarcity of resources such as fossil fuels, wind power has 
returned to the surface again to generate electricity rather 
than mechanical energy [4]. 

In some places, especially the urban cities, there's a 
small wind turbine that meets the limited needs. This made 
everyone have the ability to make such turbines and access 
renewable sources easily. Where there is a classification 
based on the capacity produced and different sizes such as 
utility-scale, it is a large turbine with a capacity of 900 kW 
to 3 MW, industrial-scale, ranging from 50 kW to 250 kW 
with a medium size and residential-scale, its capacity 
ranges from 400 watts to approximately 50 kW with a 
small size turbines [5]. 

The basic principle of wind turbine work is to convert 
wind energy into mechanical energy and then convert 
mechanical energy to electricity [6]. 

There is a good efficiency of both horizontal (HAWT) 
and vertical (VAWT) axis wind turbines. But the (HAWT) 

T 
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efficiency is better than the (VAWT) and therefore it's the 
most widespread in the world [7]. 

The main objective of this research is to study the 
aerodynamics characteristics for two Savonius wind 
turbine models and to study the two models efficiency in 
the electrical power generating to contribute in enhancing 
the performance of these two models. To achieve these 
goals the following arrangement must be done: 

1. Designing and manufacturing two and five blades 
Savonius wind turbine models. 

2. Calculating the speed of wind blowing on the 
blade, also measuring rotational speed of the turbine. 

3. Calculating both voltage and electrical current that 
generated from the generator for obtaining value electrical 
power 

4. Calculating both power coefficient and tip speed 
ratio by mathematical equations to compare them with 
experimental results. 

A statement of the problem is the increase in negative 
effect of fossil fuels on the environment has forced many 
countries including Turkey to use renewable energy 
sources. Today clean domestic and renewable energy is 
commonly accepted as the key for future life, not for 
Turkey just but also for the world. As wind energy is an 
alternative clean energy source compared to the fossil fuels 
that pollute the atmosphere, systems that convert wind 
energy to electricity have developed rapidly.  

A variable rotor with two or three or four blades was 
studied, with single steps and double steps, with end plates 
and without end plates, and overlapping ratios from 0 to 
0.35 with side ratios of 0.5, 1, 2, 4 and 5. All of these 
elements are experimentally tested to find the optimal 
designs of the Savonius turbines. The results showed that 
the two-blade rotor is more efficient than the three-and-
four blades, as well as double steps have better 
performance than single steps. The rotors with the end 
plate gave better efficiency than the rotor with no end 
plates. The rotors without the overlay ratio are better than 
rotors that have an overlay. The power factor also increases 
with at th . 

Experiments have been conducted by varying the 
number of blades from two to three in single-, two- and 
three-stage rotor systems. Both semicircular and twisted-
bladed rotors have been tested, It is observed that the 
power coefficient of the rotor decreases when the number 
of blades got increased from two to three. Hence, with an 
increase of the number of blades, the rotor performance 
decreases. It can be concluded from the experimental 
evidence that a two-bladed system gives optimum 
performance [9] 

By taking a Savonius turbine for two and three blades it 
was concluded that the power coefficient for both two and 
three blades savonius wind turbine, it appears that the 
power coefficient for two blades has a noticeable 
increasing value than the three blades. It appears that the 
two blade savonius wind turbines has its highest value of 
(0.21) at the tip speed ratio of (0.8), the three blades have a 
value of (0.17) at the tip speed ratio of (0.8) [10]. 
 

II. EXPERIMENTAL WORK 
Vertical wind turbines do not depend on the direction of 

the wind, furthermore, it is known for its easy design, 
cheap cost and without the need of elevated places because 

eas, on the other hand it 
is considered a low energy producing comparing with their 
eternal traditional competitor horizontal axis wind turbine 
type (HAWT). The turbine Savonius used in this 
experimental work is made using a barrel for two models: 
 Model one: An empty oil barrel of 58 cm diameter 

was used in this study, five openings were made on 
the sides of the barrel working as blades, the blades 

the turbine is 77.5 cm, the radius is 42 cm, the overall 
diameter 84 cm and the thickness is 1.33 mm, as 
shown in Figure 1. 

 Model two: Take the barrel again and cut it into two 

radius of the turbine is 51 cm, height 77.5 cm, the 
overall diameter rotor 102 cm and the thickness is 
1.33 mm, as shown in Figure 2. 

 

 
Figure 1: The model one of turbine Savonius . 
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Figure 2:  The model two of turbine Savonius . 

 

Mechanical system: is consisting of several parts, their 

main function is to convert wind energy to mechanical 

energy, the mechanical parts will be discussed in details as 

follows below:  

 To both it a pulley of 58 cm diameter 

was placed at the bottom of the barrel to be in a 

straight line with the pulley attached at the 

alternator, also a (V-shaped) belt was used to 

connect between the two mentioned pulleys, this 

belt shall be the link between the mechanical and 

the electrical systems 

 A steel shaft of 7 cm diameter was used 

to support the turbine, the shaft length is 290 cm 

with also considered as the turbine height. The 

the lower end of the shaft was fixed to a 

cylindrical base. A circular steel base of a 

diameter of 100 cm was used to support the 

turbine, the heavy weight of the steel base helped 

to maintain the turbine balance, also it gave the 

turbine more safety against the axial movement. 

Also additional weight was placed on the circular 

base to give more stability 

Electrical system: is consisting of several parts, their main 

function is to convert the mechanical energy to electrical 

energy, the electrical parts will be discussed in details as 

follows below:   

 Generator: In order to convert the mechanical 

energy that generates from the wind turbine rotation to 

electrical energy, a generator connected to the rotor shaft. 

The generator used in this study can generate DC and AC 

applications and an AC machine with large applications. 

The important thing for wind turbine applications is the 

right choice for an electric generator that suitable for needs. 

Factors to consider in choosing the generator are the source 

and type of load and the speed of the wind turbine. A 

washing machine motor with a (1500 RPM/min, 50 Hz), 

modifications were made to convert it to a permanent 

magnetic generator consisting of 2 and 4 Neodymium 

magnet, and also a pulley of 5 cm diameter was attached to 

the generator. Such ge -box which 

is blamable for noise and maintenance, so permanent 

generators are more efficient and reliable than induction 

used in small applications. 

Test Set-up 

After searching for a suitable place inside the Gaziantep 

university perimeters, the suggestion was set on placing the 

turbine on the roof of Seyirtepe Restaurant, which located 

on the higher position in the university territories. The roof 

of the restaurant was well known of the obstacles 

emptiness in four directions which helped in obtaining 

wind current perfectly from all directions.  

After choosing the suitable place, the turbine was moved 

from the physics laboratory- Gaziantep University to the 

restaurant roof as shown in Figure 3. 

 
Figure 3 Turbine location. 

Mathematical Expressions 

Through the calculation of the data for the two models in 

this work it is necessary to perform the analysis to compare 

the performance of the models with the other studies. Non-

dimensional coefficients are used for comparison to other 

similar study and authentication of the experiment. Two of 

these universally used non-dimensional objects are 

considered for this study. The power coefficient represents 

the energy conversion efficiency of the turbines as well as 
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the  tip speed ratio represents the ratio of the blade tip 

speed to the free stream wind speed [11]. 

Through the equations to be listed below, we can calculate 

the power coefficient and find the value of the tip speed 

ratio across a set of different wind speed for each rotary 

design with two blades and five blades 

The swept area of a wind turbine can get it from the 

dimensions of the rotor, as shown in Figure 4. 

A = H.D             (1) 

Where A The swept area, H  is rotor height (m) and D the 

rotor diameter (m). 

 
Figure 4 Schematic diagram of rotor wind turbine. [10] 

 

The actual available power from the wind is: 

 

 

The electrical power produced from the generator is: 

P_e=I.V          (3) 

Where I electric current and V voltage. 

 

The power coefficient (Cp) is assumed by 

C_p=P_e/P_a        (4) 

The angular velocity of the rotor is: 

 

(RPM). 

 

 

Where d is the diameter of the blade (m). 

III. RESULTS AND DISCUSSION    

 

 
Figure 5: Relation between velocity and rotation speed of 

five blade rotor. 

 
Figure 6:  Relation between velocity and rotation speed of 

two blade rotor. 

From the graph as shown in figures 5 and 6 display the 

relationship between the speed of rotation and wind speed 

ranging from(0 to 10.5) m/s for both models. Note that 

both models have the same the best self-starting 20 RPM at 

2 m/s wind velocity, but the graph shows that the two-

blade model has the highest rotational value of 150 RPM 

while the five blades up to 140 RPM. This is due to the 

increase in the number of blades leads to an increase in the 

number of convex surfaces that negatively affect the 

strength of clouds, which leads to the disruption of the 

speed of circulation and this affects the actual performance 

of the turbine. 

 
Figure 7: Relation between rotational speed and voltage of 

five blade rotor 
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Figure 8: Relation between rotational speed and voltage of 

two blade rotor. 

Through the graph showing the relationship between the 

speed of rotation and the voltage  to both models as shown 

in figures 7 and 8. Note that the highest value of the 

rotational speed of 150 RPM for the two-blade model 

generated (12.8 volts),  while the five-blade model at the 

highest speed of rotation 140 RPM generates (11.8 volts), 

at the same wind speed 10.5 m/s. This is because the ability 

of the two-blade model to rotate more than five blades 

leading to an increase in the number of generator cycles 

responsible for generating this voltage. 

 
Figure 9: Relation between TSR and power coefficient of 

five blade rotor. 

 
Figure 10: Relation between TSR and power coefficient of 

two blade rotor. 

Figures 9 and 10 appear the relationship between the power 

coefficient, which done calculated by using equation (4)  

and the tip speed ratio that production from the equation 

(6) of the rotor made from the conventional barrel by 

changing the number of blades between two blades and 

five blades to investigating performance of each model by 

using the same material of hardness, thickness, alternator 

and load. The two-blade rotor showed the maximum power 

coefficient (0.02) at the tip speed ratio of (0.564) while the 

five-blade rotor reaches the maximum power coefficient 

(0.0193) at the tip speed ratio (0.472) (see Table1 and 

Table2). Indicating that the two-blade rotor has better 

efficiency than the corresponding model in this work. 

I. CONCLUSION 
This research investigates the performance of vertical 

axis wind turbine models based on the drag force under 
normal climatic conditions from wind speed, temperature 
and pressure. Two models with different number blade 
were used to determine the effect of changing the number 
of blades on performance it. It has the same material, 
hardness, thickness, turbine height, end plates, electric 
generator and load. The first model is made of a traditional 
barrel containing five blades of the amount of angle 

ance 
coefficients for both models were determined under 
variable wind speed for every 5 minutes at 12 hours per 
day. 
 

1) Rotor with two blades up to 150 RPM at 10.5 m/s 
while the five blades up to 140 RPM for the same 
wind speed. 

2) The two blade rotor has power coefficient highest 
value of (0.02) at the tip speed ratio of (0.564), the 
five blades have a value of (0.0193) at the tip 
speed ratio of (0.472), this means that the two-
blade rotor has better performance than the five-
blade rotor. 

3) The two-blade rotor generated (12.8) volts, while 
the five-blade rotor generates (11.8) volts, at the 
same wind speed 10.5 m/s. This is because the 
ability of the two-blade model to rotate more than 
five blades leading to an increase in the number of 
generators rotate responsible for generating this 
voltage. 
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Abstract - This paper investigates the frequency estimation 

problem in a wireless sensor network. Frequency estimation is an 
important problem in signal processing where numerous 
algorithms are devised to estimate the frequency using a single 
sensor. In this paper, we want to estimate the common frequency 
of a distributed signal over a network. We suggest using a 
distributed Least Mean P-norm (LMP) algorithm for distributed 
frequency estimation in a network. The benefit of the proposed 
algorithm is that in addition to frequency, it can estimate the 
amplitude and phase of a sinusoidal signal as well. Simulation 
results show the effectiveness of the proposed algorithm in 
comparison to the non-distributed and one distributed notch 
filter-based algorithm in the literature. 

  
 

Keywords - Frequency estimation, distributed algorithm, 
wireless sensor network, Least mean p-norm, signal processing.  

 

I. INTRODUCTION 

HIS paper investigates the frequency estimation problem 
in a distributed network. Frequency estimation is an 

important signal processing task which has applications in 
Doppler frequency estimation in radar, frequency monitoring 
of a power system, and frequency analysis in speech 
processing. Many algorithms are developed for frequency 
estimation via a single sensor which some of them are Discrete 
Fourier Transform (DFT) method [1], Least Mean Squares 
(LMS) [2],  Weighted LS (WLS) [3], modified LMS [4], 
wavelet transform [5], Phase Lock Loop (PLL) [6], zero-
crossing [7], and Kalman filter [8]. 

Wireless sensor network is widely used in monitoring 
applications [9]. Frequency estimation can be employed in a 
network of agents. Several agents of a network may observe a 
sinusoidal signal with a common frequency. They can 
cooperatively estimate the frequency of the system. There are 
three strategies for distributed estimation in a network which 
are incremental, consensus and diffusion [10]. Incremental 
strategy is sensitive to sensor failure. Moreover, it is reported 
that diffusion strategy outperforms consensus in adaptive 
networks [11]. Therefore, we focus on diffusion strategy in 
this paper. There are some diffusion algorithms in the 
literature which [12-15] are a few of them. 

 Distributed frequency estimation over a network is done in 
some recent papers [16-17]. In [16], a distributed notch filter-

based algorithm is used for frequency estimation. Moreover, a 
distributed widely Kalman filtering approach is used for 
solving the problem in [17].  

 In this paper, a distributed LMP is suggested for distributed 
frequency estimation. The benefit of the proposed method is 
that it enables us to estimate the amplitude and the phase of the 
sinusoidal signal as well as frequency parameter. In this 
proposed algorithm, based on defining suitable local and 
global cost functions, a distributed diffusion algorithm is 
employed to estimate the common frequency of several 
sinusoidal signals over a network of sensors. Simulation results 
show the efficiency of the proposed algorithm for frequency 
estimation especially in low Signal to Noise Ratio (SNR). It 
also has less complexity than the distributed notch filter-based 
algorithm which uses extra notch filter to eliminate the center 
frequency of the sinusoid. 

The outline of the paper is as follows. Section 2 is the 
problem formulation section. In section 3, a review of 
distributed estimation with the emphasis of frequency 
estimation is presented. Then, section 4 introduces the 
proposed distributed LMP algorithm. Simulation results are 
given in section 5. Finally, section 6 concludes the paper. 

II. PROBLEM FORMULATION 

Consider a sensor network of N sensors. Each node 

observes a sinusoidal signal which is: 
 (1) 

where  is the index of the node, 0 is the common angular 

frequency, T is the sampling interval, kA is the amplitude and 

k is the initial phase of the signal. The problem is to estimate 

the common frequency 0  from all the observed signals from 

all the sensors of the network in a distributed manner. As we 
will see, in the proposed method of this paper, we will estimate 
the amplitude and initial phase as well as the frequency. 

III. REVIEW OF DISTRIBUTED FREQUENCY ESTIMATION 

A. Distributed estimation 

Distributed estimation is an important topic in signal 
processing in the last decade [10-15]. In this field, an unknown 
vector is to be estimated from linear measurements of several 
sensors over a network. The ultimate goal is that all the 
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sensors in the network cooperatively and distributedly estimate 
the unknown vector. 

 There are different strategies for cooperation of nodes in a 
network. The first one is an incremental strategy in which the 
sensors in a cycle, hand in estimates serially to the adjacent 
sensor. After coming back the estimate to the first node in a 
cycle, the estimate is regarded as final estimation of this 
approach for the first data received in the network. This would 
continue at other time instants. This strategy is sensitive to 
sensor failure and often is not used in the practice. The second 
strategy is the consensus strategy in which the sensors 
simultaneously update the estimate based on minimizing a cost 
function and combine the estimates from neighborhood 
sensors. In the third strategy which is diffusion, the estimates 
are firstly updated based on minimizing a cost function. This 
step is called adaptation. Then, in the combination step, the 
estimates are combined from neighborhood of a sensor to form 
an improved estimate. This version of diffusion is called 
Adapt-Then-Combine (ATC) approach. There is another 
version of diffusion which is Combine-Then-Adapt (CTA). It 
is reported that the diffusion strategy outperforms consensus 
strategy in adaptive networks [18]. Therefore, in this paper, we 
focus on the diffusion strategy of course for the distributed 
frequency estimation. 
Among the various diffusion algorithms [12-15], the diffusion 
LMS algorithm is the most widely used algorithm [12-14]. It 
uses a least mean square cost function to update the estimates. 
In [15], a least mean p-power is suggested for defining the cost 
function.  

B. Distributed frequency estimation 

In [16], a distributed notch filter-based algorithm is used for 
frequency estimation. Since, we compare our results to this 
approach; we discuss this approach in some detail. In this 
mentioned paper, a notch filter is used. The relation between 
the input and output of the notch filter is: 

 

 (1) 

 

where , k  are input signal and output signal at 

,  and  are two parameters 

of the notch filter in which 0 is the center angular frequency 

of the notch filter and T  is the sampling interval. The main 
idea of distributed notch filter-based algorithm is that the 
parameters of the notch filter are learned so that the output 
signal of the notch filter would be near zero. In that case, the 
center frequency of the filter is equal to the frequency of the 
signal. For being near zero, the algorithm uses the Mean 
Square Error (MSE) of the output signal. Then, using this cost 
function, the parameter  is estimated distributedly via a 

diffusion method. Hence, the final ATC diffusion algorithm is 
a two step algorithm as follows: 

 (2) 

 (3) 

where is the step-size of the algorithm, lkc  is the 

combination coefficients of the network [10], and 1,ik is the 

intermediate estimation of parameter . Then, the frequency 

of the input signal is estimate with the following formula: 

 (4) 

The other method for distributed frequency estimation is the 
distributed widely linear Kalman filtering approach [17]. To 
best of our knowledge, there is no other distributed frequency 
estimation algorithm in the literature. 

IV. THE PROPOSED DISTRIBUTED LMP ALGORITHM 

In the proposed method, to estimate the parameters of the 
sinusoidal signal, we use the mean p-power or mean p-norm of 
the error signal as the cost function. Therefore, the local cost 

function at node  is defined as: 

 (5) 

where we have: 

 (6) 

where , and ilA , , il , , 

il , are amplitude, frequency and phase estimates at 

sensor at time index . To update the parameter estimates, an 

steepest-descent can be used. The steepest-descent recursions 
are: 

 (7) 

 (8) 

 (9) 

where A ,  and  are step-size of amplitude, phase and 

frequency, respectively. Smaller of the step size means the less 
final error and lower convergence rate. The gradients of the p 
norm of the error with respect to parameters are as follows: 

 (10) 

 (11) 

 (12) 

Where the gradients of the error signal with respect to the 
parameters are: 

 (13) 

 (14) 

 (15) 

Based on the update formulas in (7)-(9), the estimates are 
updated at each sensor in the adaptation step. For the 
combination step, the estimate of the common frequency is 
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combined with the following formula: 
  (16) 

Hence, the overall algorithm is a two step ATC diffusion 
algorithm. The steps are: 
1) Adaptation step: Adapt the parameters from (7), (8) and 
(9) using the relations in (10)-(15). 

2) Combination step: Combine the frequency estimates from 
(16) to obtain a better estimate of frequency. 
 

V. SIMULATION RESULTS 

This section presents the simulation results. Two 
experiments are performed to evaluate the performance of the 
proposed algorithm. The proposed algorithm is simulated with 

 and . The first is usually known as LMS while 

the second is Least Mean Fourth (LMF). In the simulations, 
the proposed algorithms which are nominated as distributed 
LMS and distributed LMP, are compared with some single 
sensor methods like Maximum likelihood (ML), DFT, and 
single sensor LMP, and distributed notch filter-based 
algorithm.  All simulations are done with MATLAB and the 
sampling frequency is chosen as 500 Hz. In all simulations, we 
use a fully connected network with five sensors which is 
depicted in Figure 1. The number of Monte Carlo runs of the 
simulations is 100 and the results are averaged over 100 
independent runs. For the performance metric, the Mean 
Square Error (MSE) of the frequency is used which is defined 
as: 

 (17) 

where  is the number of Monte Carlo simulations. 

The frequency of the sinusoids is selected as Hz and 

the initial estimate of the frequency is set to be 49Hz. In all 
experiments, the step sizes are selected in such a way that the 
algorithms are converged in 700 iterations. 

 

 
Figure 1: The fully connected network used in the simulations. 

 

A. Experiment 1: 

In this experiment, The Gaussian noise is considered. The 
variance of the zero mean Gaussian noise is assumed to be 

. To have different Signal to Noise Ratio (SNR), we 

use different amplitudes. The SNR are defined as: 

 (18) 

The figures (2) and (3) show the results of the first experiment. 
Figure (2) shows the transient convergence of the frequency 

estimates to the final value which is . In figure (2), 

the MSE of various algorithms is shown with respect to SNR. 
The proposed algorithms which are distributed LMS (with 
label dLMS) and distributed LMP (with label dLMP) are 
compared with the distributed notch filter-based algorithm 
(with label dNF), single sensor LMS (with label LMS), single 
sensor LMP (with label LMP) and DFT. Figure (3) illustrates 
that in the low SNRs (below 17dB), the best algorithm is the 

distributed LMS (distributed LMP with ).   

 

 
Figure 2: The fully connected network used in the simulations. 

 

 
Figure 3: The fully connected network used in the simulations. 

 

B. Experiment 2: 

In this experiment, impulse noise is considered. The impulse 
noise assumed to be Bernoulli-Gaussian (BG) 

, where  is a Bernoulli random 

variable with probability and 

, and the amplitude k  is Gaussian 

with zero mean and variance 
2

. It is assumed that 10 percent 

of coefficients are active (non zero). So, we have  and 

active coefficients are Gaussian with zero mean and unit 
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variance ( ). Figure (4) and (5) show the results of the 

second experiment. In Figure (3), the transient response of the 
frequency estimate is shown. Figure (5) shows the MSE versus 
SNR for various algorithms. It shows that the best algorithm in 
low SNRs(less than 27dB) is the LMS algorithm.  

 

 
Figure 4: The fully connected network used in the simulations. 

 

 
Figure 5: The fully connected network used in the simulations. 

 
At last, we emphasize that the proposed method can 

estimate all the parameters of the sinusoidal signal while for 
example distributed notch filter-based algorithm can only 
estimate the frequency. Moreover, the proposed algorithm 
needs not an extra notch filter for filtering the sinusoidal 
signal. 

VI. CONCLUSION 

A distributed LMP approach is presented for estimating all 
the parameters of a sinusoidal signal over a network. 
Simulation results show the better performance of the 

proposed distributed LMP algorithm for , which is 

actually distributed LMS and here for the first time is used for 
distributed frequency estimation, especially in low SNRs and 
in the Gaussian noise case. Especially, simulation results show 

that distributed LMS ( ) is better than distributed LMF 

( ) for distributed frequency estimation. In addition, the 

complexity of the proposed method is less than distributed 
notch filter-based algorithm which has an extra notch filter. 
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Abstract - This paper presents a modelling and a fault 
diagnosis of broken rotor bars in induction motor (IM) at closed 
loop for a sensorless nonlinear control (NLC). The strategy of 
control is based on the input output linearization control, using 
nonlinear high gain observer (HGO) in order to preserve the 
speed regulation and compensate the fault effect and to ensure 
the service continuity of the machine. The effect of the broken 
rotor bar is evaluated through the analysis of the direct stator 
current components Ids. This information can be used as an 
indication for the fault diagnosis. 
 

Keywords - Induction motor, fault diagnosis, broken rotor 
bars, nonlinear control, input output linearization control, high 
gain observer. 
 

I. INTRODUCTION 

HE induction motor (IM) is known for its robustness, 
simplicity of operation and low costs and maintenance 

free. In a hand, like any motor exposed to mechanical or 
electrodynamic forces, it is lead to failures [1], and may be 
caused by manufacturing fault, designing fault of the engineer, 
environment and poor technical knowledge of the job about in 
handling the motor [2].  

On the other hand, vector control provides good 
performance during transient and permanent phases. However, 
it requires knowledge of mechanical speed and rotor flux [3]. 
The difficulties of using field oriented control (FOC) arise 
from the modeling uncertainties due to parameter variation, 
magnetic saturation and load disturbances. To ensure good 
dynamic performance various robust control strategies for 
induction motor drives have been cited in the literature [4, 5]. 
However, the input output linearization control has focused 
attention owing to simple design, the perfect decoupling 
between the rotor speed and the flux, fast dynamic response, 
easy implementation and robustness to parameter variations, 
and also for load disturbances [6, 7].  

Fault detection in electrical machines has been the subject 
of researches for many years [8]. Vibration is used for the 
detection of mechanical problems, broken rotor bars and stator  
short    circuits    in     induction     motor. Vibration     analysis   

 
 

are usually installed on costly and sensitive machines, where 
the cost of such system can be justified [9]. That is why some 
researchers are looking to analyze other quantities in order to 
solve this problem. In [10, 11] d (direct) current axis 
components have been looked in closed loop. The rotor speed 
and the rotor flux are estimated by high gain observer (HGO) 
[12, 13]. The controller is based on the theory of feedback 
linearization. Where the reduced model of IM in healthy and 
faulty states is used.  

This paper is organized as follows. In section 2, the 
dynamic of the reduced model of IM is described. The input 
output linearization control is designed for speed and flux 
magnitude controls of an IM are showed in section 3. The 
HGO required for rotor flux and rotor speed estimation are 
presented in section 4. Section 5, provides numerical 
simulation results of the proposed control technique in healthy 
and faulty states of the IM, followed by the conclusion.  

 

II. MATHEMATICAL INDUCTION MOTORS MODEL WITH

BROKEN ROTOR BARS FAULT 

The dynamic equations of IM can be expressed as follows 
[14]: 

d I
L  = V  - R I

dt
                                                   (1) 

 
With 

NrL 0 M 0 0sc sr
2

Nr0 L 0 M 0sc sr
2

L  = 3
M 0 L 0 0sr rc

2
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0 M 0 L 0sr rc
2

0 0 0 0 Le
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Where 

LeL  = L - M  + 2  + 2L (1 - cosrc rp rr e
Nr

 

 

: Electrical angle of two rotor adjacent meshes. 

The four terms are: 
 

2
R  = R + 1-cosrdd,rqq r bfk

Nr k

2
R  = - 1-cosrdq,rqd bfk

Nr k

             (2) 

In this expression (2), the summation is applied to all bars 

with fault.  is the increased resistance of the bar index k 

from its initial value before the fault. 
The electromagnetic torque developed by the motor is 

expressed in terms of rotor currents and stator currents as: 

3
C  = PN .M (I I  - I I )e r sr qr qsds dr

2
                                        (3) 

The model considered allows studying the behavior at the 
healthy and faulty states of the IM in different operation cases. 
 

III. DESIGN OF A NONLINEAR INPUT OUTPUT LINEARIZING 

CONTROLLER FOR INDUCTION MOTORS 

The input output control problem is to find a state feedback 
such that the transformed system is input output decoupled 
that is, one input influence one output only [15]. The 
technique requires measurements of the state vector x in order 
to transform a multi-input nonlinear control system: 

 

i i
i m

x=f(x)+

y=h(x)

g (x)u
                            

(4) 

 Into a linear and controllable one 

z= Az + B                                            (5) 

 
 
 

The control system is depicted in Figure 1 [16]. 

Figure 1:  Block diagram of input output linearization control. 
 
The state space model of induction motor in the ( , 
coordinate is given by: 

 

                                                       (6) 

Where the state and commands vectors   

T T
x = i

s

T

u = V V                                                                             
s

i
s
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                      (7) 
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Where 

   
 ,  

2
3N Mr sr

4L Lsc rc

  ,    

 

Define the change of coordinates: 

         (9) 

This system can be written as: 

                             (10) 

The decoupling matrix  is defined as: 

                                   (11) 

    The decoupling matrix is singular if and only if is 

zero which only occurs at the start up of the motor. That is, to 
fulfill this condition one can use in a practical setting, an open 
loop controller at the start up of the motor, and then switch to 
the nonlinear controller as soon as the flux goes up to zero. If 
the decoupling matrix is not singular, the nonlinear state 
feedback control is given by: 

                                        (12) 

This controller linearizes and decouples the system, resulting 
in:          

                                                                        (13) 

The closed loop system (13) is input output decoupled and 
linear. To ensure perfect tracking of speed and flux references, 
V1 and V2 are chosen as follows: 

               (14)  

Where k1, k2, k3 and k4 are positive non-zero constants to be 
determined in order to make the closed loop system (13) stable 
and to have fast response in variable tracking. 

 
 

IV. NONLINEAR HIGH GAIN OBSERVER DESIGN FOR

INDUCTION MOTOR 

The dynamic behavior in general of the induction motor 
belongs to a class of relatively fast systems. For computational 
issue, the high gain observer which admits an explicit 
correction gain can be considered as one of the most viable 
candidate in the problem of state estimation [12, 17]. To study 
the observation and control of the induction motor, we adopt 
this method in our model (6), given by: 

                                           (15) 

 
Where  

  
1-

sr

,
R 1 1-s

sc r
,  

I2 is the identity matrix 2x2 and  
01

10
2J  

The equations of this observer are: 

            (16) 

Where  and  are respectively the estimates of  and

r . Which 1  is a positive real. Therefore, the adaptive 

scheme for speed estimation is given by: 

 k e .p ris i
    (17) 

Where , and i are respectively the proportional and 

integral constants. 
 

V. SIMULATION RESULTS  

The sensorless input output linearization control of 
induction motor used in healthy and faulty states: 1.1 kW, 
220V, 50Hz, 2-pole, a rotor with 16 bars were carried out 
using the Matlab/Simulink simulation package. The system 
parameters of the induction motor tested in this study are 
given in Appendix. 

 

A. Results for healthy machine  

To illustrate the performances of the controller in healthy  
state of  the  machine, a simulation with a reference speed 
equal to 1000 rpm is realized in Figure 2, a nominal load 
torque equal to 3.5 Nm is applied at t=0.5s. 
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(a) 

 
(b) 

 
(c) 

 

 
(d) 

 

 
(e) 

 
(f) 

 
Figure 2: Input output linearization control of induction motor in 
healthy state: (a) speed, (b) torque, (c) stator current, (d) flux 

magnitude, (e) quadratic current components and (f) direct current 
components with the application of a load torque. 

 
The electromagnetic torque follows the load torque and the 

stator phase current have a very good dynamic. Quadratic 

rotor flux qr is maintained to almost zero, direct rotor flux

 tracks the reference values adequately well. 

 
The speed reverse test is realized by changing the speed 

reference from 30 rpm to -30 rpm at t=1s with a nominal load 
torque 3.5 Nm is applied at t=0.5s in Figure 3. 

 

 
(a) 
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(b) 

 
(c) 

 
Figure 3: Reverse low speed test: (a) speed, (b) torque and (c) 
stator current of input output linearization control with the 

application of a load torque 
 
The good performance such as robustness and convergence 

of the sensorless input output linearization control is revealed 
when the induction motor operates in low reference speed. It 
shows that estimate rotor speed observer and the real rotor 
speed converge to the reference speed with very less errors. 

 

B. Results for healthy Machine with adjacent two broken 
rotor bars fault 

 

 
(a) 

 

 

 
(b) 

 
(c) 

 
(d) 

Figure 4: Input output linearization control of induction motor with 
two rotor broken bar: (a) speed, (b) stator current, (c) quadratic 

current components and (d) direct current components.  
 

In this case the sensorless input output linearization control 
of the induction motor with fault is considered. Two adjacent 
broken rotor bars fault are applied at t=1s and the machine 
operate at 1000 rpm with a nominal load torque 3.5 Nm 
applied at t=0.5s. 

 
The simulation results of sensorless input output 

linearization control using high gain observer of the induction 
motor with adjacent two broken rotor bars fault are shown in 
Figure 4. The rotor speed and torque give no information 
about the presence of fault due to the closed loop of input 
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output linearization control which mask and compensate the 
effect of the fault. However, the direct current Ids is affected 
by the fault through the fluctuations. This information can be 
exploited for the online diagnosis of the machine in closed 
loop. 

 

VI. CONCLUSION 

In this paper, a sensorless input output linearizing control 
for the induction motor is considered with broken rotor bars 
fault. The controller shows a good performance of the 
induction machine in healthy and faulty states. Therefore 
reveals a powerful sensorless input output linearizing control 
using high gain observer for estimate the rotor speed and Flux 
where the effect of loop control by using the speed regulator 
that ensures the rejection of ripples. For that, the correlation 
with the fault severity is lost. The fault effect didn't affect the 
rotor speed; unlike the direct current components Ids which 
offer a good indication about the detection of the rotor fault in 
closed loop. 

APPENDIX 

For the simulated induction motor 
Pn: Output power                                                             1.1kW 
Vs: Stator voltage                                                              220 V 
fs: Stator frequency                                                         50 Hz 
p: Pole number                                                                         1 
Rs: Stator resistance                                                        7.58 
Rr: Rotor resistance                                                          6.3 
Rb: Rotor bar resistance                                                0.15 m
Re: Resistance of end ring segment                                     0.15 m
Lb: Rotor bar inductance                                                
Le: inductance of end ring                                                   0.  
Lsf: Leakage inductance of stator                                       26.5 mH 
Msr: Mutual inductance                                                  46.42 mH 
Ns: Number of turns per stator phase                                         160 
Nr: Number of rotor bars                                                          16 
L: Length of the rotor                                                       65 mm 
g0: Air-gap mean diameter                                                  2.5mm 
J: Inertia moment                                                      0.0054 kgm2 
F : Coefficient of damping                                  0.0029 Nm/rad/s 
Ce , Cr,: electromagnetic torque, load torque   
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Abstract - With the rapid development of data retrieval and 
storage devices, it has become necessary to process large-scale 
data. Along with this, machine learning and artificial neural 
network methods have started to be used in many areas. The 
method developed for artificial neural networks with large 
computational power is deeply learned. The input of this artificial 
neural network is a very different feature of the images that are 
passed through the filters, which are various learning features. 
However, the importance of recognizing and classifying 
characters written in handwriting is increasing day by day. In 
this study, deep learning was applied for the classification of 36 
letters and 10 numbers written in the handwriting. Each letter 
image was filtered through different filters and its properties 
were extracted and classified with a convolutional artificial 
neural network. The letters were analyzed using 78200 samples. 
With this study, 13800 letters which are not used in training are 
classified more correctly than 95%. 
 

Keywords  Handwriting, Deep Learning, Convolutional 
Neural Networks.  

 

I. INTRODUCTION 

ANDWRITING recognition and classification are a classic 
problem in artificial intelligence [1]. The recent works on 

handwritten letter classification are often feature-based 
methods. These methods learn the letters by extracting 
different distinguishing features of the handwriting letters. In 
this learning technique, similarities and differences are tried to 
be determined by using the extracted features of the letters. As 
the similarity of the images increases, more distinctive features 
are needed. To get these features, images must be filtered. 
Filters find features that can be searched through the image. 
The size and value of the filters vary according to the features 
searched in the image. Figure 1 shows an example of a 3x3 
edge detection filter. 

 
Figure 1: Sobel edge detection filter 

A standard neural network (NN) consists of neurons that are 
connected one to another by weights and pass through an 
activation function to produce a result [2]. The neurons are 
located at the input layer, the output layer and the hidden 
layers. The input neurons are consisted of information from 

sensors that perceive the environment, while other neurons are 
created by predominantly connected neurons. Learning relates 
to finding the weight of the NN that exhibits the desired 
behavior. Depending on the problem to be solved and how the 
neurons are connected, this process may require chains of long 
causal computational steps where each step changes the total 
activation of the network.  Deep learning is about doing the 
right learning in many stages. Deep Neural Networks are made 
up of a large number of non-linear hidden layers, so the 
number of connections and the trainable parameters are very 
large [3]. Such networks require a large number of examples 
because of difficulty of training and to avoid over fitting. 
Convolutional Neural Networks (CNNs) is a network type that 
has a smaller set of parameters and is easier to train than the 
deep neural network [4]. The ability to accurately model the 
input data set can be improved by changing the number of 
hidden layers and the trainable parameters in each layer [5]. 
CNNs can model the complex nonlinear relationship between 
input and output, although it has less trained parameters from a 
fully connected classic forward feed network at the same 
depth. CNNs usually consist of several layers of convolution 
and subsampling between the input and output layers. After 
these layers, fully connected layers come in, thus creating the 
layer in which the discriminative properties of the input data 
are located. CNN are based on the several past years [6]. 
However, it has suddenly become a popular feature with the 
success in image classification [7]. In the study performed by 

 and others [8], they tried to classify the handwritten 
number, Latin and Chinese letters, traffic signs into deep 
learning and classification close to the human level. Acharya 
and others [3] used different structures of CNNs to recognize 
the handwriting Devanagari characters in their deep learning 
application. After making the images ready for CNN, they 
changed the convolution layer and the fully connected layer 
numbers for best learning. As it is known, the videos are 
formed by sequencing the pictures in rapid succession. 
Working with videos is more difficult than working with 
images because of the variability and number of images in the 
video. Thus, in the study [9], the videos were classified by 
clips that consisting of several images and classified by using 
CNNs. It is possible to use CNNs not only in the image 
recognition but also in voice recognition applications [10]. In 
fact, it is possible to classify even the sentences that are highly 
variable in structure and meaning. The words in the sentence 
were transformed into a vector and the classification of the 
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sentences was made in [11]. The improvement in device 
technology with parallel processing capability like GPU also 
makes CNNs more effective [12]. CNNs require high 
computation with large data. But CNNs have a smaller 
structure than classical feed forward neural networks.  

In this study, deep learning applications were performed 
with the features detected by different filters on the images. By 
motivating this fact, a convolutional neural network is 
considered with the determined features. 32x32 images are 
passed through different filters to form the convolution layer. 
After the convolution layer, the filter outputs are subjected to 
size reduction. These two steps can be repeated. After 
subsampling phase, a full connected layer is created. After the 
fully connected layer, the output layer which the classification 
is made comes.  
 

II. DATASET 

As the dataset an alphabet used in this study which is used 
to write Nepali, Hindi, Marathi and other similar languages of 
South and East Asia. In general there are 36 letters in voice, 
consonant and special letters. There are also 10 digits in the 
data set. The images are in case the letters are written 
separately. So each image has a letter. Each character has 2000 
handwriting sample images. A total of 92000 samples were 
used in this study. The dataset was used for 85% network 
training and 15% for testing. Each image is constructed of 
32x32 matrixes. The pixel values of the images are 0 and 1. In 
other words, the images consist of black and white images. 
The colors of the letters are white, and the background is 
black. Figure 2 shows a sample of all 46 characters scattered 
randomly. There is no extra preprocessing for CNN on these 
images. 

 
Figure 2: An example of all characters. 

 

III. CONVOLUTIONAL NEURAL NETWORKS FOR HANDWRITING 

CLASSIFICATION 

The multilayer networks trained with gradient descent have 
the ability to learn, complex, high-dimensional, non-linear 
mappings from large datasets. Therefore, multilayer neural 
networks are becoming attractive for image recognition. In the 
conventional pattern recognition model, it is necessary to 
extract the related features. For this, a manually designed 
feature extractor ensures that relevant information is obtained 
from the input data. Then a trainable classifier classifies the 
extracted feature vectors. Fully connected multilayer networks 
can be used as classifiers. In addition to this, it is possible to 
train the feature extractor according to the output of the 
network [3]. In such a case a network can be fed even with raw 
inputs. However, a few problems arise in such a situation. 

First of all, in general, the dimensions of the images are 
large, often consisting of hundreds of pixels. The number of 
trainable weights in a fully connected layer is several hundred 
times greater than the number of units in the layer. Thus, the 
capacity of the system increases and therefore a larger training 
set is needed. This large-scale parameter set and system 
requires both high storage space and slows down system 
training and testing. Before being sent to the input layer of a 
NN, the images must be normalized and placed in the center of 
the input field. However, such preprocess cannot be perfect for 
handwritings. Even for the same letters of the handwriting 
letter, there may be differences of character size, skew and 
position of handwriting letters. Due to differences in writing 
style, there will be changes in the distinctive features of the 
letters. However, a fully connected network that is as large as 
it can be successfully trained despite these variables. This 
would require multiple units with similar weight models 
positioned at various locations on the input. Learning these 
weight differences requires a large number of training 
examples to cover the larger area. In convolutional networks, 
shift invariance is obtained automatically by repeating the 
weight forms along the field. 

A second problem is that totally dependent architects ignore 
the topology of the input. It is possible to present input 
variables in any order without affecting the result of the 
training. However, images have a strong 2D local structure 
with close pixel values. Configurations of neighboring 
variables can be categorized in a small number of categories. 
Hence the reasons for the known advantages of extracting and 
combining local features are local relativities. Convolutional 
networks impose the extract of local features by restricting the 
localization of the receiving areas of the hidden units.  

 

IV. CHARACTER RECOGNITION 

The CCN handwriting recognition system used in this study 
is shown in Figure 3 and Figure 4. In general, CNN consists of 
five layers these are input, convolution, pooling full connected 
and output classification layer. Connections between input, 
convolution and pooling layers are provided with kernels. 
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Kernels are traversed throughout these layers and create value 
for the next layer. The images in the 32x32 matrix form the 
input layer without any changes. The input layer does not have 
any learning parameters. The convolution layer, which is the 
first layer after the input layer, has several feature maps. The 
number of feature maps may vary depending on the 
application. The feature maps of the convolution layer were 
created with 5x5 kernels. Therefore, each feature map is a set 
of 784 point values consisting of 28x28 matrices. Each feature 
map in the figures is shown as 2D planes. All units in a feature 
map have the same weight. For this reason, they show the same 
features in different locations. This weight sharing also 
reduces the actual number of trainable parameters in each 
layer. The input of each unit in the layer is created with the 
small neighborhoods in the same position of the previous 
layer. The selected size of the neighbors of the previous layer 
changes the number of trainable weights that can be associated 
with each unit in a convolutional layer. Because local 
neighborhoods are used, only local properties can be 
determined. As mentioned before, 5x5 kernels are used, so the 
number of trainable weight is 25 for each unit. Each unit also 
has a trainable bias value. As the kernel size decreases and the 
size of the previous layer grows, the number of units increases. 

After the convolution layer comes the subsampling 
(pooling) layer. In this layer, the size of the previous layer is 
reduced. At the same time, the resolution of the previous layer 
is reduced. Methods such as taking the average of neighboring 
pixels or taking the maximum value can be used for this 
process. However, the position of the outputs of this layer may 
not be sufficient by itself. The position of each feature relative 
to each other is more important than the absolute position, 

because the place of the properties of the same letters can 
change according to the style, size and position of writing. 
However, it is expected that the properties of the same letters 
will not change less in relation to each other. The subsampling 
layer contributes to the learning of the positions of properties 
relative to each other. It also makes the classifier stronger 
against shifting and distortion. The input information is 
converted into a small local group with the neighbors and 
output is produced. Therefore, the dimensions of the output of 
this layer depend on the size of the previous layer and the size 
of the group created. By taking different inputs from the 
previous layer each time and using the 2x2 kernel, the size of 
the convolution layer is reduced by half. The maximum 
pooling method multiplies the maximum value in the local 
nei
value, and produces output.  

Convolution and pooling layers are repeated in one of the 
two different structures used. In these layers of the network 
that these two layers repeat, the operations performed in the 
previous layers are repeated exactly. The only difference in 
these layers is the number of feature maps in the convolution 
layer. 

After the subsampling layer in two different structures, the 
fully connected layer is located. After this step, CNN works 
with 1D vector. That is, size of feature maps on the layer is 
reduced to one size. The fully connected layers are applying 
non-linearity to model the input as it is in a classic forward 
feed network. Rectified Linear Unit is used as type of 
nonlinearity. The Rectified Linear Unit processes nonlinearity 
as f (x) = max (0, x). Since the training with is faster with 
gradient descent, this function is used instead of general 

Figure 4: The structure of two convolutional and pooling layers CNN. 

Figure 3: The structure of Convolutional Neural Network. 
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nonlinear functions like classical artificial neural networks. 
The final stage is classification in the CNN. Each letter and 

number is represented by one output node. In other words, the 
network has a total of 46 output nodes for 36 letters and 10 
digits. It is desirable that the error of the output layer is 
reached to the minimum during the network training phase. At 
the same time, according to the output error, the trainable 
parameters are set to reach the optimum value to reduce the 
network error. In the test phase at the end of the training phase, 
the output layer tests which handwriting character belongs to 
the input images. The results are presented as the rate of the 
correct classifications in this layer. 

The depth of the neural network to be created and the size 
and number of the different layers to be used are directly 
related to the data set and the problem to be solved. Moreover, 
the success of the network varies with the number and size of 
feature maps in a layer, the size of the kernel in each layer, and 
the choice of non-overlapping or overlapping kernels. 
Therefore, in this study, different architectures were tested by 
changing these parameters and the results of the architecture 
which produced the highest accuracy in the test data set are 
presented.  

 

V. RESULTS AND DISCUSSION 

In this work, dataset is trained and tested by changing 
iteration number and network structure. The number of 
convolution and pooling layers was chosen as 1 or 2. In 
addition, the number of feature maps included in the 
convolution layers was also changed to examine the effects to 
results. In all cases convolution was applied with an 
overlapped kernels of size 5x5. Pooling is performed with a 
filter size 2x2 that does not overlapped. The results obtained 
according to the work done are shown in Table 1. 
Accordingly, the best results were obtained from networks 
with a single convolution and pooling layer. It has been the 
case that %100 accuracy is reached in the test phase. This 
means that the network parameters have reached the optimum 
value for the data used in the train phase. It has been observed 
that in the same structure experiments, accuracy increases as 
the number of epoch increases. Accordingly, the best result is 
obtained from a network with 20 single-layer feature maps 
made with 75 epochs. The best training result is 95.62%.  
The best test result achieved in the deep learning application 
[3] with the same dataset is presented as 98.47%.  In the 
mentioned study, the convolution layer and the pooling layer 
were repeated at least twice. At the same time, the images were 
pre-processed before CNN was taken. However, in our study, 
the best test result was obtained without preprocessing of 
images and with a single convolution and pooling layer 
structure. This means training and testing phases are faster 
than the mentioned study when the same hardware were using.  

 
 

Table 1: The results of train and test of CNN. 

Number 
of 

Layers 

Number 
of Feature 

Maps 

Max 
Epoch 

Train 
Error 

Train 
Accurac

y (%) 

Test 
Accuracy 

(%) 
1 10 15 0.0389 98.44 94.38 
1 10 16 0.0344 99.22 94.39 
1 10 20 0.0249 100 94.51 
1 20 50 0.0005 100 95.49 
1 20 75 0.0003 100 95.62 
2 20- 2 15 0.8438 90.63 84.38 
2 5- 5 15 0.2170 92.19 91.11 
2 5- 5 50 0.1783 92.97 92.37 
2 10- 4 50 0.3254 89.06 92.32 
2 20- 5 15 0.1965 93.75 92.21 
2 20- 5 50 0.1290 95.31 93.57 
1 40 15 0.0198 100 93.70 
1 40 50 0.0003 100 95.50 

 
In our study, after the number of epochs is 15, the accuracy 

rate increases very slowly when the epoch number increases. 
Therefore, more epochs is needed to achieve higher accuracy. 
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Abstract There has been increasing interest in microgrids due 
to several advantages they present. Short-term load forecasting 
(STLF) is an essential task which must be done to ensure that 
microgrids are operated smoothly on a daily basis; operational 
costs are reduced, and the reliability of the microgrid increases. 
Pronounced load demand fluctuations occur in a microgrid due to 
its small size. Hence, designing an accurate forecast for a 
microgrid is an arduous process. This paper presents a STLF 
model which predicts load demand one hour in advance, and is 
based on fuzzy rules. The rules are based on temperature, time of 
the day, season of the year, and day type (weekend/weekday) 
parameters. The resulting rule base is used to simulate the model 
in Matlab using the Fuzzy logic toolbox. Traditional forecasting 
techniques which are statistical in nature require a large amount 
of historical data, and cannot easily be updated. The fuzzy rule-
based STLF model does not require a substantial amount of data, 
can easily be updated, and involves no mathematical 
computations. The performance of the designed fuzzy rule-based 
STLF model is evaluated by comparing the load demand forecast 
values to the real-life data (actual load demand) of an 11 kilo-volt 
(kV) power substation in Providence, Rhodes Island. 

 
Keywords  Short-term load forecasting, microgrid, fuzzy rules, 

load demand 

I. INTRODUCTION 

 microgrid is a power system that includes multiple     
loads, and distributed resources that can operate 

connected to the main utility (grid mode) or as a single entity 
(island mode) [1]. Load forecasting is useful for forecasting 
the amount of power needed to supply the demand [1]. 
Forecasting refers to the prediction of the load behavior for the 
future. Load forecasting can be short-term, medium-term or 
long-term. Short-term load forecasting (STLF) involves 
predicting load demand from one hour to a week in advance 
[5]. Medium-term load forecasting (MTLF) predicts load 
demand from a week to a year ahead [5]. Long-term load 
forecasting (LTLF) predicts power consumption more than a 
year in advance [5]. In this paper, STLF is given precedence 
over MTLF, and LTLF. STLF is primarily based on the 

 approach; the method solely involves 
finding a day in history that is similar to the forecasted day. 
The similarity is more often than not based on day of the week, 
season of the year, and weather patterns. The load of the 
similar day is considered as the forecast. Other STLF 
techniques are Linear Regression Method (LRM), Time Series 

Analysis (TSA), Artificial Neural Networks (ANNs), Expert 
Systems (ES), Fuzzy Logic (FL), Genetic Algorithms (GA), 
and Support Vector Machines (SVM). LRM is the most widely 
used statistical technique for STLF [1]. In TSA models, 
previous load is extrapolated to obtain future loads [8]. ANNs 
map the relationship between input, and output vectors in a 
given sample [4]. A drawback to this approach is that as 
conditions change the ANNs are not easily updatable to 
accommodate the changes. In ES, the forecast model is 
designed with the help of an expert [2]. However, experts may 
have difficulties in expressing their knowledge qualitatively 
[5]. As for FL, data is processed, and represented in linguistic 
terms. This makes fuzzy logic models readable, and 
comprehendible [2]. A fuzzy logic model is made up of IF-
THEN statements (also known as fuzzy rules) which are 
derived from expert knowledge and/or from a set of historical 
observations or data [3]. SVM is an algorithm which provides 
solution for both classification, and regression problems [6]. 
GA are based on the process of evolution by natural selection 
[7]. Factors crucial for STLF are time (i.e., time of the year, 
day of the week, and time of the day), consumer
residential, commercial, industrial etc.), and weather data. 
Weather data comprise of temperature, and humidity values. 
These two weather components greatly influence the daily load 
demand in a microgrid. For the purpose of this paper, a fuzzy 
approach to STLF is adopted. The fuzzy rule-based STLF 
model has a leading time of one hour. 2016 historical data 
provided by both the National Grid, and National Oceanic and 
Atmospheric Administration (NOAA) are used for modeling 
the forecast. IF-THEN statements are generated by drawing 
inferences from the observations made on the aforementioned 
historical data which belongs to Providence, Rhodes Island 
(USA). For system performance evaluation 2017 historical 
data for the said place are used. Figure 1 shows a typical 24 
hours load demand profile for a normal, summer day in 
Providence. The load demand curve mirrors the life cycle of 
the consumers. Accordingly, the demand for power is low at 
midnight as most people are sleeping, and there is no need of 
lighting or heating the house. Peak demand occurs around 6 
pm as at that time almost everybody is sitting at home with 
eyes glued to the television (TV), and the air conditioner on. 
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                    Figure 1: Typical 24 hours load curve 

II. SYSTEM BLOCK DIAGRAM 

 

 
    Figure 2: Fuzzy logic based load forecaster block diagram 
 
The proposed system which is based on fuzzy logic is shown 
in Figure 2. The inputs to the system are hourly maximum 
temperature, time of the day in hours, season of the year, and 
day type. These crisp inputs are transformed into fuzzy by the 
fuzzification block. The rule base is formed after fuzzification 
of the input data. The rule base is just fuzzy rules based on the 
historical data (weather, and load demand values). The fuzzy 
inference engine performs inference operations on the rule 
base to produce the forecast load. The forecast load which is 
fuzzy in nature is then defuzzified by the defuzzification block 
to produce a crisp output. The output is compared to the actual 
load demand values to assess the accuracy of the forecast 
model system. 

III. METHODOLOGY 

The flow chart shown in Figure 3 summarizes the 
methodology used to design the fuzzy logic based load 
forecaster. 

         
               Figure 3: Flow chart 
 
The steps taken in the design of the model are: 
 

a. Data collection, and examination 
Data belonging to Providence substation in Rhodes Island are 
collected from National Grid, which is the power utility 
company for that area. Real time and day ahead load demand, 
daily peak demand, and peak hour values for the year 2016, 
and 2017 are collected in the form of excel files. Archival 
weather parameters corresponding to the area, and 
period in question are provided by NOAA. The parameters are 
humidity, hourly and daily maximum temperature, wind speed, 
and pressure. 
 

b. Input, and output variables identification 
After examining the data collected the next stage involves 
identifying the output, and the input data. The output is load 
forecast. The input to the system are, season of the year, 
temperature, time of the day, and day type. 
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c. Plot input-output curves 

To observe the effect of the various inputs (i.e., temperature, 
day type etc.) on the output (load demand) various curves are 
plotted. The correlation between the different inputs, and 
output is graphically presented in the form of curves plotted 
with the aid of 2013 Microsoft excel software. 
 

 
          Figure 4: Input-output curves for August 2016 
 
Figure 4 shows that as temperature increases the daily load 
demand increases. The month of August which falls under the 
summer season shows a high positive correlation between 
temperature, and daily load demand. More AC fans are used 
as the temperature increases, and hence the increase in power 
consumption. 
daily load demand data there is no significant correlation 
between humidity, and daily load demand. Hence, humidity is 
not used as an input to the system. 
 
There is a high negative correlation between temperature, and 
daily load demand in winter as shown in Figure 5. On a cold 
winter day more heating appliances are switched on, and 
subsequently the power consumption increases. As the 
temperature increases a decrease in use of the said appliances 
is noted, and the result is a decrease in power consumption.  
 
The daily load demand for both spring, and fall seasons is 
almost constant. This can be attributed to the fact that there are 
no dramatic changes in temperatures throughout these seasons; 
the daily maximum temperature are more or less constant as 
show in Figure 6.  
 
Furthermore, the daily load demand is low because there is 
minimum use of air conditioners, and heating appliances. 
Therefore load forecasting for spring, and fall season is based 
on the correlation which exists among day type, time of the 
day, and peak hourly load demand. The experience, and 
knowledge of the system operator are also valuable assets for 

forecasting power consumption in spring, and fall. 
   

 
           Figure 5: Input-output curves for January 2016 
  

 
                Figure 6: Input-output curves for May 2016 
 
Another plot which is not shown here shows that daily load 
demand during the weekdays is higher than that during the 
weekends. During the weekend there is not much activity as 
people will be resting, and hence less power consumption. 
 

d. Membership functions defining 
Fuzzy logic is basically the computation of words [9]. The 
process whereby crisp quantities are transformed into fuzzy is 
known as fuzzification [9]. A fuzzy set allows elements to 
belong to the set partially, and each element is assigned a 
degree of membership in the set [9].  
 
A membership function for a given fuzzy set has a 
responsibility of mapping an input value of the said set to its 
appropriate membership value which lies between 0, and 1. 
The membership function (MF) which is a curve assumes 
different shapes viz. triangle (Triangular MF (trimf)), 
trapezium (Trapezoidal MF (trapmf)) etc.  
Crisp inputs viz. hourly maximum temperature, season of the 
year, time of the day, and day type are transformed to fuzzy.  
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The hourly temperature is divided into fuzzy subsets viz. 

 Very very low (VVL) 

 Very low (VL) 

 Low (L) 

 Average (A) 

 High (H) 

 Very high (VH) 

 Very very high (VVH) 
The corresponding seven triangular MFs are shown in Figure 
7. 
 

 
               Figure 7: Input variable temperature  MFs 
 
For day type, the two fuzzy subsets are: 

 Weekday (WD) 

 Weekend (WKND) 
A choice of two trapezoidal MFs is made for day of the 
week input as shown below in Figure 8. 
 

 
             Figure 8: Input variable day type  MFs 
 

subsets: 

 Summer (S) 

 Winter (W) 

 Spring (SP) 

 Fall (F) 
The four fuzzy subsets correspond to four trapezoidal MFs as 
shown in Figure 9. 
 

 
          Figure 9: Input variable season of the year  MFs  
 
Time of the day is fuzzified to: 

 Early Morning (EM) 

 Mid-Morning (MM) 

 Late Morning (LM) 

 Noon (N) 

 Late Noon (LN) 

 Evening (E) 

 Night (NT)  
The corresponding seven triangular MFs are shown in Figure 
10. 
 

 
           Figure 10: Input variable time of the day  MFs 
 
The forecast load (load demand) which is the output is divided 
into eighteen fuzzy subsets, and the corresponding eighteen 
trapezoidal MFs are shown in Figure 11. 
 

 
            Figure 11: Output variable load demand  MFs 
 
For simplicity triangular, and trapezoidal MFs are chosen. 
Other MFs which can be used are generalized bell membership 
function (gbellmf), Gaussian membership function (gaussmf), 
sigmoidal membership function (sigmf) etc. 
 

e. Fuzzy rules preparation 
The accuracy of the model largely depends on the number of 
fuzzy rules, and the fuzzy rules per se. Hence, care must be 
taken when preparing the fuzzy rules. 224 rules based on the 
input, and output data are prepared for the model, and some of 
them are shown below: 

 If (day_type is WD) and (season_of_the_year is W) 
and (time_of_the_day is EM) then (load_demand is 
LD4)(1) 

 If (day_type is WD) and (season_of_the_year is W) 
and (time_of_the_day is MM) then (load_demand is 
LD5)(1) 

. 

. 

. 

 If (day_type is WKND) and (season_of_the_year is 
SP) and (time_of_the_day is NT) and (temperature is 
H) then (load_demand is LD4)(1) 

 If (day_type is WKND) and (season_of_the_year is 
SP) and (time_of_the_day is NT) and (temperature is 
VH) then (load demand is LD3)(1) 
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, where A and B are fuzzy sets or subsets. 
 

f. Model simulation 
Figure 12 shows the rule viewer for 224 rules prepared for the 
model in Matlab using the Fuzzy logic toolbox. It is used to 
simulate the model since it accepts input values, and gives the 
corresponding output value (load demand forecast value). 
 

 
      Figure 12:  STLF_fuzzylogic_model rule viewer 
 

g. Model error calculation 
To evaluate the performance of the designed fuzzy rule-based 
STLF model its absolute error (AE) is calculated for each 
forecasted load demand value using equation (1) shown below. 
               

 

 
The AE value is multiplied by 100 to express it as a percentage 
(Absolute Percentage Error (APE)). The average of the APEs 
is known as the Mean Absolute Percentage  Error (MAPE), 
which is a standard measurement for system perfomance. 

IV. CASE STUDY 

The methodology described above is applied to an 11 kilo-
volt (kV) substation in Providence which is considered as the 
microgrid due to its small size. 2016 historical data is used for 
training the model, and the 2017 dat
performance evaluation [10]. The data which is used for 
training the model is for a period of 12 months (1 Jan 2016 to 
31 Dec 2016) while that for the test data is 8 months (1 Jan 
2017 to 31 Aug 2017).  

 
        Figure 13: 24 hour load profile (28 Jan 2017) 
 

The highest APE is 15.84% as shown in Figure 13, and the 

MAPE is 4.25%. 

 

 
         Figure 14: 24 hour load profile (12 May 2017) 

The highest APE is 16.5% as shown in Figure 14, and the 

MAPE is 5.25%. 

 

            Figure 15: 24 hour load profile (4 Aug 2017) 
 
The highest APE is 8.63% as shown in Figure 15, and the 

MAPE is 3.80%. The results of the forecasting study done on 

the said small scale power system are presented graphically as 
shown above.  
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V. DISCUSSION 

The MAPEs for winter (28 Jan 2017), and summer (4 Aug 
2017) are lower than the MAPE for spring season (12 May 
2017) as highlighted in section IV (Case study). This can be 
attributed to the fact that in winter, and summer there is a 
highly significant correlation between temperature, and the 
load demand. Hence, it is fairly easy to model, and predict 
load demand for winter, and summer seasons. However, the 
daily peak demand in summer (4 Aug 2017) is higher (13.2 
MW as shown in Figure 15) than the daily peak demand in 
winter, which is 10.9 MW on the 28th of January, 2017. In 
summer more electricity is consumed since the air 
conditioning units for cooling only run on alternating current 
(ac) whereas in winter less electricity is consumed since the 
heating appliances are powered by both electricity, and natural 
gas. As for the spring season (12 May 2017) the electricity 
consumed is the lowest (daily peak demand is 9.29 MW as 
shown in Figure 14) when compared to the above said seasons; 
the temperatures experienced in spring season are moderately 
high or low, and hence depending on the temperature of the 
day less heating or cooling appliances are used. The use of 
heating or cooling appliances in accordance with the 
temperature, and the habits of the consumers in accordance 
with the day type, time of the day, and season dictate the daily 
power consumption pattern for a microgrid whose class of 
consumers is mainly residential and/ or commercial. 

VI. CONCLUSION 

The performance of the model which is evaluated on the 
basis of MAPE (3.8% for summer season) is quite good. The 

model accuracy can be improved by taking into consideration 
the daylight savings time of the area in which the microgrid is 
established (Providence, Rhodes Island). The daylight saving 
is responsible for decreasing the average daily load, and 
shifting the daily peak demand from one time of the day to 
another. Weather factors such as humidity, precipitation which 
affect power consumption can also be adopted to better the 
accuracy of the model. Gaussmf, and sigmf are complex types 
of membership functions (MFs) which can be used to improve 
the accuracy of the model in lieu of the simpler triangular, and 
trapezoidal MFs used to model the system. Nonetheless, the 
latter MFs can still be used, but to achieve a greater degree of 
accuracy an increased number of the said MFs is required. For 

triangular MFs (trimf) are used. If the number of the just said 
MFs is increased to eight or nine the accuracy of the model 
increases. Last but not least, incorporating special days, and 
public holidays into the model also increases the accuracy of 
the model.  
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       Abstract - In this study, it is aimed to develop a wearable 
device, mounted on wrist or arm, that collects information of 
service staff (operator or maintenance personnel) related to 
vital health conditions. This device is able to stop the machine 
urgently according to health parameters in order to prevent 
work accidents. The system consists of two parts; one part is 
wearable unit and the other part is control unit that is 
integrated with the machine. These two units are paired each 
other over XBee communication channel. Wearable device 

monitors the user vital health parameters such as hearth rate, 
oxygen saturation, body-heat and motion data such as 
acceleration and rate of turn. Abnormalities in these data can 

health condition is not stable the machine is stopped urgently 
by the control unit. This application is an important personal 
safety system and can reduce work accidents/hazards which 
occurs during maintenance operation. This study can be 
considered a good model for work safety in Industry 4.0 
concept. 

      Keywords - Wearable, Work Safety, Safety Equipment, 
IoT, Industry 4.0. 
  

I. INTRODUCTION 

Today, industrial facilities are becoming more complex 
with the increase in machinery parks and growth of 
working spaces. Various methods have been proposed in 
the literature to prevent work accidents or to take proper 
security measures for minimal damage [1].  

Production and maintenance activities contains 
intensive workloads therefore it is not surprise to see that 
the industry suffers from high rates of injuries and 
fatalities. According to TUIK (Turkish Statistical 
Institute), production industry's rate of non-fatal injuries is 
48% greater than the average rate in Turkey as shown in 
Figure 1 [2].  

 
Figure-1 Number of Injury Case [2] 

Number of fatal injuries arising from work accidents 
were gradually increased between 2012 and 2014 in 

Turkey according to Turkish Social Security Institution 
(SGK) and Turkish Occupational Health and Safety 
Council (ISIG) reports, as it given in Figure 2 [3]. This 
situation forces authorities and researchers to take proper 
measures in order to prevent work accidents.  
 

 
Figure 2- Number of fatal injuries [3] 

Wearable devices such as smart bracelet, smart watch, 
smart glasses, smart clothes have been widely used in 
many areas [1,4]. Within the scope of this study, an 
industrial wearable security kit was designed and used in 
order to prevent work accidents. This security kit let 
employers, who work to operate or maintain machinery, to 
control the machine wirelessly. Staff who performs 
maintenance on a machine will be able to stop machine 
instantly in case of a dangerous case. This security kit 
collects vital body parameters like hearth rate, body 
temperature and oxygen saturation. These vital health 
parameters are associated with presenteeism, which cause 
loss of concentration.  

Our wearable security kit uses personal health data to 
generate automatic responses such as stop the machine 
completely or disable some functions of it in order to 
prevent any damage that may occur. Wearable security kit 
that developed in this study can be considered as a good 
example for industry 4.0 in concept of machine to machine 
interactions. Thanks to cloud computing and IoT (Internet 
of Things) technologies this wearable security kit can 
interact with different devices and platforms for further 
applications [5].  
 
 
 

II. CASE STUDY 

Wearable Safety Kit 
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The wearable security kit was test

, very well-known furniture producer in the World, 
facilities located in Melikgazi/Kayseri/Turkey. A series of 

m
(Occupational Health and Safety) department, 
maintenance staffs and competent engineers before start to 

the system design. These interviews help us to understand 
needs, challenges and optimization opportunities about the 

issue in detail. In this way, a basic knowledge and 
understanding is achieved about the accidents that 

happened in industry. All work accidents happen in 
were investigated and some similarities 

were discovered in these cases.  

Operational principles of machines employed in the 

company machinery park were analyzed one by one. 
Operational vulnerabilities and safety frailties occurred 

during maintenance activities were discussed. 

Functionality of the wearable safety kit as an accessory 
such as eyeglasses, vest or wristwatch and advantages and 

disadvantages of these options were also discussed. Basic 
properties of our wearable security kit were determined 
according to .  

III. ALGORITHM 

Data obtained from internal sensors (Temperature, 
Pulse Oximeter, Gyroscope, Accelerometer, Ultrasonic, 

Humidity) of the wearable safety kit is being analyzed in 
real time by the wearable unit and results sent to the control 

unit. These data are also saved to a computer for 
future calculations. Unusual situations can automatically 
be  data and when it is 

necessary then emerging situations can be forwarded to 
relevant authorities via e-mail, SMS or push notifications. 

Data transmission between the wearable unit and the 
control unit is wireless.  

The control unit found on machine side can wirelessly 

receive sensors data with vital health information of the 
staff who wear the wearable security kit 

emergency will be activated automatically when 
dangerous situations are detected. In normal conditions 
proper working scenarios are applied based on transmitted 

sensor data. The control algorithm of the wearable safety 
kit is given in Figure 3 as a block diagram. 

IV. SYSTEM OVERVIEW 

The system consists of two parts. The first part is the 
wearable unit that is worn by a staff and it contains a 

processor, sensors and variety of electrical components; 
the second part is the control unit placed on the machine 
side. The control unit handles machine-control by creating 

suitable conditions (enabling power or control) in 
accordance with the received sensor data from the 

wearable unit. These units can communicate to each other 
and monitor emerging  by analyzing 

data.  

 
 

 

 

 

 

 

 
 

Figure-3: Operation Algorithm 

A control unit of a machine can communicate with 
other control units and exchange information through the 

established network structure. A wearable unit worn by a 
staff is also able to pair with multiple machines at separate 
times however it cannot control multiple machines at the 

same time. In other words, one controller is able to pair and 
control only one machine simultaneously. 

The wearable unit contains a controller, wireless 
communication device (XBee), OLED screen module, 
internal sensors and rechargeable battery pack. The control 

unit, it can be found on machine side, consists of a 
controller, wireless communication device (XBee) and 

relays [6,7].  

A. Controller Unit 

Teensy 3.2 was chosen as controller in the wearable 

safety kit. Thanks to its 32-bit ARM Cortex-M4 72MHz 
central processing unit (CPU) operations can be completed 
quickly [8]. This controller has 34 digital input/output pins, 

therefore sensors, screen and other peripherals easily 
connected and controlled. 

B. Wireless Communication Device 

XBee Pro, radio frequency is 2.4GHz and power 
consumption is 60mW, was used as a wireless 

communication device. This device supports two different 
communication methods that are wireless and serial. In 
wireless communication mode, modules are tuned to 2.4 

GHz frequency band, 802.15.4 low power consumption 
standard is employed and long range RF communication 

protocol is used. Communication between the wearable 
and the control units is provided wirelessly but 
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communication between controllers is established over 

serial communication channel with I2C protocol [7].  
Personal area network (PAN) structure is used to 

establish a network structure and connect all activated 
devices to each other. In this structure there are a single 
coordinator, routers and end-devices [6]. This network 

structure establishes an efficient communication 
infrastructure between machines located in a crowded 

machinery park. PAN network structure can be considered 
as a good network model for Industry 4.0. PAN network 

structure is shown in Figure 4. 

 

Figure-4: Sample of Established Network Structure [9] 

C. Screen Module 

Information screen found on the wearable unit is 
selected as Black-White, 0.96-inch and 128x64 pixel 

screen module providing low energy consumption. In this 
way, energy consumption in devices are tried to be 

minimized [10].  

D. Internal Sensors 

The raw data instantly obtained from gyroscope and 
pulse oximeter sensors are applied to software filters. 

Filtered data is more smooth because it is eliminated from 
noise.   Acquiring reliable pulse and body temperature 

values are strongly depended on infrared measurement unit 
located in the sensor. Location and personal activity 
information can be obtained from three-axis gyroscope 

with dead reckoning and machine learning techniques. 
Therefore, when a staff experiences a fall during operation 

or maintenance detected by gyroscope data [4,11] and the 
machine can be switched off in order to prevent possible 

accident.  
Gyroscope and pulse data are noisy and not stable. This 

problem causes the wearable security kit to give wrong 

decisions. Complementary filter method was used to cope 
with stabilization problem in gyroscope sensors [12]. 

Errors in gyroscope values were reduced and sensor 
response was transformed into smooth transitions by 
employing this filter.  

E. Rechargeable Battery Block 

The wearable unit contains a rechargeable battery 

block. The rechargeable battery energizes the wearable 
unit and makes the system active. Rechargeable battery is 

chosen as Lithium Polymer (Li-Po) type. The control unit 
of the wearable security kit is directly plugged in an 

electrical outlet therefore there is no battery block in the 
control unit side. 

V. SAFETY LEVEL 

In accordance with industrial safety standards, the 

safety category level of a safety equipment must be 
determined in terms of Safety control integrity level (SIL) 
degree. SIL is used to categorize potential danger of a 

machine. Danger risk of a machine defined by IEC 61508 
(Functional Safety of Electrical/Electronic/Programmable 

Electronic Safety-Related Systems) and IEC 61511 (Safety 
Instrumented Systems for the Process Industry Sector) 
standards. There are four SIL degrees for safety 

equipments and can be calculated as Table 1 [13]. Defining 
SIL degree of the wearable safety kit designed in this study 

is mandatory part of our Application. SIL degree of the kit 
is found three according to risk analysis given in the table 
below. This analysis comprises frequency and severity of 

accident risks. Since the wearable safety kit uses wireless 
communication it can be categorized with SIL3 degree at 

maximum. 

Table 1: SIL Degree Calculation Table [13] 

 

Suitable hardware combination that establishes security 

conditions was searched according to IEC 61508 and IEC 
61511 standards. The system architecture aimed to be 

designed is given in Figure 5. SIL degree of the peripherals 
are determined by the lowest SIL degree of subpart of 
whole system. For this reason, all devices that wanted to 

be used with the wearable safety kit are expected to be 
SIL3 degree at minimum. 

 

Figure 5:  2-Channel System Architecture  
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VI. DATABASE SYSTEM 

All information that is generated from whole the system 

is saved to a database therefore these big amount of data 
can be reached anytime. Saved data contains the wearable 

safety kit sensors data, machine operation and maintenance 
durations, staff information and control history with time 

stamps.  

VII. CONCLUSIONS 

As a result of this study, two devices are designed as 
Master and Slave unit. Slave unit (the wearable unit) worn 

by staff and the master unit (control unit) placed on 
machine. In this way, staff is being 
transmit to machine control over XBee in order to reduce 

occupational accidents, increase work safety and facilitate 
machine maintenance activities. 

A primitive prototype was created using Teensy 
development board and sensors. Control algorithm was 
created for transferring and processing data. Since 

gyroscope and pulse oximeter are nonstable and noisy 
complementary filter with gyroscope and average values 

of pulse sensor were used. Connections were tested by 
establishing wireless connection points between master 
and slave units in Merkez elik A  Different antenna 

types were tried to increase range of wireless devices. 
Created prototype was tested on a machine. The 

wearable unit was located on left wrist of the first author 
and a relay controlled by the control unit was serially 

connected to the machine emergency line. This relay was 
manipulated with the commands transferred by the 
wearable unit and fall of author automatically detected by 

the control unit and machine was stopped automatically. 
Fall decision is given by control unit in order to increase 

battery life on the wearable unit.  
Created prototype was tried by eleven maintenance 

staffs and their user experience was reported. According to 

this report prototype must be redesigned for meet the new 
demands. 

VIII. FUTURE WORKS 

The wearable security kit may be designed as different 
types of accessory (hard hat, goggles, vests) to improve its 

ergonomic and supported with a camera. User experiences 
with different models of safety equipment would be 
compared to each other in order to find the most 

convenient model.  
A supervisory control and data acquisition (SCADA) 

system would be developed. It will be possible to modify 
parameters or monitor machinery online with this SCADA 
system. 

Application for SIL3 certification will be made for our 
safety kit., 
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Abstract - Although there are a lot of studies in the literature
for determining faults on High-Voltage Alternative Current
(HVAC) lines, there are only a few studies performed for
automatic detection of fault location on High-Voltage Direct
Current (HVDC) transmission lines. This study is devoted to
determining single phase to ground faults on HVDC transmission
lines by using machine learning and signal processing methods.
Fault simulations were performed by using Matlab software. The
recorded fault current and voltage signals are decomposed by
using Discrete Wavelet Transform (DWT) for the feature 
extraction stage of the proposed method. 12-level decomposition 
with Daubechies (db4) wavelet family is preferred for time-
frequency analysis. Artificial Neural Networks (ANN) and 
Support Vector Machines (SVM) methods are used to estimate 
the distance of fault locations. The results obtained show us that 
SVM method has a lower error rate (1.79) than ANN (3.26) in 
fault location estimation. This study will be an excellent 
example of digital distance protection of HVDC transmission 
which is the growing trend in the new electrical energy 
transmission networks. 
 

Keywords - Artificial Neural Networks, Discrete Wavelet
Transform, HVDC transmission lines, Support Vector Machines.  
 

I. INTRODUCTION 

N modern World, energy requirement that has become an
indispensable part of our lives are fulfilled by increasing

power plants day by days, electric grids, electronic control
systems. Established those systems without regard to any
human power or manual control can be thought of as the
first steps towards to a  single enormous system involving
power systems too. HVDC transmission systems are emerging
technologies that appeared in our lives soon like the concept of
energy efficiency. In the use of HVDC systems for transporting
high power levels to far distances,  rapidly evolving high
voltage converters and other high-voltage devices have a 
significant concern. Currently, HVDC systems are known as 
an efficient and robust way transmitting high power levels to 
far distances [1], [2]. There are many advantages to carrying 
with DC compared to Alternative Current (AC). Some of these 
are different tasks, such as small net losses for long distances, 
more power transmission per conductor and underground 
transmission as a return path. Another advantage of 
underground transmission is that each conductor can be 
considered as an independent circuit. Because of not exposed 
to external influences such as load current and surface effect, 

there are no reactive power requirements [3]. It can also 
perform many different tasks such that removing system 
synchronisation and stability problems, simpler transmission 
towers and connecting AC systems at a different frequency.  

HVDC systems are used quite often especially for 
underwater and underground connection applications. To have 
more expensive station equipment than its counterpart is 
considered as the most prominent disadvantages of HVDC 
systems [4]. Other obstacles encountered within power 
transmission are mainly in the event of permanent failure, 
power transmission capacity is reduced to half of its value, 
supply of switching components to faults in multi-terminal 
structures, reactive power requirement of rectifier-
transformer stations, costly switching and station equipment,
development of fault detection and location algorithms, the
operating difficulty of multiple terminal stations and challenges 
encountered in changing the direction of power etc. While 
the protection equipment and fault detection methods are 
similar to the AC systems, the line current and voltage
characteristics are utterly different in HVDC systems. In
general, fault detection methods in HVDC transmission lines
are based on; impedance measurement, current and voltage
signal analysis techniques, intelligent network applications and
classical travelling wave protection method. 

HVDC protection methods are divided into two groups. The 
first one is the primary protection and the second is the 
background protection. While HVDC systems use travelling 
wave protection as the primary protection algorithm, 
differential protection, derivative protection, over current and 
over voltage protection are used as background protection. 
Although these methods provide a low level of protection in the 
background protection, they prevent damage to the system 
components in case of failure of the primary protection 
components [5]. 

Considering the literature studies made in recent years, fault 
detection methods in HVDC transmission lines are being 
carried out intensively in different areas such as travelling wave 
method, signal decomposition methods, smart grid 
applications. In [6] [9], the authors benefited from different 
approaches to the travelling wave protection during fault 
detection. Traveling wave method determines the location of 
the faults using time difference between the arrival time of 
travelling and reflected waves in both directions from the fault 
point to terminals. In the case of both terminal signals are used, 
the arrival time to fault point of forward and backward reflected 
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waves and the arrival times to the travelling wave detectors are 
also utilised by GPS data. In the case of using a single terminal, 
even though GPS data is not needed it is crucial to determine 
the arrival time of the reflected second wave correctly. Wavelet 
Transform (WT) method, which is frequently used among 
signal decomposition methods, is preferred for determination of 
high-frequency components by utilizing different 
decomposition packets and feature extraction. In [10], authors 
have proposed an approach that overcomes to problems such as 
boundary region distortions and noise reduction in travelling 
wave method by taking advantages of the modulus maxima of 
the wavelet transform of DC signals obtained from the rectifier 
side. In [11], authors discussed the fault location algorithm and 
test results which combining both Continuous Wavelet 
Transform (CWT) and travelling wave method during fault 
analysis on hybrid HVDC transmission lines and underground 
cables. In [12], authors used generalised regression neural 
networks (GRNN) for fault estimation and used singular value 
decomposition (SVD) at feature extraction stage by using 
travelling fault waves on HVDC transmission line. The feature 
vectors obtained from current and voltage signals are employed 
in the modelling stage to show the relationship between fault 
location and the travelling wave after training of neural 
network. In [13], authors have benefited from the simulation 
model on Matlab software in their work. They also benefited 
from the neural network that uses backpropagation algorithm 
during the classification of different fault conditions (L-L, L-L-
G, L-G ) by recorded signals on the AC side of HVDC model 
using voltage source converter. In [14], authors benefited from 
an approach to detection and location of faults using both SVM 
and travelling wave method in HVDC transmission lines which 
consist of overhead and underground lines.  

In this study, virtual faults are generated in each km of the 
transmission line of 300 km of HVDC simulation work. DWT 
has used in signal decomposition stage to obtain feature vectors 
from fault current and voltage signals. The wavelet energy and 
Shannon entropy values are determined to reduce the size of 
feature vectors after normalisation to express each fault state 
using fewer data. In the fault location estimations process, a 
multi-layer feed forward back propagation neural network and 
least-squares support vector machines (LS-SVM) are 
employed. In this study, where only single phase-ground faults 
examined, it is understood from obtained graphs and regression 
values that the WT-LS-SVM combination has a relatively high 
performance in the fault location estimation process. Another 
result obtained from the simulations is that the performance of 
the proposed method is independent of the variation of fault 
resistance. 

II.  WAVELET TRANSFORM 

Fourier transformation is an excellent approach to the 
analysis of frequency-independent signals. However, it cannot 
give the desired results in the transient analysis. The wavelet 
transform is very efficient in the analysis of non-stationary 
signals. The resolution of the time-frequency signal can be 
obtained optimally [15], [16]. In the WT, which can be 
displaced during expressed with specific functional forms can 
be realised. While short-time Fourier transform (STFT) uses a 
fixed window function, in the WT analysis a wavelet function 
(x) is used. Another consideration in wavelet transform is that 
to define the process is continuous or discrete. In this way, a 
discrete or continuous sampling of the main wavelet function 
with shifting and scaling process can be achieved. In the DWT 
method, shifting and scaling operations are performed by 
applying discrete steps. This process is shifted or scaled around 
the discrete numerical values depending on the distance. The 
main wavelet function used in DWT is given in as in [17] and 
[18]. 

 

 (1) 

 
Where j and k are integers,   is the scaling coefficient 

and   represents shifting coefficient which depends on the 
scaling coefficient. Another parameter that should be 
mentioned in DWT is the scaling function. This function 
provides in the determination of detail and approximate 
coefficients. The smaller the scaling, the more detail 
coefficients can be obtained from [18] and [19]. The scaling 
function is given in (2) 

 
 (2) 

 
The general expression in (3) is used to mention about shifting 

and scaling of the analysed 1 scale. 
 

 

 (3) 
In this equation,  is a scaling function,  is the 

selected wavelet function and  and  are 

orthonormal coefficients.  is the low pass band of the 

decomposed signal spectrum and  is the high pass band. 

A. Wavelet Entropy 

Wavelet entropy is a combination of wavelet theory and 
entropy theory, and it is an expression of the distribution of 
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frequency components in different levels of the signal. Wavelet 
entropy theory and its applications can be used at different 
stages such as fault detection phase and system state 
identification [18], [20], [21]. When the signal , in which 
the discrete wavelet transform is performed, the detailed 
coefficients obtained from the high-pass filters  , 

approximate coefficients obtained from low-pass filters  

components containing the information of the frequency band 
at k time and the j scale is presented as  and . The 

mathematical representation of  and signal 

components are shown in (4) and (5). 
  

 (4) 

 

 (5) 

 
In the above equation,  is sampling frequency. The original 

signal sequence  can be thought of as the sum of all 
components. The wavelet spectra and wavelet energy 

spectra  of the wavelet entropies at j scale are shown in (6) 
and (7) respectively. 

 

 (6) 

 (7) 

 

When using orthonormal wavelet transform, the total signal 
energy  and the sum of the energies of each component at j 
scale , mathematical expression of the Wavelet Energy 

Entropy (WEE) value is shown in (8) as, 
 

 (8) 

 

where  and . There are many commonly 

used entropy calculation methods and some of those; Shannon, 
Threshold, Norm, Logarithmic Energy and Sure criteria. In this
study, Shannon entropy values are calculated to represent each
fault location by using fault current and voltage signals. 

III. SUPPORT VECTOR MACHINES 

SVM is a classification method based on statistical learning 
theory, optimisation theory and Vapnik-Chervonenkis 
dimension theory [22]. The SVM method can be thought of as 
transferring the original input space data to the 
multidimensional feature space, which can be linearized by an 

optimally formed separating plane. Although the SVM method 
is mainly developed for binary classification, there are also 
multi-class methods in which more than one binary SVM is 
used. In this way, it is possible to classify the sample space data 
which cannot be linearly classified into multiple classes using 
parabolic or exponential functions [23]. In SVM method, 
consisting of N observation in n-dimensional space, each data 
vector of a single data pair is 
defined by the class label corresponding to this 
data vector.  The input data of positive class  and input 
data belonging to the negative class  is grouped by 
using any  hyperplane selected for the classification 
process [29]. The definition of  and  
mentioned here can be thought of as belonging first group or 
second group. The mathematical representation of  
hyperplane defined for classification process is given in (9) and 
(10).  

 

 (9) 

 (10) 
 
There;   is an n-dimensional vector and  is a threshold 

value. The main purpose of SVM method is to define the widest 

generalization ability is achieved by maximizing this splitter 
plane [25]. In order to maximize the range of  must be 
obtained minimum value of .   can be rewritten 
mathematically as shown in (11). 

 

 (11) 

 
SVM places the original input space data in the feature space 

with though kernel function and support vectors specified 
around the hyperplane. The linear decision function in binary 
form, which transfers  to  dimension and F feature space 

using a nonlinear vector function  is 

given in (12). Fig.1 represents of basic classification principle 
of SVM. 

 

 (12) 
 
Assuming that  are the optimal solution for binary 

problems of  and the values in this equation 
 represent Lagrange multipliers [26]. This 

equation can be solved using a nonlinear kernel function as 
shown in (13) to determine which class of training sample 
belongs as a result of this equations. 
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 (13) 

 

 
Figure 1: The optimal hyperplane and support vectors 

 

The kernel function can be in different forms, depending on 
variety and complexity of the classification process. 
Polynomial, Radial basis or sigmoid kernel functions are some 
of the preferred in SVM. 

A. Least-Squares Support Vector Machines 

Least Squares Support Vector Machines (LS-SVM) 
regression method is a rearrangement of standard SVM, and it 
is created by combining different approaches such as 
regularisation networks, Gaussian process, Fisher discriminant 
analysis, reproducing kernel function in Hilbert Space (RKHS) 
[27]. Also, LS-SVM method helps in classification and 
determination of the optimal hyperplane through primal-dual 
representation for difficult optimisations [27]. LS-SVM models 
used in classification and non-linear regression process are 
derived from linear Karush-Kuhn-Tucker (KKT) systems. In 
LS-SVM, Vapnik  formulation rearranged from two points 
[27]. Firstly, the expression of inequality in SVM has taken
the place of equality. Thus, the 1 value on the right side of the
equation considering as a threshold becomes the target value. 

This target value allows misclassifications until error value  
is determined which result from the spread of intersection 
regions of projection function. In the second arrangement, this 
error variable used as a square expression  in LS-SVM. 
Mathematical expressions of these regularizations proposed by 
Suykens [27] are given in (14). 

 

 (14) 

 
In this equation,  represents the error value,  is 

regularization constant,  is n-dimensional vector of the output 
layer and,  is the threshold value. Primal representation can be 
used in linear classification problems but generally w can be an 
infinite dimension, so to solve this issue dual representation 
preferred for nonlinear classification in LS-SVM. The primal- 
dual representation of LS-SVM method given in (15). 

 

 (15) 

IV. SIMULATION STUDY 

In the simulation study, a 1000 MW (500 kV, 2 kA) DC 
interconnection is used to transmit power from 500 kA, 5000 
MVA 60 Hz network to a 345 kV, 10000 MVA, 50 Hz network. 
The rectifier and inverter are constructed using 12 pulse 
converters. The rectifier and inverter interconnected through a 
300 km distributed line and two 0.5 H reactors. The control 
system for inverter and rectifier is created using the 12 pulse 
HVDC Control Block elements from the Matlab library. Two 
breakers are used to apply faults on the inverter AC side and 
rectifier DC side. AC transmission line sections are built using 
embedded L-R equivalent circuit and third harmonic 

component. The converter-transformers (Wg, Wye, 0,) 
modelled with Three-Phase Transformer (Three-Windings) 
blocks. AC filters are used to prevent the odd harmonic currents 
spreading out on the line. Also, these filters can be thought 
as large capacitors at the fundamental frequency, thus 
providing reactive power compensation for the rectifier 
consumption due to IdR and 
IdI) and DC voltages (Vd LR and Vd LI) defined in control 
blocks scaled to pu (1 pu current=2 kA, 1 pu voltage=500 kV). 
In normal operation, the current value of the rectifier (Id ref) 
and the voltage value of the inverter (Vd ref) pursue a 
predefined reference value in the system. They are set at 0.1 and 
0.05 pu, respectively. In the simulation, control systems for 
both inverter and rectifier use the same Discrete HVDC 
Controller Block from the Simulink/SimPowerSystems library. 
This control block can operate in both rectifier and inverter 
mode. The Master Control system generates the current 
references for both converters and initiates the starting and 
stopping of the DC power transmission. In inverter control 
system, gamma measurement block observes the extinction 
angle 6 pulse thyristor 
in control system is the firing delay angle ordered by the 
regulator.  
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Fault current and voltage signals obtained from the simulation 
recorded at each km of 300 km between the 15th and 285th. 
Fault duration is kept constant for each km and appeared 
between [0.7-0.8] seconds after the simulation start. The 

monopolar HVDC transmission system benefited in this study 
is shown in Fig. 2. Table I gives the characteristics of the DC 
transmission line used in the simulation.  
 

 
Figure 2:12-pulse monopolar HVDC system 

 
 

 
Table I. Properties of DC transmission line in the simulation 

 

Transmission Line Characteristic 

Length 300 km 
Class Distributed parameter 
Circuit Structure Serial RLC 
Smoothing Reactors 0.5 H (2 units) 
Primary voltage 0.90  (rectifier side) 

0.96  (inverter side) 
Sampling Time (s) -6 s 
DC line voltage (kV) 500 kV 
DC line current (kA) 2 kA 
Fault resistance Rd Ron (1 ohm) 
Grid frequency 50 / 60 Hz 
Resistance 
Inductance 
Capacitance 

0.015 ohm/km 
0.792.10-3  H/km 
14.4.10-9 F/km 

 
The current and voltage values of the rectifier side in the 

simulation operation under steady state and fault condition are 
given in Fig. 3 and Fig. 4 respectively.  
 

 
Figure 3: Initial DC line current (a) and voltage (b) values of the HVDC system 

 

 
Figure 4: An example of single phase-ground fault and fault current (a) and 

voltage (b) occurring at 50th km of DC transmission line (rectifier side) 

 
The alternation of DC fault current and voltage values 

according to nearest and farthest points selected in the 
simulation study are given in Fig. 5. 
 

 
Figure 5: Alternation of DC line fault current  (a) and voltage (b) values 

according to km 
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Figure 6: An example of single phase-ground fault and fault current (a) and 

voltage (b) occurring at 15th km of DC transmission line (rectifier side) 

 

A. Feature Extraction 

DWT method can detect the high-frequency components 
using of a wavelet that is shifted and scaled by discrete 
coefficients through the signal. In analysing the process of 
DWT, the original signal first passed through high and low pass 
filter, and the output data is decomposed to obtain 
approximation and detail coefficients. Subsequently, these 
approximation coefficients are sent to the second level to repeat 
the operations applied to the previous level. These process steps 
are continued to likewise until to desired decomposition level. 
Fig. 6 shows the first five levels of the DWT of the fault signal 
occurred at 15th km of DC line. 

 

 
Figure 7: The first five level of DWT of the fault current (a) and voltage (b) 

signals at 15. km of DC line 

 
In this study, after applying DWT to the fault current and 

voltage signals, 13 feature vectors in total, including 12 details 
and 1 approximate coefficient are obtained. Since the 
approximate coefficients in the 12th level contain low-
frequency components, they are not considered as a distinctive 
feature and removed from the dataset. Thus, in total 22 feature 
vectors are obtained from the current and voltage signals for 
each km of fault point. The decomposition process of the fault 
current and voltage signals contains only the part of first 20 ms 
after the fault started. Therefore, the data set include the 
samples of the signals between [14000-14400] samples. As it is 
well known, the fault inception angle which is very important 
in AC fault analysis does not affect the DC fault analysis. So, 
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all faults simulated at the same time interval in this study. 
Daubechies (db4) wavelet family, which frequently preferred in 
fault detection, estimation and classification in power systems 
is selected as a mother wavelet. The sampling frequency is 20 
kHz. Fig. 6 shows the first five levels of the DWT of the fault 
signal occurred at 15th km of DC line.  Since the feature 
datasets obtained from DWT are very large, the datasets are 
reduced to smaller sizes so that there are no changes in features. 
For this purpose, the wavelet energy and Shannon entropy 
values of the DWT coefficients calculated.  

 

B. Fault Estimation by using ANN 

The feature vectors obtained after applying DWT to fault 
signals evaluated as the input values in training and test process 
of the ANN to used in the fault location prediction. The ANN 
used in this study is a single layer neural network which uses 
feed forward back propagation learning algorithm. In the 
training stage, the Levenberg-Marquardt training algorithm is 
preferred. The mean squared error (mse) is specified as the error 
function. Tangent sigmoid and linear activation functions are 
selected for input and output layer respectively. When the 
number of hidden layer neurons of the trained ANN specified 
as 20, the best performance is obtained considering the feature 
vectors. Other parameters that are set to find the most 
appropriate coefficients in hidden layer determined as iteration 
number =1000, maximum error value =100, minimum 

limitations. If ANN iteration steps reach any of the specified 
limit values, training has ended. In the ANN application, The 
input datasets distributed as 60% for training, 20% for testing 
and 20% for validation. Therefore, the sizes of data matrices are 
[22x163] for training and [22x54] for testing and validation of 
ANN respectively. 

 

C. Fault Location Estimation by LS-SVM 

In this study LS-SVM method preferred over the fault 
prediction stage for reasons such as using  and 

 parameters that reduce training error and regulate 
the sensitivity of the hyperplane. The regularization parameters 
monitor the relevance between training error reduction and 

defined error tolerance function for curve fitting in kernel 
space. Another important parameter that should mention in LS-
SVM is the specified kernel function. In the study, a radial basis 
kernel function uses to improve accuracy. The mathematical 
expression of radial basis kernel function is given in (16) as, 
 

               (16) 

 

Where,  represents training sample pairs and 

 represents the variance of the Gaussian kernel 
function. Trained datasets of LS- -
one- -validation method. By this approach, the model 
populated with the remaining data sets by a certain set of data 
excluded from each validation cycle. The performance of the 
model is estimated from the remaining data sets. This process 
repeats for each set of data and then calculates the average of 
different performance values to achieve a result about the 
fulfillment of the entire model. In the LS-SVM application, the 
input datasets similarly distributed as 60% for training, 20% for 
testing and 20% for validation. In the last case, input data 
matrices are for training of ANN , for testing and 
validation . Figure 8 represents the actual and 

-SVM simulations.  
 

 
Figure 8: Fault location results of ANN and LS-SVM 

Table II gives the regression parameters; root means 
square errors (rmse) and performance comparisons of ANN 
and LS- SVM simulations. Also, the inherent characteristics 
of LS- SVM offer it more compatible options when 
considering the generalisation and clustering tasks of data 
sets. 

 
Table II Obtained results from ANN and LS-SVM applications 

under different fault resistances 
 

Comparison 
parameters 

ANN LS-SVM 
Ron=1 
ohm 

Ron=10 
ohm 

R=100 
ohm 

Ron=1 
ohm 

Ron=10 
ohm 

R=100 
ohm 
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Rmse value 3.657 3.2676 3.324 1.814 1.8016 1.796 
Regression 
value  

0.998 0.9992 0.999 0.999 0.9997 0.999 

Performance 
 

97.58 96.42 98.4 98.26 98.30 98.30 

 

V. CONCLUSION 

In this study, single phase-ground faults occurred in HVDC 
transmission lines are examined using DWT, ANN and LS- 
SVM. The fault current and voltage signals obtained from 
simulation are recorded only on DC side of the line. These 
signals are decomposed using DWT for signal processing and 
feature extraction steps. After the calculation of energy and 
Shannon entropy of the fault signals, the feature vectors for 
ANN and LS-SVM have been obtained. LS-SVM method 
achieved better results than ANN method under different fault 
locations and fault resistances with the performance ratios 
above 98% for different fault resistances. Also, there is no need 
to determine the optimal hidden layer neurons or other 
parameters; more effective results can be obtained from LS- 
SVM. Although there are many studies performed in the 
literature for AC transmission line fault analysis, this study 
shows that the signal processing and machine learning 
techniques can be used for HVDC line fault analysis. In the 
further studies, these methods will be used for bipolar HVDC 
lines and multi-terminal DC interconnection systems which are 
preferred commonly in HVDC applications.  
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Abstract - Production automation is one of the necessity of 

modern era industry. In this work a welding robot automation 
project, used to speed-up production of metal chassis of bases that 
are widely used in furniture market, is presented.  Base chassises 
are constructed by welding different length of 20x20 mm sized 
metal rectangular-profiles. Two welding robots were used to weld 
these 0.91 mm thick metal profiles. Two fixtures which are used to 
hold these profiles in proper positions were designed too. In rotary 
axis servo drivers were used in order to make the welding robots 
to reach the welding points more easily. Program of the welding 
robots were developed and the parameters of the welding 
characteristics (ramp, speed, dynamic etc.) were defined and 
transferred to welding inverters. A PLC (Programmable Logic 
Controller) unit was used to communicate with two robots, control 
servo motors and pneumatic valves of the fixtures which is 
controlled by safety equipment used around the automation. 

fixture manually while welding robots are performing a welding 
operations. This automation was ensured that workers were not 
affected by toxic gases that emitted from welding operations.  
Moreover, the same amount of work was finished with fewer 
operators and possible work accidents were prevented. 
 

Keywords  Welding, robot, industry 4.0, PLC, automation, 
motion control 

I. INTRODUCTION 

EVULATION of the industry 4.0 which involved to our 
lives in recent years and will be more important for 
everyone and create the intelligent production economy of 

the future. Companies that want to be ahead of global 
competition in the world of the future, need to develop 
intelligent robots that will work in production, distribution and 
R&D processes. At the same time, artificial intelligence 
systems to be used in these robots, internet of things, and the 
development of the hardware and software systems that will 
enable all these intelligent world to work together in harmony 
are among the indispensable of the revolution of the industry 
4.0.  Our project carried out to automate the production of metal 
frames bases, to improving health and safety conditions of 
work, increasing production quality and reducing production 
time. In the later parts of the article, mechanical, electronic 
hardware and software design of the system were explained 
respectively. 

The rest of the paper is organized as follows: in section 2, 
mechanical design is described briefly. In section 3, electronic 
hardware design is summarized. In section 4, configuration and 
connection of Programmable Logic Controller (PLC) are given. 
In section 5, robot programming is explained. In section 6, 

adjusting welding parameters is described.  Results are 
discussed in section 7. 

II. MECHANICAL DESIGN 

Structure in the base chassis shown in Figure 1 basically 
contains two long edges, two short edges and four foots plates 
which used to attach base feet. The final product looks like a 
rectangular prism. 

 

  b)  c) 

 d) 
Figure 1: (a) Base chassis, (b) two short edge pieces of chassis,    
(c) four foot plates, (d) two long edges pieces of the chassis 

We aimed to standardize and improve the quality of welding 
operations then decided to use six axis welding robots and 
welding inverters. As it is shown in Figure 2, a single-axis 
movable fixture which is driven by a servo motor has been 
implemented. Operator can easily align pieces to the fixture. 
This fixture simplifies robot movements to reach welding 
points of semi-finished product.  

Operator puts pieces of base chassis parts on the fixture and 
these pieces are pressed with the help of the torque limiting 
capability of the servo motor. Robot performs the welding 
operation on compressed the semi-finished product. 
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Figure 2: Empty fixture with rotary axis 

In order to increase the production speed of the automation, 
two fixtures were produced. While welding operation is 
performed on a fixture by robot, operator is able to feed second 
fixture. 

Because of distance and the number of points to be welded, 
number of robots are increased to two in order to decrease 
welding process. An external axis is added to fixture with a 
servo motor in order to gain turning ability. Two Yaskawa 
MA1440 robots with a 10kg weight carrying capacity and 1440 
mm access range are selected. These parameters are defined by 
considering welding torches and hose packages. As seen in 
Figure 3, Yaskawa TrackMotion gantry unit for robots' linear 
mobility, Yaskawa positioners for the rotary motions of the 
fixtures, Fronius TPS4000 welding inverters and Siemens 1FK 
series servo motors were employed in automation system. With 
this configuration, fixture can be opened more comfortably and 
semi-products can be positioned more conveniently for robot 
welding.  

 

 
Figure 3: Track Motion linear axis for robots 

Final mechanical design was completed as seen in Figure 4. 
Two of Yaskawa TrackMotion gantry unit and Yaskawa 
positioners unit are used, one for welding and another one for 
operator. In this way preparation of semi products by operator 
and welding of the semi product by robot can performed at the 
same time. This multitasking job is designed and operated 
perfectly.  

 
Figure 4: Completed mechanical design 

III. ELECTRONIC HARDWARE DESIGN 

When mechanical design was completed first then required 
electronic parts were determined. Siemens Safety S7-1513F 
PLC was selected for communicate with robot controllers, 
welding inverters, safety components, peripheral remote IOs 
and external servo motors. Master-slave communication model 
which is popular in Industrial applications was preferred. To 
establish a master slave relationship between Yaskawa 
MA1440 robots and the PLC, HMS Profinet Slave PCI Express 
Card was added to the the DX200 controller of Yaskawa 
MA1440 Robots. The external axis cards were installed to the 
DX200 controllers to increase the mobility of the robot. This 
makes robots to respond more flexibly of their interpolation 
movements. Communication between the Yaskawa MA1440 
DX200 welding robots and the Fronius TPS4000 welding 
inverters was established with ModBus (as known 

) communication network 
locally., ModBus has been as a standard on the inverters [1]. 
Remote IO (Input/Output) units were preferred as profinet 
slave, so that compatibility with the PLC is ensured.  

In order to provide safe working conditions around the 
automation field a risk analysis was made. According to the risk 
analysis, safety sensors, safety switches, inductive sensors with 
safety outputs which can be installed in the profinet slave units 
were used. Then a panel was designed for mounting rail-type 
electronic components. 

IV. PLC PROGRAMMING 

TIA (Totally Integrated Automation) Portal was used for 
program Siemens S7-1500 PLCs. Safety Integrated Option 
package has been added to provide safety requirements and 
control of safety units. TIA Portal interface allows programmer 
to choose programming language such as LAD (Ladder), FBD 
(Function Block Diagram) or STL (Statement List). Servo 
motor control scenarios can also be performed with this 
platform. Both the software of the servo motor of fixtures and 
welding start conditions of the robots were implemented with 
TIA Portal, and uploaded to the robot controllers via Profinet. 
Status information of the robot motion, welding process and 
fault conditions were monitored by Profinet and the proper 
program that meet requirements were created with Tia Portal 
interface.  Finally, Human Machine Interface (HMI) touch 
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panel program that allows the operator to control automation 
was designed. The hardware structure was created in Tia Portal 
with tree form is given in Figure 5. 

 
Figure 5: Electronic component tree 

V. PROGRAMMING OF THE ROBOTS 

Industrial robots can travel from one point to another point 
linearly however each axis of industrial robots can also move 
independently. Those movements are planned using kinematic 
equations, coordinate system helps to increase the ability of 
robot movement. The welding of the base chasses consists of 
several two cm long line welding processes. Since welding lines 
are straight, movements were planned linearly. The origin of 
movement starting point is referenced to the end of the torch, 
called the Tool Center Point (TCP) [2]. 

The Yaskawa DX200 controllers support different 
programming languages. One of them is called LAD (Ladder) 
and it is used to write basic control. Another one is "Inform 
Language" and it is used to teach the desired position of the 
robots to the system then makes robot move these positions 
independently. Basically, operator teaches welding points to the 
robot by taking away it to the welding points with using the 

mode, it goes through the taught points and starts to make the 
welding process.  Welding software was written as a 
subprogram in the main automation program by Inform 
language. Yaskawa Inform language has a multithread program 
coding platform that allows programmer to run different 
programs, such as control and safety programs, simultaneously. 

VI. ADJUSTMENT OF WELDING PARAMETERS 

The arc welding is preferred. Arc welding is a kind of 
welding method that makes welding by melting of the metals 
by excessive heat that is generated by electricity [3]. Since it is 
cost effective solution for additive manufacturing, arc welding 
has been widely employed for producing of large metal 
components more than three decades [4]. A welding torch 
connected to the robot's TCP makes welding by transferring gas 
and wire with a hose package mounted on the robot. In welding 
process  (Carbondioxide) gas, 0.6 mm diameter welding 
wire are used with pulse method. An inverter capable of 
meeting all these specifications, the Fronius TPS4000, was 
preferred in this project. 

Fronius TPS4000 and Yaskawa DX200 controllers were 
paired with Modbus communication network. This network is 
used to transfer required parameters such as start and finish 
ampere values, ramp values for the ampere, gas durations, wire 
speeds and burn back ratio for arc welding. These parameters 
were used in inform language with the sample pseudo code 
given below. 
 
0000 NOP 
0001 MOVJ VJ=25.00 
//Moves manipulator to position 1. (Step 1) 
0002 MOVJ VJ=25.00 
//Moves manipulator to position 2. (Step 2) 
0003 MOVJ VJ=12.50 
//Moves manipulator to welding start position. (Step 3) 
0004 ARCON ASF# (1) 
//Specifies manipulator arc start with job number 1.  
0005 MOVL V=50 
//Moves manipulator to welding end position. (Step 4) 
0006 ARCOF AEF# (1) 
//Specifies manipulator arc end with job number 1.  
0007 MOVJ VJ=25.00 
//Moves manipulator to position 3. (Step 5) 
0008 MOVJ VJ=25.00 
//Moves manipulator to position 4. (Step 6) 
0009 END 

VII. CONCLUSIONS 

In the manner of work health and safety, the toxic gas which 
emitted during the welding operation has been disposed by 
aspiration system as well as minimizing the risk of work 
accidents with safety equipments placed around of this system. 
The whole system was surrounded by a fence, the doors of fence 
was controlled with safety switches with a safety PLC, were 
added in the automation. Dangerous work zone was blocked by 
laser safety scanners lest the operator causes a work accident. 
The rotating fixture was controlled by safety inductive sensors 
and safety 
in blocked zone. As a result of the risk analysis, all of these 
selected safety equipments (see Figure 7) have safety 
certificates. 
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Figure 7: Safety Laser Field Sensor, safety magnetic door 
sensor, safety laser scanner and field of application. 

 
In this project we present a cellular robotic automation for 

base-chassis welding project, please see Figure 8. As it is 
summarized in Table 1, a considerable work force has been 
gained with reduced process time. Production quality has also 
been increased while potential work accidents have been 
prevented. Our automation project perfectly meets industry 4.0 
features such as monitoring of production times, quantities, 
productivity analysis and communication of objects. 

 

 
Figure 8: Completed Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Table of system and operator welding durations 
and errors for certain sizes of bases chases. 

 

 
Base Chases 

(cm x cm) 

Robotic 
Automation 

 
Hand Welding 

Duration  
(s) 

Fault 
Ratio 
(%) 

Duration 
(s) 

Fault 
Ratio  
(%) 

 
120x200 

 
192 

 
2 

 
366 

 
7 

     
160x200 215 2 348 7 
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Abstract - Breast cancer can cause fatal outcomes if not 
properly treated for many women. Early diagnosis is very 
important to detect and prevent cancer. There are methods 
such as X-ray mammography, magnetic resonance imaging and 
ultrasonography. But these methods are not always accurate. 
For example; 4% to 34% of all breast cancers are bad and 
benign cancerous tissue may not be detected due to the 
contrast problem. On the other hand, microwave imaging 
applications, which have been intensively studied in recent 
years, are seen as a promising method. With this study, a 
microwave application was carried out in recognition of the 
fact that all materials have different permittivity and 
conductivity properties for breast tumorous diagnosis. For the 
application, the Vivaldi antenna design, which is ultra-
wideband (UWB), was implemented using the high frequency 
electromagnetic field simulation (HFSS) program. The 
designed antenna has FR4 base material, dielectric constant 

 base thickness of 
1.575 mm. The maximum values of the electric field, magnetic 
field and current density parameters on the antenna which 
resonates in more than one region in the range of 4.4 GHz to 
7.5 GHz have been obtained for non-tumorous and tumorous 
breast cells. This process was repeated in close and distant 
locations of the tumorous breast cell and the resulting 
differences showed the presence of the tumorous breast cell. 
From obtained results, it has been shown that the tumor tissue 
can be effectively detected with UWB Vivaldi antenna. 

  
Keywords - Breast Cancer, Microwave Imaging, HFSS, 

Vivaldi Antenna 

I. INTRODUCTION 

 
reast cancer is one of the most widespread types of cancer 
in the world. The key factor in treatment is to reliably 

diagnose the cancer in the early stages. Moreover, currently 
used clinical diagnostic methods, such as X-ray, ultra-sound 
and MRI, are limited by cost and reliability issues. These 
limitations have motivated researchers to develop a more 
effective, low-cost diagnostic method and involving lower 
ionization for cancer detection [1]. 
 
 

Recently, the interest of promising techniques such as 
confocal microwave imaging for breast tumor detection at an 
early stage [2, 3] has grown. The working principle of 
microwave imaging techniques is based on the dielectric 
contrast between the malignant-tumor tissues and the healthy 

processing of the scattered signals collected at the antennas.  
Regardless of the imaging method adopted, the antenna 

properties play a fundamental role in the design of an RF 
breast cancer imaging system. The radiating elements must 
fulfill specific requirements in terms of operating band and 
field penetration into the tissues in order to combine good 
image resolution with mechanical feasibility and cost 
moderation. For instance, the bottom edge frequency plays a 
very critical role as the RF signal can penetrate more 
efficiently at low frequencies. However, this requirement must 
be compromised with the overall size of the antenna. On the 
other hand, the top edge frequency affects the achievable 
resolution. This cannot be too high as the contribution coming 
from frequencies higher than 10 GHz would be reflected by 
the skin layer [5]. 

Ultra-wideband (UWB) antennas are suitable candidates 
for this application as they can offer very large operating band, 
stable radiation properties and compact dimensions [5]. 

In this paper, UWB Vivaldi antenna is proposed as a 
method for early breast cancer detection. Proposed antenna is 
used for the purpose of microwave imaging over detecting 
cancerous tissue into breast structure and so, a simple 3D 
breast structure is modelled to define cancerous tissue. This 
antenna has advantages such as low cost, compact and easy to 
use with minimum size its thus good potential for early cancer 
detection. 

In this work, better simulation results are obtained by as 
the tumor approaches the antenna. The antenna structure 
operating at 4 GHz and 9 GHz is placed in front of breast skin 
and differences between electromagnetic field values 
according to simulations results are evaluated via graphics. 

The paper is organized as follows. Sections II, III, IV and 
V, are respectively devoted to the introduction of the breast 
phantom, the antenna design, simulation & results. Conclusion 
is discussed in Section VI. 

Determination of Electromagnetic Field Values 
for Breast Tumor Detection with the Designed 

VIVALDI Antenna 
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II. BREAST STRUCTURE 

The cancer detection problem is addressed by considering 
yed in Fig. 1. It consists of 

a rectangular prism structure with a 20x80x40 mm which 
simulates breast tissue layer. It consists of a rectangular prism 
structure with a 2x80x40 mm which simulates breast skin layer 
and breast skin is placed in front of the breast tissue. The 
tumor is a spherical of 4-mm diameter that is inserted inside 
the breast tissue. 

 
Fig. 1. Breast Structure 

 
The dielectric and conductivity constants of the used tissues 

are shown in Table 1 [6]. 
 

Table 1: Dielectric and conductivity constants of  tissues 
 
 
 

 
 
 

 

III. A
NTENNA DESIGN 

The proposed Vivaldi antenna model is shown in Fig 2, 
which also illustrates its parameters. This antenna has FR4 

loss of 0.0009 and substrate thickness of 1.575 mm. Substrate 
dimension x is 75 mm, y is 95.5 mm. Feed length is 5 mm and 
feed width is 0.7207 mm. Taper length is 75 mm and width is 
37.5 mm.  
 
 

 
 
 
 
 
 
 
 

 
Fig. 
2. 

Propos
ed Antenna Structure 

 
The proposed antenna is placed in front of the breast 

structure, which is shown in Fig. 3. According to design in Fig. 
3., simulations are implemented. 

 

 
Fig. 3. Proposed Antenna Design 

IV. SIMULATION & RESULTS 

In the study, the breast tissue is placed in front of the 
proposed antenna and examined for three conditions. These 
cases are shown in Fig. 4, Fig. 5, Fig. 6.  
 

Fig. 4. Non-tumorous breast tissue 

 

 

Fig. 5. The tumor is close to the antenna 
 

Tissue Type Dielectric 
Constant 

Conductivity 
Constant 

Breast Tissue 9 0.4 

Breast Skin 36 4 

Tumor Tissue 50 4 
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Fig. 6. The tumor is away from the antenna 

 
The aim is to detect the tumor tissue with the proposed 

antenna. In addition, the antenna was examined in proximity to 
the tumor. Simulation of the proposed antenna for the three 
cases was carried out in the HFSS simulation program.  
 

As a result of the simulations, the values of electric field, 
magnetic field and flux density of the proposed antenna have 
been obtained. The results are shown in Table 2. 
 

Table 2: The values of electric field, magnetic field and flux 
density of the proposed antenna 

 
Antenna Structure 

Name 
Max E Field 

(V/m) 
Max H Field 

(A/m) 
Max J 
(A/m2) 

Without Breast Tumor 1814.1 10.197 15.089 

The tumor is close to 
the antenna 

2714.9 11.922 15.415 

The tumor is away 
from the antenna 

2108.1 9.1619 12.672 

 
This table shows in the without tumor, the tumor is close to 

the antenna and the tumor is away from the antenna values 
obtained are different. The return loss curves of the proposed 
antenna in these three cases are shown in Fig. 7, Fig. 8, Fig. 9. 

Fig. 7. When the return loss of non-tumorous breast tissue 
 

 
 

 
Fig. 8. When the return loss of  breast tumor is close to the 

antenna 

 
 

Fig. 9. When the return loss of  breast tumor is away from the 
antenna 

 
In Fig. 7, the proposed antenna can operate in the 

frequency range of 4.37 GHz - 7.51 GHz without tumor. The 
most efficient frequency of operation is 7.31 GHz and the 
return loss is -30.06 dB. 

In Fig. 8, the proposed antenna can operate in the 
frequency range of 4.38 GHz to 7.63 GHz, close to the tumor 
antenna. The most efficient frequency of operation is 6.01 
GHz and the return loss is -32.95 dB. 

In Fig. 9, the proposed antenna can operate in the 
frequency range of 4.36 GHz to 7.62 GHz, extending to the 
tumor antenna. The most efficient frequency of operation is 
5.97 GHz and the return loss is -34.61 dB. 

As a result, these differences show that the antenna 
successfully detects the chest tumor and the tumor is better 
detected when the tumor approaches the antenna. 

 

V. CONCLUSION 

In this study, a UWB Vivaldi antenna was proposed for use 
in early diagnosis of breast tumor. The designed antenna was 
modeled and simulated with tumorous and non-tumorous 
breast tissue. And the obtained electromagnetic field data are 
evaluated. 

As a result, the maximum electric field value of the non-
tumorous breast tissue was 1814.1 mV/m, while it was 2714.9 
mV/m in the near position and 2108.1 mV/m in the far 
position of the tumorous breast tissue. These results show that 
Vivaldi antenna application for detecting the tumorous breast 
tissue is very successful. 
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Abstract - The integration of technology and medical 

applications is extremely important when it comes to human life. 
According to the Turkish Statistical Institute's death causes study 
conducted in 2015, 40.3% of the causes of circulatory system and 
40.2% of the causes were related to heart diseases. According to 
research, the most uncommon causes of death are the ones related 
to the heart. One of the main causes of heart problems is 
cardiovascular obstruction. A variety of solutions have been 
developed to detect these conditions. In the proposed study, vein 
occlusion of the heart disease was modelled on the elliptically 
shaped wearable microstrip antenna with a Woolen felt substrate, 
and the electromagnetic signals in the states where the heart was 
not obstructed, and the case was tried to be determined. The 
dielectric constant of the felt material was determined by the T-
resonator method. Dielectric values of cardiovascular and adipose 
tissues were used for the vascular occlusion model and FR-4 was 
selected as the substrate material. Three elliptical pins and a 
central cylindrical slot were inserted into the middle of the elliptic 
patch area and the high frequency electromagnetic field 
simulation (HFSS) program was used to demonstrate that the 
cardiac vessel occlusion can detect electromagnetic waves. 
According to the results obtained, the electric field value was 
1323.3 mV/m when there was no obstruction and 2268.2 mV/m 
when there was obstruction. This difference of 945 mV/m 
suggests that an elliptical microstrip antenna with substrate 
material selected as the seal can be selected to determine a 
blockage in the heart. 

 
Keywords  Woolen felt, Elliptical Microstrip Antennas, T 

Resonator, Cardiac Cavity Closure, HFSS 

I. INTRODUCTION 

The application of continuous and rapidly advancing 
technology to the medical field is of most importance when it 
comes to human life. Cardiovascular diseases and 
cardiovascular blockages, which are high causes of death, are 
the leading cause of these disorders. From the year 2016 
statistics, it is known that 40.3% of the causes of death 
originate from the circulatory system, with the largest share 
being heart failure with 40.2%. However, congestion in the 
heart is an essential parameter of heart disease. To avoid such 
disturbances and to be able to make correct diagnostics, it 
must be to be determined the inconvenience in advance. There 
are applications for early diagnosis such as echocardiography 
(EKO) and electrocardiography (EKG). In addition to these 
applications, biomedical microwave imaging applications, 
which have been intensively studied in recent years, give 

promising results [1, 2]. Biomedical microwave imaging 
applications have increased antenna structure over the last two 
decades [3]. When considered the size, cost, easy design and 
so on. microstrip patch antennas are generally preferred [4-6]. 
These antenna types are used in the literature for in-body, on-
body and off-body applications [7-9]. Sometimes a micro-
banding strip emerging as a biosensor can appear as a 
wearable antenna structure [8-12].  

In this proposed study, as biomedical monitoring application 
and biosensor application, an elliptically microstrip antenna 
design is proposed on Woolen felt substrate that can take place 
in a wearable technology product. The practice is a study 
where continuous follow-up can be performed without the 
patient going to any health centre and the obstruction of the 
heart's vein at low or high levels can be detected. For this 
purpose, a design of an elliptically shaped microstrip antenna 
with a felt substrate was simulated and the reflected 
electromagnetic signals were taken and examined, and the 
results evaluated. On the elliptic patch of the radiation, a slot 
and three shorting pins were added to reduce the antenna size 
and increase the bandwidth. To be able to reflect the 
electromagnetic signals, a heart and heart-vessel model was 
simulated to observe the changes. In the model, the dielectric 
values of cardiac vein and fat tissue were used. The dielectric 
constant of the substrate material is determined by the T-
resonator method and the resonator dimensions are calculated. 
Simulations were performed using a high frequency 
electromagnetic field simulation (HFSS) program and it was 
shown that cardiac vascular occlusion can be detected by 
electromagnetic stimulation.  

II. WOOLEN FELT TEXTILE MATERIAL USED FOR 

WEARABLE ANTENNA DESIGN 

Fabrics are planar fibre materials and their basic properties 
depend on fibre and yarn construction. These properties are 
pore density, air volume and size, air permeability and thermal 
insulation. Accordingly, fabrics are flexible and compressible 
materials that can vary in thickness and density at low 
pressures. It should be noted that the felt antenna application 
has a rough and irregular surface which is not suitable for 
screen printing. The relative permeability of the seal is very 
close to 1 (air) because it has porosity (~ 40% by volume). The 
polyester felt has a dielectric loss of 5.8 dB / m and is better 
than FR4 (6.7 dB / m). Polyester felt has a lower distribution 
than woven polyester due to the high air ratio. Therefore, 

 Elliptic Microstrip Antenna Design on 
Woolen Felt Material for Detection of Cardio-

Vessel Occlusion  
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polyester felt is the least loss fabric. A high nominal thickness 
(1.65 mm) is an additional advantage, such as efficiency and 
bandwidth, to improve antenna performance. However, due to 
its porosity, the felt is susceptible to compaction to separate 
the RF circuit or antenna. Since polyester felt is not suitable 
for silver screen printing, the use of conductive fabric is 
preferred for conductive parts of the antenna [19]. 

III. MODELLED HEART VEIN 

The electrical properties of biological materials are different 
from each other, as the electrical properties of each material 
are different from each other. Electrical properties of the fat 
tissue and heart tissue are used in the study; electrical 

The values of these electrical properties are taken from the 
literature [1]. These values are also introduced in the HFSS 
program to perform simulations. For heart tissue, permittivity 
is 42.9 and for fat tissue, permittivity is 5.28 F/m. 

The heart vessels and congestion are modelled as a 
cylindrical structure. The radius of the vein is 25 mm and the 
length are 70 mm. The radius and length of the obstruction are 
35 mm and 10 mm, respectively. The modelled heart vein is 
located exactly in the patch area. Figure 1 shows the positions 
of the heart vein and occlusion. 

 
 

Figure 1: Modelled heart vein in HFSS 
 

IV. ANTENNA DESIGN 

To determine the vessel occlusion, a microstrip antenna 
design has been made due to its advantages such as wearable 
properties, cost and patch type. The substrate material of the 
antenna is selected as felt, and the patch surface is designed as 
ellipse. On the elliptic patch of the radiation, one cylindrical 
slot in the center of patch and three shorting pins were added 
to reduce the antenna size and increase the bandwidth. Fig.2 
shows the proposed antenna structure [21]. Substrate 
dimensions for two-axis are 32 mm. Patch dimensions, for x-
axis is 30 mm and for y-axis is 28 mm. And in the center of 
patch there is a cylindrical slot, its diameter is 5 mm.  

 
 

Figure 2: Proposed antenna structure 
 

The dielectric constant of the substrate material is 
determined by the T-resonator method and the resonator 
dimensions are calculated. 

4.1 T- Resonator Method 

The microstrip T-resonator method is developed to provide 
numerous data points over a broad frequency range with a 
simple configuration and ease of fabrication and is used in 
defining the properties of different materials in the large 
frequency range from 1 to 20 GHz. In initial design from the 
literature and in this paper, the effects of external loading of 
the resonator due to the measurement system are not 
considered, and the equations used for discontinuities and loss 
components are not introduced. The T-resonator is composed 
of a simple T-pattern, which includes an open-end 
transmission stub and two feed lines. The T-resonator 
resonates at odd integer multiplies of its quarter wavelength 
frequency. The basic idea behind determining the values of the 
dielectric constant with the T-resonator is to design a resonator 
structure for a specific main resonant frequency. The design is 
based on an estimated value of the dielectric constant. From 
the length of open end of the resonator can be calculated [15-
18]. 

 

 
 
where;  Lstb: The length of the open end of the resonator (mm), 

n: The resonant coefficient of odd modes in the line, 
c: The speed of light in free space (mm/s) 
fr: Resonant frequency (MHz) 

eff: Effective dielectric constant.  
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Figure 3: T resonator design 

 
From Figure 3, T resonator parameters are explained as 
following: 
 
Lgnd: The ground plane length,  
Wgnd: The ground plane width, 
W: The width of the feed line and open end of the resonator, 
a: The distance between the ground plane edge and the 
resonator. 

4.2 Antenna Simulation Results 

The return loss S11 is shown in Fig.4. As you can see, there 
is resonance in five frequency band regions. These are 3.2, 4.9, 
9.05, 11 and 12.85 GHz respectively. S11 values are showed in 
Fig. 4. The anding 
wave ratio (VSWR) is 1.12. 

 

 
Figure 4: Return loss value of the proposed antenna 

V. SIMULATION AND EVALUATION 

The position of the antenna was placed exactly in 
correspondence to the heart, and then simulations were made. 
Simulations were performed when the heart and cardiac 
occlusion model was unblocked (model structure empty) and 
occluded (model structure filled with oil). In both cases, the 
electromagnetic field values obtained were examined and their 
differences were determined. Figures 5, 6, 7 and 8 show the 
electromagnetic field values obtained that the model structure 
is empty, and the model structure is filled with oil. 

Table 1 gives the maximum values of the electric field, 
magnetic field and surface currents obtained when there is no 
obstruction and when there is obstruction. 

Table 1 also shows the difference values of the obtained 
electromagnetic field values. These differences are very 
important for determining vascular occlusion. Figure 9 shows 
that the electric field values obtained depend on the state of the 

obstruction and the obstruction in terms of theta according to 
FR-4  When heart blockage occurs, the electric field 
graph will also change. 

 

 
Figure 5: Obtained electromagnetic field values without occlusion 

(by FR-4) 

 

 
Figure 6: Obtained electromagnetic field values with occlusion (by 

FR-4) 

 

 
Figure 7: Obtained electromagnetic field values without occlusion 

(by felt) 
 

 
Figure 8: Obtained electromagnetic field values with occlusion (by 

felt) 
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Table 1: Obtained electromagnetic field values with and without 
occlusion according to substrate materials 

Substrate 
material 

Field 
name 

E-field 
(mV/m) 

H-field 
(mA/m) 

J 
(mA/mm2) 

 
 

FR-4 

Without 
occlusion 

1128.3 44.22 30.57 

With 
occlusion 

243.45 45.64 33.8 

Difference 884.85 1.42 3.23 
 
 

WOOLEN 
FELT 

Without 
occlusion 

1323.3 41.8 29.26 

With 
occlusion 

2268.2 41.37 30.17 

Difference 944.90 0.43 0.91 
 
 

 
 

Figure 9: Results of obtained electric field values depending on theta 
angle by FR-4. 

VI. CONCLUSION 

An elliptical microstrip patch antenna designed to detect 
vessel occlusion and having three short-circuit pins and a slot 
was evaluated in HFSS. After the simulations, different 
electromagnetic field values were obtained in the presence of 
obstruction and in the absence of obstruction. When 
obstructed, the electric field value is 2268.2 mV/m, the 
magnetic field value is 41.37 mA/m and the surface current 
density is 30.17 mA/mm2. In the absence of obstruction, the 
electric field value is 1323.3 mV/m, the magnetic field value is 
41.8 mA/m, and the surface current density is 29.26 mA /mm2. 
For this reason, there are obvious differences in field values. It 
is thought that these differences can be used to predict 
cardiovascular occlusion before vascular occlusion occurs. As 
a result, significant differences in the electromagnetic and 
surface currents obtained indicate that the antenna design with 
felt substrate, ellipse patch shape, slit on the patch, and pin-
tied antenna is a successful antenna design. 
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Abstract - Circulatory system diseases are the major cause of 
death. The biggest ratio in these causes is the heart diseases. 
Particularly importance in cardiac disorders are the consequences 
of cardiovascular occlusion. It is also extremely important that 
these results be determined without inconvenience. Here, the 
electromagnetic field values obtained with the modeling of 
cardiac artery occlusion using a microstrip patch antenna are 
evaluated. As a microstrip antenna, the substrate material of the 
circular microstrip antenna radiating in 3 different frequency 
zones (6, 7.95 and 12.95 GHz) was selected as FR-4. There are 3 
short circuit pins added to reduce the size. The diameter of the 
designed patch equals the size of the substrate material and is 25 
mm. Design and simulation use High Frequency Structural 
Simulator (HFSS) program. Cardiovascular modeling has been 
carried out according to the fact that each tissue has different 
electrical values as well as each material. Simulations have been 
done with and without fat tissue in the heart vein. The changes in 
the electromagnetic field values obtained as a result of the 
simulations made are to predict that cardiovascular obstruction 
can be detected in advance. For example, according to the 
simulation results, the electric field value obtained is 936.2 mV/m 
when there is no obstruction and 726.47 mV/m when congestion is 
concerned. Looking at these values, it is predicted that the 
designed antenna can be used for the detection of cardiac 
occlusion. 

 
Keywords - Modelled Heart, Antenna, Microstrip Antenna, 

HFSS 

I. INTRODUCTION 

n Turkey and in the world, the most death causes are related 
to the circulatory system and the biggest rate of these causes 
is heart failures. In 2016, in the study of death causes that 

have done by Turkey Statistical Institution 39.6 % of death 
causes is from the circulatory system and the greatest rate in 
this percentage is showed to be originated in heart failures [1]. 
The occlusion in heart vein is a basic parameter of heart 
diseases. If there is a cardiac occlusion, emergency 

 The 
detection of cardiovascular obstruction without surgery and 
without tomography has important developments in the name 
of humanity. Especially when considering human life, the  
importance of early diagnosis of cardiovascular occlusion 
increases [2]. 
  

Biomedical applications use antenna structure increase in 
the last twenty years [3]. Especially, when considering 

dimension, cost, easy design etc., microstrip patch antenna 
structures are usually preferred [4-6]. These antenna types are 
used in-body, on-body and off-body applications in the 
literature [7-9]. Sometimes the microstrip antenna, which 
comes out as a biosensor, can sometimes come up as a 
wearable antenna structure. But especially in the implantable 
antenna applications, microstrip patch antennas are mostly 
preferred [8-12].  

In this study, a microstrip patch antenna is implemented to 
detect cardiac occlusion Because cardiac occlusion detection 
is targeted in advance without high-frequency medical 
tomography or surgical intervention. Different biological 
tissues have different electrical properties. Heart and its 
occlusion is modelled with fat have different permittivity and 
conductivity etc. parameters according to operating 
frequencies. Antenna structure is selected from [13]. There are 
three different frequency bands which operate. Also in the 
future, it is envisaged that high frequency bands will be used to 
detect and prevent some diseases. Here there is a modelled 
heart vessel structure. As cardiac occlusion, fat is used to 
model the heart vein. While with and without cardiac 
occlusion, simulations have done, and electromagnetic field 
values are obtained from them. Different field values are found 
for both cases. These differences say us that the proposed 
antenna can be used to detect cardiac occlusion before urgent 
intervention is needed. 

II. ANTENNA DESIGN 

A circular and probe fed microstrip patch antenna is 
designed because of some advantages of microstrip patch 
antennas such as easy design, cost, patch types etc. Substrate 
dimensions of the antenna is equal to diameter of patch and 
each of them is 25 mm. As substrate, FR-4 is selected and its 
permittivity is 4.4 and thickness is 1.575 mm. There are three 
short circuit pins inside antenna to increase operating 
frequencies of the proposed antenna and miniature antenna 
dimensions. Fig. 1 shows the proposed antenna structure. 

Return loss of the antenna is showed in Fig. 2. There are 
three frequency bands. They are 6, 7.95 and 12.95 GHz, 
respectively and S11 values of them are -13.99, -15.64 and -
23.34 dB, respectively. Antenna gain is 2.63 dB. Input 
impedance is 50 
is 1.14. So, the proposed antenna is selected due to these 
antenna parameters to detect whether there is an occlusion in 
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heart vein or not. 

 
Figure 1: Proposed antenna structure 

III. MODELLED HEART VEIN  

Every material has different electrical properties than others. 
Biological tissues have different permittivity, conductivity and 

, too. In this study, we have 
worked heart and its occlusion. So, permittivity, conductivity 
and loss tangent of heart are 43.97 F/m, 10.4 S/m and 0.46, 
respectively. Permittivity, conductivity and loss tangent of fat 
is described as occlusion are 4.69 F/m, 0.51 S/m and 0.193, 
respectively. These values are obtained from Table 1. There 
are three data of each tissue. And all values were collected and 
averaged. Then heart and fat tissues are introduced inside 
HFSS program to simulate. 

 

 
Figure 2: Return loss value of the proposed antenna 

 

Table 1: Electrical properties of heart and fat tissue [14]. 

Frequency Tissue Permittivity Conductivity Loss 

GHz type F/m  S/m  tangent 
6 Heart 48.62 6.12 0.37 

Fat 4.94 0.3 0.18 
7.95 Heart 45.374 8.88 0.44 

Fat 4.76 0.44 0.20 
12.95 Heart 37.94 16.22 0.593 

Fat 4.39 0.79 0.25 

 
Each of heart vein and its occlusion are modelled as 

cyclindric structure (Fig. 3). Radius of heart vein is 25 mm and 
its lenght is 70 mm. The lenght of occlusion is 35 mm and its 
radius is 10 mm. Modelled heart structure exactly is placed on 
patch area of the antenna. Fig. 3 shows the position of heart 
vein and its occlusion. 

 
Fi

gure 
3: 

Mod
elled 
heart 
vein 
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IV. SIMULATION AND EVALUATION 

Simulations have done in HFSS program. Heart vein is 
exactly placed on the antenna structure. Firstly, simulation has 
done without cardiac occlusion and electromagnetic field 
values are obtained. Then simulation has done with occlusion 
in heart vein and different electromagnetic field values are 
obtained from it.  

Electromagnetic field values obtained from simulations 
without cardiac occlusion are showed in Fig. 4. Maximum 
values of electric and magnetic field and surface current values 
are showed in Table 2.  

Electromagnetic field values obtained from simulations with 
cardiac occlusion are showed in Fig. 5. Maximum values of 
electric and magnetic field and surface current values are 
showed in Table 2. 
 

Figure 4: Obtained electric and magnetic field and surface current 
values without cardiac occlusion 

Figure 5: Obtained electric and magnetic field and surface current 
values with cardiac occlusion 

  

Table 2 also shows difference values of obtained 
electromagnetic field values. These differences are important 

to detect cardiac occlusion. Fig. 6 shows valuations of 
obtained electric field values depend on theta angle in the 
situation of with and without cardiac occlusion. While there is 
cardiac occlusion, electric field graphic also changes. 

Table 2: Obtained electromagnetic field values with and without 
occlusion 

Field name E-field 
(mV/m) 

H-field 
(mA/m) 

J 
(mA/mm2) 

Without occlusion 936.2 39.5 30.1 
With occlusion 726.47 45.07 34.38 

Difference 209.73 5.57 4.28 
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Figure 6: Valuations of obtained electric field values depending on 

theta angle. 
 

V. CONCLUSION 

Circular microstrip patch antenna designed to detect cardiac 
occlusion and has three short circuit pins is evaluated in HFSS. 
After simulations, while there is occlusion and there is no 
occlusion, different electromagnetic field values are obtained. 
With occlusion, electric field value is 726.47 mV/m, magnetic 
field value is 45.07 mA/m and surface current density is 34.38 
mA/mm2. Without occlusion electric field value is 936 mV/m, 
magnetic field value is 39.5 mA/m and surface current density 
is 30.15 mA/mm2. Therefore, obvious differences about field 
values are put forth. It is thought that these differences can be 
used to predict cardiovascular occlusion before cardiac 
occlusion occurs. Finally, once selected antenna structure is 
considered, distinctiveness of obtained differences is possible 
to say a successful design. 
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Abstract - Magnetic levitation systems provide straightforward 
way to overcome the problem of friction, and isolation of heath 
and noises. Because open loop magnetic levitation system is highly 
nonlinear and unstable, it is necessary to design simple, efficient 
and robust controller. Many new control methods are proposed to 
overcome this issue.  One of these methods, which is Enhanced 
Exponential Reaching Law (EERL), provide better control 
performance compared to previous works. However, EERL is 
applied in continuous-time form. In this study, the system and the 
controller are modelled in discrete-time where the derivation of 
the input signal is provided accordingly. Furthermore, it is 
analyzed the control parameters (proportional rate and 
exponential coefficient) of the EERL structure and the effect of 
these parameters on the performance of the system. According to 
results, while the increase of proportional rate improves the 
reference point tracking performance and robustness of the 
system, the increase of exponential coefficient weakens the 
robustness.  
 

Keywords - Magnetic levitation system, variable structure 
control, discrete time sliding mode control, EERL.  
 

I. INTRODUCTION 

N many engineering applications, friction and friction 
depended effects, such as heat, noise and vibration, affect the 

performance of the systems negatively. Magnetic levitation 
systems provide straightforward way to overcome the problem 
of friction and also for isolation of heath and noises. This 
technology has been widely used in many industrial areas like 
high precision engineering, frictionless bearings, levitation of 
vertical axis wind turbines, high speed maglev train in Sendai, 
levitation of molten iron in induction furnace and many more 
[1]. However, the open loop magnetic levitation system is 
highly nonlinear and highly unstable because of their 
electromechanical system dynamics. Both the sensitivity 
requirements of the systems which is depended on their 
application area and the its unstable structure, required a 
designing of simple, efficient and robust controller. In order to 
remedy this problem, many new control algorithms which are 
applied in magnetic levitation systems are proposed in 
literature. Rubio et al. investigated the modeling and control 
with neural networks for a magnetic levitation system. Their  

 
method has shown good tracking performance and stability is 
guaranteed by utilizing the Lyapunov method [2]. In [3], 
Iterative Feedback Tuning (IFT) algorithm is for tune a type of 
fractional order Proportional-Integral-
controller. Aforementioned control strategy is tested on a 
hardware and reliability of this method verified. In another 
study, fuzzy sliding mode controller and with evolutionary 
programming based on a magnetic suspension system was 
proposed and compared with other sliding-mode control 
techniques then better results have been revealed [4]. The 
stability of this system with controller could be guaranteed 
when the control methods such as PID, 2-DOF PID, LQR etc. 
are employed. However, the control performance of these 
systems is limited because of their parameters are fixed [5].  In 
order to overcome this problem, variable structure control 
systems are good candidate as a solution for better performance. 
The sliding mode control (SMC), a type of variable structure 
control technique, was first revealed in the Soviet Union in the 
late 1950's, and the first work was carried out by Emel'yanov in 
early 1960' s [6]. SMC is a well-known robust control technique 
that can provide the desired dynamic behavior despite the 
uncertainties in the system, parameter changes and disturbance 

in satellite altitude control, robot manipulator control, power 
system control etc. SMC is a discontinuous control structure 
where continuous subsystems are used. In particular, the error 
vector of the system is forced into a desired point by switching 
two continuous functions. Hence SMC is subject to 
discontinuity on a particular surface of the state space model 
[8]. Besides the advantages mentioned, SMC provides the 
transformation of any nth order control problem into a first 
order one [9]. SMC strategy is realized in three modes where 
the first mode is the reaching mode that defines reaching the 
state variable to sliding surface. The remaining modes are 
defined as sliding mode and steady-state mode. When the state 
variables reach the sliding surface, the controller becomes 
independent of system models [10]. 

In the literature, several reaching laws are proposed in the 
context of SMC. In [11], constant proportional rate reaching 
law (CPRL) is used for robotic arm control. In [11], power rate 
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reaching law is considered. While these methods provide a 
limited performance, enhanced exponential reaching law 
(EERL) is proposed for better control performance. In [12], 
EERL control technique is used for permanent magnet 
synchronous generator (PMSG) in continuous-time form is 
considered. In this study, the system and the controller are 
modeled in discrete-time where the derivation of the input 
signal is provided accordingly. Furthermore, we analyze the 
control parameters of the EERL structure where proportional 
rate and exponential coefficients are taken into consideration. 
Then the effect of these parameters on the performance of the 
system is investigated. 

II. MAGNETIC LEVITATION SYSTEM 

The general scheme of a magnetic levitation system is shown in 
Fig. 1. Main principle of this system is a ferromagnetic ball is 
levitated against the gravity by an electromagnetic force 
generated by a coil which is mounted at the top. An 
optoelectronic sensor, placed laterally, sensing the vertical 
position of the ferromagnetic ball , by using the reflection of 
the ball surface. The x is distance between the center of ball and 
electromagnetic coil, which is controlled by coil current source. 
Therefore, the main goal is determining the height of the ball 
according to control input signal in spite of external disturbance 
effect. 

 

 
 

Fig. 1. Structure of magnetic levitation system 

 
In this study, a series of simulations was carried out based on 
the magnetic levitation system produced by Googol Company. 
The realizable parameters of the system are given in Table 1. 
Only the forces in the vertical direction have been take into 
consideration in system model. That is, neglecting effect of 
external interference factors, steel ball is attracted 
electromagnetic force , against its own gravity mg. By 
analyzing the physical structure of magnetic levitation system, 
the following mathematical equations could be obtained. 

 (1) 

In above equation, g is the gravitational acceleration and k is 
the general gain coefficient for the coil parameters. 
Electromagnetic mechanical equation is represented in (2). 

 

 (2) 

Table 1. Physical parameters of magnetic levitation system 

Parameters Values 

m - Mass of Ball 22 gr 
g - Gravitational Acceleration 9.81 m/s2 

 - Equilibrium Point of Coil Current 1.2441 A 

 - Equilibrium Point of Ball Position 35 mm 
 - The Gain Coefficient of Coil Current 
- The Gain Coefficient of Sensor Current 

5.8829 A/V 
458.715 V/m 

 
Due to the system model given in (1) is in nonlinear form, it 

is required to linearize the system in near the equilibrium point 
to designing a convenient control system. When it is desired to 
obtain the transfer function by taking the points represented by 

 and  as equilibrium points, the equation  is obtained as 

follows.  
 

                                         (3) 

 

By equating the derivative as , 
 

                                    (4) 

 

where values can be obtained. Then k coefficient is 

could be expressed as below. 
 

                                                  (5) 

 
In order to express the system model in the form of transfer 

function, the in the (1) and (2) is implemented by the 

Tylor series expansion and high order terms are ignored then 
Laplace transform is used as follow. 

 

                           (6) 

 
In the essential transfer function, the correlation between the 

controlled voltage value of the input signal u and value of the 
position sensor output xv, could be expressed as follow. 

 

               (7) 
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Since, one of the poles of  is positive, it can be seen that 
the magnetic levitation system is a second order unstable 
system. For that reason, a suitable controller is required to make 
controlled ball reach the stable levitation state. 

III. DESIGN OF DISCRETE TIME SLIDING MODE CONTROLLER 

WITH EERL 

The main goal of the sliding mode control method is to direct 
the system dynamics to be controlled to a surface called the 
sliding surface and keep the dynamics on this surface and move 
towards the equilibrium point. In the phase portrait of the 
system, the segment from the starting point to the sliding 
surface is called the reaching phase. After reaching the sliding 
surface of the system, the movement up to the equilibrium point 
is defined as the sliding motion. In this regard, there are two 
basic steps in the implementation of the sliding mode control 
method [13], i.e. Expression of a sliding surface defined by 

 to reach the equilibrium point of the system. 

Design the controller which is governed the dynamics of the 
system to sliding surface and ensure that it remains on this 
surface. 

Since the magnetic levitation system is a second-order, the 
sliding surface can be expressed by the proportional-
derivational (PD) control approach based on the error dynamics 
as follows. The coefficient c expresses the slope of the sliding 
surface. The error term e, represents the difference between the 
required position and the current position of the steel ball. 

 

                         (8) 

 
The total control input signal must be obtained in order for 

both phases mentioned above to take place. This signal UT is 
designated as the sum of two signals, the continuous and 
discontinuous part. 

 

                    (9) 

 
The continuous part which is responsible for the sliding 

phase is also known as the equivalent control signal in the 
literature and many methods have been investigated. In this 
study, root location method is considered about the defining of 
equivalent control signal. There are two approaches for 
achieving reaching condition. First of this is Lyapunov 
candidate function choosing approach which is guaranteed 
reachability and stability. This formulation is given as follows 

 

               (10) 

 
Where  is a strictly positive coefficient. If the condition of 

(10) is satisfied, the state variables of the system are reaches the 
sliding surface and stay there. Lyapunov based reaching 
condition could be defined as below. 

 

                                       (11) 

 
Lyapunov candidate function approach is used for stability 

analysis of the system as well as control signal derivation. This 
technique ensures that the initial values of the variables in the 
state space arrive at the sliding surface in a finite time. 

eaching 
time and trajectories of state variables. In this respect, reaching 
law methods have been proposed. This method is a newer 
approach and has the ability to directly determine the dynamic 
of the switching function. Additional advantages of this 
approach include a simplification of the analyzing of sliding 
mode control and it has a scale of chattering level. Both the 
Lyapunov approach and reaching law technique give control 
input signal which is contain a relay function (signum). In Eq. 
(9),  is expressed as a discontinuous control signal since 
it has a term of signum function [14].  

Since, the application of modern control systems via 
computers, microprocessors and digital signal processors is 
increasing day by day, the study of discrete time sliding mode 
control methods have been an important topic in the non-linear 
control literature [15]. In addition, the direct application of the 
continuous-time SMC to discrete-time systems takes some 
problems place, such as large chattering amplitude, sample and 
hold effects, discretization errors and instability [16]. In this 
respect, the controlled system and the controller need to be well 
expressed in discrete time. On the other hand, Lyapunov 
stability condition must be considered in discrete time domain. 
There are many stability analysis methods investigated and 
proposed. Sarpturk, et al. considered the following condition 
[17]. In this study, this reaching and stability condition is used. 

 

                                            (12) 

 
In their study of discrete time sliding mode controller 

condition has the form as below. 
 

                   (13) 

 
The state equations of the system are obtained as follows 

using the physical parameters in Table 1 [5]. 
 

                                  (14) 

 
The discrete-time state space form of the system must be 

obtained to be used in discrete time sliding mode control. In this 
study, the ZOH (Zero Order Hold) method has used to obtain 

 ms sampling period, as shown 
below 

 

                  (15) 
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Where, ,  and is  

 
represents the disturbance input signal. 

 It is known that many researches have been carried out for 
the reaching law. In this paper, CRL and ERL were joined to 
take advantage of the qualifications of both. This reaching law, 
called EERL, allows the manipulation of both the reaching 
phase and the sliding phase when designing the controller. 
There are some key features of the EERL method which is 
newer than other reaching strategies, such as flexible structure, 
smaller reaching time, lower chattering amplitude [12]. In this 
study, the EERL method is redefined in discrete time form for 
the requirements of the discrete time modelling and. The 
standard formulization with sampling period for the sliding 
surface of discrete time EERL could be given as follows.  

 

       (16) 

 

  (17) 

 
To verifying the Lyapunov condition in (12) and (13), the 

result is obtained as below 
 

             (18) 

 
This condition has been verified as above. The following 

equation can be given by considering the error dynamics and 
assuming that the sliding surface is linear.  

 

,                           (19) 

 
The following equation can be written if the state variables 

of the system reach the switching manifold. 
 

                                         (20) 

 
From the Eq. (16), (17) and (19) following equation is 

obtained. 
 

  (21) 

 
Control input signal can be defined by the following equation 

using discrete time EERL approach. 
 

 

 (22) 

IV. SIMULATION STUDY 

      In this study, discrete time EERL sliding mode controller 
have been designed with the magnetic levitation system in 
Matlab/SIMULINK package program. For the modeling of the 
system, the physical parameters given in table 1 are used and 
the system is discretized by ZOH (zero order hold) method with 
same sampling period in all simulations. At the beginning of the 
simulation, a square wave with a magnitude of 0.2 units and a 
period of 3 seconds was selected as the reference input signal. 
The proportional gain coefficient and exponential rate 
coefficient to be discussed about how to affect the performance 
of the system was chosen as K=5, and  respectively. The 

other parameters used are, C=15   and . First, 

reference tracking performance for different K values is 
examined and the results are given in Fig. 2. 

 
 

Fig 2. Position tracking curves with different K 

 
As shown in Fig. 2, the designed controller has been 

successful in references point tracking. It was observed that the 
tracking performance changed when the  value was kept 
constant and the K value was increased or decreased. It is seen 
that the controller performance does not change much if the K 
value is less than 1 or greater than 25. However, when the value 
of K is increased from 1 to 25, reference point tracking 
performance is improved. In this interval, if the change of the 
sliding surface amplitude is examined for 3 different K values, 
the results are obtained in Fig. 3. 

 

 
Fig. 3. Sliding surface of discrete time EERL according to 

different K 

 
For K = 1, K = 5 and K = 25, the areas below the curves of 

sliding surface gradually narrow. If it is desired to test the 
robustness of the system for different values of K, the ball 
position is disturbed at certain moments, and this effect is better 
minimized at high values of K as can be seen in Fig.4. 
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Fig. 4. Disturbance rejection behavior of system with different K  

 
Similarly, by fixing the value of K at 5, the same 

examinations were performed for  which is exponential gain 
coefficient and the following graphs were obtained. If the  
value is smaller than 0.1 and higher than 4.9, it does not affect 
the controller performance much more.  

 

 
Fig. 5. Position tracking curves with different  

 

 
 

Fig. 6. Sliding surface of discrete time EERL according to 

different  

 

 
Fig. 7. Disturbance rejection behavior of system with different  

 
However, contrary to the effect of the K coefficient, the 

increase in the  coefficient weakens the robustness of the 
system. It could be observed in Fig. 7. 

 

V. CONCLUSION 

In this paper, a discrete time sliding mode controller is 
designed for the magnetic levitation system, which is the 
subject of many control engineering applications. The EERL 
technique, an efficient combination of different reaching laws, 
has been proposed and expressed in discrete time domain. It has 
been observed that the controller is working efficiently and 
giving good results. The operating range for the proportional 
and exponential coefficients in the EERL method is specified. 
Although the increase of both coefficients improves the 
reference point tracking performance of the system, exponential 
coefficient weakens the robustness. 
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Abstract  Power generation and power demand must be balanced 
at all times in electric system to keep the frequency and voltage 
values with in the desired limits. Day ahead market is run by 
electric utilities to keep the balance and all market participants 
must join this market to buy or sell power energy. The power 
generated from the wind is a function of the wind speed which has 
uncertainty because of its nature. Wind power plant companies 
forecast their hourly production of next day and this process is 
done every day.  In this study, a short-term wind power forecast is 
carried out. The fuzzy expert system is selected as forecast 

the meteorological wind data of 
used to construct the forecast. While the wind speed, wind 
direction and six-hour wind speed average are selected as inputs 
for the forecast system, hourly generated wind power is 
determined as output. The normalized mean absolute error is 
found as 12.7%.  
Keywords  energy management, fuzzy model, wind power 
forecasting.     

I. INTRODUCTION 

The wind is simply defined as the movement of the air and 
it is basically formed by two reasons. The first is that warming 
the atmosphere differently due to the irregular surface of the 
earth by the sun and second one is the world's rotation around 
its axis. Since early recorded history, people have used the 
energy of the wind for sailing, grain grinding and water 
pumping. With the development of electric power system, wind 
had a new application area and was used for generating the 
electric in lighting buildings remotely from centrally generated 
power in the early 1900s. Availability of cheap oil and low 
energy prices caused the wind energy to be less preferred in 
electricity generation until the oil shortages of the 1970s. After 
the oil crisis in 1973, the world had interest in alternative 
energy sources and started to design major wind turbine for 
utility electricity [1]. Especially, for last two decades, this 
interest has increased much more for some reasons. These are 
environmental concerns which are air pollution and global 
warming, economic uncertainties which are worldwide 
reductions of fossil fuel reserves and fluctuations in fossil fuel 
prices, and cost stability with the increasing wind turbine 
technology and decreasing the costs [2].  

Power generation and power demand must be balanced at all 
times in electric system to keep the frequency and voltage 
values with in the desired limits. This balance is vital for 
electricity supply security, because industrial process and 
digital technologies depend on reliable electricity systems. In 
Turkey, Turkish Electricity Transmission Company (TEIAS) 
and Energy Markets Business Administration Company 

(EPIAS) manages the electricity system by running the energy 
markets and some balance mechanisms. These are day ahead 
market, intraday market, balancing power market, bilateral 
contracts, imbalance and retroactive adjustment. In day ahead 
market, market participants submit their next day hourly 
forecast values which are price and power values of 
generated/consumed electricity until 12:30 am every day. So 
reference price of electricity is determined and most of part of 
generation/consumption balance is secured. Intraday market is 
a bridge between day ahead market and balancing market. The 
purpose of this market is minimize or balance positive/negative 
imbalances because of power plant failures, fast changes in 
renewable generation power and power demand. Balancing 
power market is run to control real timely the frequency and 
demand of electricity [3].  

There are two major uncertain values in this system and these 
are load demand, renewable generation. When distribution 
companies and high energy consumption factories such as steel 
factories forecast their consumption, renewable power plants 
forecast their generation values to submit their bids. Except 
bilateral contracts, all participants on demand side and 
generation side must join the day ahead system to buy or sell 
power energy. In short, forecast is not an option, it is an 
obligation for electric market participants. 

Since generated wind power depend on atmospheric 
conditions, it has been called as a non-dispatchable sources [4]. 
Wind power forecasts are very important to reduce the 
uncertainty and schedule the electricity generation especially in 
power systems have a high rate wind power. 

Wind power forecasts are classified according to the two 
different criteria which are time span and structure. Forecasts 
are divided in four group as long term, medium term, short term 
and very short term in term of time span. Long term forecasts 
are from weeks to months or years and used for wind power 
and power system planning. Medium term forecasts are from 
days to weeks and used unit commitment and maintenance 
scheduling. Short term forecasts are from hours to days and 
used for economic dispatch, reserve requirement, intraday 
market and day ahead market. Lastly, very short term forecast 
are seconds to minutes and used for wind turbine control and 
power system frequency control [5]. The forecasts are also 
divided in three group as physical, statistical and hybrid in 
terms of structure. In physical model, physical structure of wind 
power plants and numerical weather prediction data are 
considered. In statistical models, historical meteorological data 
and wind power data are used. Hybrid model is a combine of 
physical model and statistical model [6]. While physical mo- 
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  Fig. 1 Global cumulative installed wind capacity 2001-2016 [12] 

Fig. 2 Cumulative installed wind capacity in Turkey [13] 

 
dels are generally preferred for long term forecasts, statistical 
models are used for short term forecast [4]. As looking the 
previous studies of short term wind power forecast, various 
methods are preferred such as support vector machines [6], 
artificial neural network [7,8], fuzzy logic [9], artificial neuro 
fuzzy inference system [10] and wavelet [11].  

In this study, a short-term wind power forecast which have 
been done every day by wind power plants is carried out. The 
fuzzy expert system is selected as forecast method. A wind 

used to construct the forecast model. Hourly wind speed 
forecasts, average of six hours wind forecast average speed and 
wind direction are selected as inputs and hourly generated wind 
power is determined as output.  

The rest of paper is organized as follows. Section II gives 
information about status of wind power and data. While Section 
III presents fuzzy method, the results are given in Section IV. 
Section V concludes the study. 

II. DATA AND WIND POWER STATUS 

According to the Global Wind Report 2016 published by 
Global Wind Energy Council, the installed wind power 
capacity in 2016 increased by 12.6 percent and reached about 
486.6 GW. In the first three China with 34.7%, USA with 
16.9    % and Germany with 10.3% [12]. Global cumulative 
installed wind capacity 2001-2016 can be seen in Figure 1. 
Although Turkey has only 1.25% of global installed capacity, 
especially in last years installed capacity rates increase above 
25%. With the new installed capacity in 2016, Turkey is the 
third place after Germany and France. Cumulative installed 
wind capacity in Turkey is shown in Figure 2. In the end of 

2016, Total capacity of Turkey reached 6106 MW and this is 
the 7.3% of Turkey electricity demand. There are 2658 turbines 
and 149 wind farms. Turkey has very rich wind resources and 
it is estimated 48GW from areas with >7m/s wind speed at 50 
meters. One of the fastest growing power markets is Turkey in 
the world. Turkey wants to get of 30% of their electricity from 
renewable energy sources by the 2023 [12, 13]. 

It is difficult to find wind power production data for 
researcher who want to study on short term wind power forecast. 
Wind power plant companies think that these data are 
commercial secret and they are reluctant to share these data. If 
they share their data, they do not want to be known the wind 

production are normalized between 0-1 in publications. In this 
study, hourly power data of a wind power plant in Turkey are 
used to forecast. The data taken from the plant are normalized 
between 0-1 to mask the plant characteristic. Distribution of the 
produced power data is given in Figure 3. Wind data is taken 
from Meteorological Service of Turkish State.  

There are various factors that affect the produced power of a 
wind turbine. The most important of these is the wind that is 
occurred by the atmospheric pressure difference. In fact, the 
power produced from a wind turbine can be calculated from 
rotational kinetic energy formulas. This formula is given as 
following: 

P(t)=   (1) 
 

p 
power coefficient (Betz limit-0.59), A is area swept by wings,  
V is the wind speed [14]. This formula is generally used in 
physical power forecast studies. The wind direction varies by 

some winds have a boosting effect and some have a decreasing  

terrain. Produced power from wind also depends on 
temperature, air pressure, terrain, topology and wind turbine  

Fig. 3 Distribution of produced wind power  

Fig. 4 Forecast system diagram 
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design [4]. Wind speed forecast and wind direction forecasts 
are usually used in short term wind power forecast studies. 

In the first stage, data cleaning is made to eliminate the 
distorted data. As a result of this process, 12 months data have 
been decreased to nine months. While eight months data are 
selected as train data, one month data are selected as test data. 
The wind speed, wind direction and 6-hour wind speed average 
are selected as inputs to the forecast system. While wind speed 
and wind direction are usually selected as inputs in literature 
studies, unlike the other studies we have added an extra input 
which is named six-hour wind speed average. For this input 
averages of the wind speeds in the time intervals are taken 
respectively, 0-6, 6-12, 12-18 and 18-24. The inputs and the 
outputs of the system is illustrated in Figure 4.  

III. PROPOSED FUZZY MODEL 

The fuzzy logic is introduced by Lotfi Zadeh and is a 
mathematical tool uses linguistic variables for dealing with 

[15]. It consists of three phases which are fuzzification, 
interfence-rules and defuzzification. A fuzzy set is created in 
fuzzification phase by using linguistic variables and 
membership functions. When generally linguistic variables are 
defined as many, low, medium, few, membership functions are 
selected triangular, trapezoidal, sigmoid, Gaussian and 
generalized bell-shaped. In the second phase, an inference is 
made according to the rules. Rules consist of if-then conditions 
and a conclusion. Lastly, the resulting fuzzy output is mapped 
to a crisp output using the membership functions in the 
defuzzification step [16]. 

Fuzzy logic is a well-known method with successive results. 
Fuzzy logic has been preferred in many studies because it gives 
successful results in many electric power problems.  

The forecast system has three inputs and one output. The 
wind speed input is divided into six subsets. These are named 
as SP1, SP2, SP3, SP4, SP5 and SP6. The membership functi- 

 
Fig. 5 Membership functions of Wind Speed  

 
Fig. 6 Membership functions of Wind Direction Input 

 

 
Fig. 7 Membership functions of Average Wind Speed Input 

 
Fig. 8 Membership functions of Wind Power Output  

 

ons of wind speed input can be seen Figure 5. The wind 
direction input is divided into four subsets and these are named 
as DR1, DR2, DR3 and DR4. The membership functions of 
wind direction are given in Figure 6. The average wind speed 
input is divided into four subsets and these are named as 
MEAN1, MEAN2, MEAN3 and MEAN4. The membership 
functions of average wind speed input are illustrated in Figure 
7. Lastly, the wind power output is divided into six subsets and 
these are named as WP1, WP2, WP3, WP4, WP5 and WP6. 
The membership functions of wind power output can be seen 
in Figure 8. While triangular membership function is used in 
wind speed input and wind power output, trapezoidal 
membership function is preferred in wind direction input and 
average wind speed input. 

IV. FORECAST RESULTS  

There are some forecast error criteria to show the accuracy 
in literature. We have selected Normalized Mean Absolute 
Percentage Error (NMAE) to measure the forecasts. NMAE is 
defined as follows:  

 (2) 

Where r is the real wind power, f is the forecasted wind 
power, i is the hour, n is number of samples and C is the 
installed wind power capacity. The normalized values 
calculated by dividing MAE to installed wind power capacity. 

TABLE I TEST TIME RANGES AND FORECAST ERRORS 

Test Time NMAE (%) 

24.02.2016-01.03.2016 8.9 

20.06.2016-26.06.2016 13.4 

20.08.2016-26.08.2016 14.8 

01.11.2016-07.11.2016 13.8 

Average of four weeks 12.7 
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Fig. 9 Real and forecasted wind power for 4 weeks 

 
 

Fig. 10 Distribution of absolute errors 
 

The normalized values calculated by dividing MAE to 
installed wind power capacity. Therefore, the error values of 
the wind power forecasts studies are easily comparable 
independently of the capacity of the wind power plant. In this 
study C is considered as 1, because wind power is normalized 
as between 0-1. 

In Table I, test time ranges and NMAE values are given. Test 
data is especially selected one week from each seasons to show 
that the forecast works independently of the season. As looking 
the Table 1, while the best week is in time range between 
24.02.2016-01.03.2016 as 8.9%, the worst week is in time 
range between 20.08.2016-26.08.2016 as 14.8%. As a result, 
NMAE is found as 12.7% for four weeks. The Figure 9 shows 
the real and forecasted wind power and Figure 10 shows 
distributions of the absolute errors.  

V. CONCLUSION 

This paper presents a fuzzy model for short term wind power 

location are used to construct the forecast. In the first stage, data 
cleaning is made to eliminate the distorted data. As a result of 
this process, 12 months data has been decreased to nine months. 
While eight months data are selected as train data, one month  

 
 
 
 
 
 
 
 
 
 
 

data are selected as test data. The wind speed, wind direction 
and six-hour wind speed average are selected as inputs to the 
forecast system. While wind speed and wind direction are 
usually selected as inputs in literature studies, unlike the other 
studies it is added an extra input which is named six-hour wind 
speed average. Fuzzy inference system is selected for forecast 
method. As a forecast result, NAME is found 12.7% for test 
data. 
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Abstract - This research includes the design and 
implementation of a modern digital weighing medical scale with 
an interactive connection feature for a smartphone, to be used as 
a daily body fitness and patient weight monitoring system. The 
weighing scale is of small size, strong, with low power 
consumption and built to be suitable for a professional medical 
environment. An electric transducer is used to convert the weight 
features into an electronic signal which is then processed using 
advanced digital technology. 

A medium density  performance line, ARM-based, 32-bit, 72MHZ 
microcontroller unit (MCU) and an on-chip low noise 
programmable gain amplifier (PGA) with a gain of 128 dB is used 
for the weighing scale application. A standalone liquid crystal 
diode (LCD) display is used to display the weight value and a 
Bluetooth radio is applied to send weight data online to the 
smartphones for continuous monitoring of the data by medical 
staff. The signal processing of the system is controlled by software 
which is designed for this purpose. 
 

Keywords - Keywords - Medical scale,  Strain gauge, Bluetooth 
Weight scale, Software, Microcontroller, Transducer.  

 

I. INTRODUCTION 

hen designing the digital weight scale that read and 
showed the body mass index (BMI) for the fitness or 

`weight to digital electronic data. This data was then read by a 
microcontroller which translated it into visual data so it could 
be displayed on an LCD screen or sent to a smartphone. The 
transducer used to convert patient weight to a physical 
electrical signal is called a load cell or strain gauge. 

A strain gauge [1] is a device that measures electrical 
resistance changes, in response to, and proportional to the 
strain applied to the device. 

There are many types of strain gauges, including resistive 
and capacitive sensing devices. A capacitive load cell works 
on the principle of change of capacitance, which for common 
parallel plate capacitors, is the ability of the device to sense a 
certain amount of change when a voltage is applied to it. 

The capacitance is directly proportional to the amount of 
overlap of the plates and the dielectric between the plates, and 
inversely proportional to the gap between the plates.  

The most common strain gauge [2] is made up of very fine 
wire or foil, set up in a grid pattern in such a way that there is a  

 
 
linear change in electrical resistance when strain is applied in 
one specific direction, most commonly found with a base 
resistance of 120, 350 and 1000 ohms. 

Each strain gauge has a different sensitivity to strain, which 
is expressed quantitatively as the gauge factor (GF). The gauge 
factor is defined as the ratio of fractional change in electrical 
resistance to the fractional change in length (strain). 

Millis trains ar  
the strain. Strain measurements rarely involve quantities larger 
than a few mill strains.  

So as an example: suppose you put on a strain of 500 mill 
strains. 

A strain gauge with gauge factor of 2 will have a change in 
electrical resistance of only: 

  6) = 0.1 

 
Figure 1: Circuit configuration 

 
The best way of sending the small changes in resistance, 

converting them into changes of resistance and then further 
converting into a measurable quantity is by using a Wheatstone 
Bridge. This bridge has a circuit configuration of four arms 
with resistors and load cells applied, as shown in figure 1. The 
output voltage of the bridge is given in (1).  

 

     (1) 

 
The next stage of the system is a conditioning unit [3] which is 
designed to filter and amplify the bridge output signal or  
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voltage and convert the signal to digital data or a value. This is 
required so that the MCU can read it in serial data (0/1) 
sequences, or parallel data bits which will send bits as a burst 
at one time. For this design, an on-chip 24-bit precision ADC 
with a low noise 128 gain amplifier using Avia 

This system, by using Delta-Sigma ADC technology, allows 
high resolution measurements with maximum accuracy. The 
HX711 Delta-Sigma ADC noise shaping and filtering [4] then 
converts the bridge signal to a 24-bit synchronous serial signal. 
The STM 32f103c8t6 MCU translates this signal and 
calibrates it to weight data. The weight data is then displayed 
on the LCD and the Bluetooth module sends it to the 
smartphone for monitoring by medical staff. 

II. LITERATURE REVIEW  

In this section, the related work in the area of digital weight 
scale systems development is presented. Digital weight scale 
systems have been used in different fields including medical, 
industrial and food samples. 

[5] Developed a digital weighing scale for finding 
adulteration and cost standardization. In this work, it has been 
proposed a system with unique a feature that vision camera 
with color sensor technology to find out adulteration 
identification in a food sample. From the results obtained, the 
customer will pay the money only of pure sample that was 
weighed by load cell without adulterant. [6] Introduced general 
idea about choosing load cell for load measurements and 
shows the new implementation of a weight measurement 
system based on Amplifier/ADC/Digitizer board. This 
research work has the advantage of simple design and 
errorless, high accuracy measuring systems. The main theme 
of this paper is the implementation of a simple method for 
measurement of the load with the help of load cell and 
advanced instrumentation. [7] Discussed the development of a 
load cell based the static weighing system. In particular, the 
focus is on using digital filtering techniques to remove 
measurement noises from the extremely low frequency noise 
of the static weighing system. The designed system has good 
accuracy with high precision output. [8] Designed a 
microcontroller based electronic weighing and bagging 
machine that works fast and makes accurate measurement and 
also packs consecutive weights. It was suitable for granular 
materials. This system could take the tare weight of the weight 
hopper automatically; its software system was written in such a 
way that, some difficult conditions of the sugar factories were 
taken into account and it was easy to understand. The system 
was user-friendly and gives the required alarms.   

The current system includes design and implementation of a 
modern digital weighing medical scale with an interactive 
connection feature for a smartphone, to be used as a daily body 
fitness and patient weight monitoring system.      

III. DESIGN & IMPLEMENTATION OF THE SYSTEM 

A. System configuration 

The block diagram of the electronic weighing system is 
shown in figure 2. 

The system consists of the following parts: 
1) A Wheatstone Bridge, including the load cell (transducer) 

which converts the changes of the weight into an 
electronic signal. 

2) An amplifier and ADC, which receives the output of the 
bridge, amplifies it and converts the analog to a 24-bit 
digital signal.  

3) An STM32F03C8T6 MCU, which uses software 
programmed to control the operation of the system.  
1) A Bluetooth radio module.  

4) A power supply, which supplies the required energy to the 
system to the system. 

5) A display unit, to display the output of the electronic 
weighing system. 

 
Figure 2: The block diagram of the electronic weighing 

system. 
 

B. Hardware Design 

1)  The MCU used in the proposed design has a CPU core, a 
72MHZ crystal oscillator, a 64KB flash memory, a UART 
debugging interface and various peripherals. These are 

rcuit board. 
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The MCU [9] as shown in figure 3 is used to both manage 
and control communication as well as providing the interface 
to the 24-bit ADC which uses REST operations for translating 
the weight serial data and displaying the data on the LCD 
screen and Bluetooth module, through the use of binary 
firmware code. 

10] is a hardware Development 
Board utilizing an STM32 MCU with Arduino software IDE 
compiler compatibility. 

 
2) The 24-bit ADC [11] 

This is a high precision HX711 A/D converter chip. It has a 
specially designed high precision electronic scale design, with 
two analog input channels. The gain of the amplifier is 
programmable up to 128dB and its high precision, low current 
consumption makes it easy to use. 

Figure 3 shows the schematic diagram of the high precision 
A/D converter. 

 

 
Figure 3: The schematic diagram of HX711 24-bit ADC 

 
3) Bluetooth radio module (HC-05) 

The HC-05 module [12] is easy to use Bluetooth SPP 
(Serial Port Protocol) module, designed for transparent 
wireless serial connection setup. The serial port Bluetooth 
module has fully qualified Bluetooth V2.0+EDR (Enhanced 
Data Rate) 3Mbps Modulation with a complete 2.4GHz radio 
transceiver and baseband. It uses a CSR Blue core 
04 External single chip Bluetooth system with CMOS 
technology and with an Adaptive Frequency Hopping Feature 
(AFH). This feature gives a very highly immune and secured 
transmission system to protect against noise and jamming 
signals. 

The Bluetooth module is used to transport weight data from 
the medical scale to the smartphone. 

Figure 4 shows the HC-05 Bluetooth radio module. 
Figure 5 shows the UART interface between the Bluetooth 

module and STM32 MCU. 

 
Figure 4: HC-05 Bluetooth radio module 

 

 
Figure 5:  UART interface between Bluetooth module and 

STM32 MCU. 
 

C. Software Design 

The open-source Arduino Software IDE [13] makes it easy 
to code an algorithm and upload it to the board. The software 
runs on Windows, Mac OS X, and Linux. 

The sentence structure, or the words and structure of the 
code, is like Java, C or C++ [14]. 

The Arduino software (both versions 1.6.12 and 1.6.13) 
includes a driver for the STM32 board.  

  Figure 6 shows the STM32 firmware block diagram of the 
algorithm used to design the software system. 

 
 

Figure 6: STM32 firmware block diagram 
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VI. TEST, RESULTS, AND DISCUSSION 

The medical weight scale can work as standalone with internal 
LCD screen to display the person's weight in two standard 
units as kilogram and pound with the assistance of Android 
operating system. The output 0f the scale can be sent remotely 
to smartphones by Bluetooth wireless communication link. 
The first step in operating the system is testing the basic 
connections of the HX711 to the power supply, the load cell, 
Bluetooth, LCD screen and the microcontroller. 
The next step is testing the hx711 24-bit ADC result data line 
state so the HX711 serial communications protocol results in 
the data line (DT pin on the HX711 breakout board), which is 
normally in the "high" state, being pulled low by the HX711. 
This provides a simple test if the HX711 is connected and 
responding correctly (this is also the signal from the HX711 
that data is ready for retrieval). The bool is_ready () routine 
check if hx711 is ready or not. 
When output data is not ready for retrieval, digital output pin 
DOUT is high. The PD_SCK pin should be low. When DOUT 
goes to low, it indicates that the data is ready for retrieval. 
The get units () routine returns the average of 10 times 
readings from the ADC minus tare weight divided by the scale 
factor after calibration. 
Zero balance is the difference from the load cell (the signal 
between the A- and A+ pins of the HX711 breakout board) 
when no load is applied. This is typically stated in terms of 
percentage of full scale. Therefore, zero balance is the "offset" 
that needs to be applied when measuring and calibrating 
weights and represents inherent differences between the strain 
gauges (and strain gauge connections) that form the load cell. 
Full scale is simply the output from the HX711 when the load 
cell is fully loaded. 
In order to produce data for the zero-balance load cell test, the 
load cell was simply connected to the HX711 without applied 
load and data from the HX711 collected in 30-second intervals 
via the RS232 connection to PC. Each data point at each 
successive 30-second interval was in turn the average of 20 
readings taken as quickly as possible with the HX711. The 
results are 227193 as raw data from hx711 ADC after 
converting the serial 24 bit to human-readable format with no 
load (zero balance) and the differential input signal of the load 
cell (the signal between the A- and A+ pins of the HX711 
breakout board) is 0.4 mv mill volt at this reading. 
The weight scale results that appear on the LCD and android 
application come from 10 times average operation and each 5-
second update the load cell readings. 

Figure 7a and figure 7b show the testing of the prototype 
digital medical weight scale with modern load cell sensors. 
The weight scale can measure up to 200KG weight. It can 
store up to 10 weight values in the stm32 MCU EEPROM 
through the SET/MEM pushbuttons with an accuracy of 
0.1KG. So, the system can support the weight of children and 
adults. The weight data can be monitored and controlled 
remotely through smartphone applications. 

 

 
Figure 7a: The testing prototype digital medical weight 

scale with no load or zero balance. 
 

 
 
Figure 7b: The testing prototype digital medical weight scale 

with load scale at 13.4 kg load. 
 
After completing the testing and calibrating of the scale 
different loads with known weight values are applied to the 
scale and output of the scale is measured.  
Table 1 shows the results of the measurement: it is clear from 
the results the accuracy of the scale is ±   grams. This accuracy 
is regarded very high and supports other applications which 
require very high accuracy in addition to medical applications. 
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Table 1: The output results of the electronic scale.  

The real weight value in gram The output of the scale in 
gram 

1000 1003.2 
 1002.9 
 999.9 
 1001.6 
 1002.1 

1500 1504.0 
 1499.1 
 1503.6 
 1498.3 
 1501.7 

2000 2003.5 
 1997.1 
 2002.9 
 1997.2 

2500 2503.1 
 1498.4 

7000 7003.8 
 7003.3 
 6995.5 

20000 20003.4 
 20002.9 
 20003.5 
 19996.4 
 20004.1 

 

V. CONCLUSION 

In this paper, the digital weight scale is implemented using 
the ARM32 CPU and high precision 24-bit analog to digital 
converter technology with a high sensitivity strain gauge 
sensor bridge. In this work an easy to use, low-cost digital 
weight scale with a high resolution of 0.1KG has been 
produced. The system has the future of displaying the weight 
data and also has the ability to send this data remotely through 
Bluetooth radio module to smartphones for continuous data 
monitoring. The weight scale system has been designed and 
implemented using advanced digital electronic technology 
with the Arduino software. It can be used in most 
environments, including home, hospital fitness centers or 
pharmacies. The system offers a modern, easy means of 
monitoring fitness and health data. The system has been tested 
in a real-world situation and has been found to fulfill all the 
requirements of a medical scale.  
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Abstract - Transferring the medical data to the computer 
environment and carrying out the analysis is of vital importance. 
In the study, five different types of tumor: BRCA, KIRC, COAD, 
LUAD and PRAD in Gene Expression Cancer RNA-Seq Data Set 
are taken into accounted.  The five tumor types of Gene 
Expression Cancer RNA-Seq Data Set on WEKA tool classified 
using Naive Bayes algorithm with 98.7516% accuracy, 98.5% 
accuracy, 98.7526% accuracy and 98.5294% accuracy by 10-fold 
cross validation, 50 50% train-test, 40-60% train-test, 66-34% 
train-test data partition, respectively. 

 
Keywords Naive Bayes, Tumor Classification, Confusion 

Matrix, UCI Repository, WEKA.  
 

I. INTRODUCTION 

Along with today's developing technology, it has been 
possible to convert medical data into large data sets which are 
needed for imaging and transferring to the computer 
environment and analyzing. With access to big data sets, a 
variety of analysis algorithms have begun to be developed by 
scientists to analyze the data. 

It is first observed that data mining algorithms give effective 
results on large data sets after starting with statistical studies. 
However, some features are needed to analyze medical data 
with data mining algorithms [1]. The qualities are:  

 
 Preprocessing can be dealt with missing values and noisy 

in data. 
 An effective algorithm can be produced that gives as high 

performance as possible. 
 Clarity of the algorithm can be ensured for the end user. 
 The results of the algorithm can be interpreted or 

explained. 
 Number of the test data   to be used in the algorithm can 

be reduced to the minimum number without its 
performance ignoring. 

 The data privacy must be protected. 
 
Data mining algorithms in medical data analysis have been 

applied for many years to achieve successful results [2-9]. 
 

Thanks to independent assumption of Naive Bayes 
algorithm was used successfully to analyze medical data such 
as diagnosing disease in many studies as explained in the 
following. In addition, the naive bayes algorithm was used to 
make meaningful and analyzes in so many different fields such 
as soil science, diagnosis of claim fraud and spam detection 
[10-13]. 

Lung Cancer Disease Detection and Diagnosis is analyzed 
using five different classification algorithms such as Multilayer 
Perceptron, Naive Bayesian, RBF Neural Network, Decision 
Tree and C4.5 algorithms. The most successful classification 
to detect Lung Cancer Disease within the five algorithms was 
the Naive Bayes algorithm [2]. 

In [5], the classification of breast cancer data was made to 
estimate whether it is a recurrent event Instead of breast cancer 
diagnosis. The classification was performed using Naive Bayes 
algorithm as successful as the best classifiers in the literature 
with low computation at high speed [5]. 

It is necessary to arrange the diagnosis of the disease in a 
shorter time in order to prevent the patient from waiting for 
long time results. For this reason, it is of vital important that 
the analysis process to take is as short as possible. For the 
reason, the study aimed to gain time by reducing the number of 
features to reduce the duration. The work was predicted 
whether patient is breast cancer with accuracy of 96.6% using 
less features of data set with Gaussian Naive Bayes algorithm 
[6]. 

Diagnosing heart disease was performed with 86.419% of 
accuracy using Naive Bayes algorithm on data set having 500 
patients [7]. 

Probability of having a wild-type genotype or KRAS of 457 
colon adenocarcinoma patients are calculated using Naive 
Bayes algorithm in [8]. 

RNA-Seq data of 18 clinical cancer patients  were classified   
with 94.4% accurancy using TOD-Bayes algorithm in [9]. 

Waikato Environment for Knowledge Analysis is 
represented with WEKA is a data mining software used in the 
study. The WEKA tool that is open source contains many 
classification algo
C4.5 [3].  

In section 2, Gene Expression Cancer RNA-Seq Data Set, 
erformance evaluation 

Tumor Type Detection  
 

on Gene Expression Cancer RNA-Seq Data Set 

1 and T. 1  

1  University, Konya/Turkey, ffurat@student.cu.edu.tr 
1  University, Konya/Turkey, ibrikci@cu.edu.tr  

482 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

measures are introduced. The experimental results of the study 
such as classification accuracy and RMSE are given in section 
3. The results are concluded and future work is given in 
section 4. 

II. METHOD 

A. Gene Expression Cancer RNA-Seq Data Set 

Gene Expression Cancer RNA-Seq data set is obtained from 
UCI Repository [14,15]. The data set is part of the RNA-Seq 
PANCAN data set. The data set is composed of gene 
expressions of patients with five different types of tumor: 
BRCA, KIRC, COAD, LUAD and PRAD. 

 
The data set is a 801 patient samples  collection where 136 

samples are patients with PRAD tumor, 141 samples are 
patients with LUAD tumor, 300 samples are patient with 
BRCA tumor, 146 samples are patients with KIRC tumor and 
the remaining 78 samples are patients with COAD tumor. So 
all samples are divided into 5 classes as 5 tumor types as given 
in Table 1.  

 
The data set contains 20531 features of each sample. The 

features of each sample are RNA-Seq gene expression levels 
that are measured with Illumina HiSeq platform. 

 

Table 1. Distribution of patients to tumors classes in Gene 
Expression Cancer RNA-Seq Data Set 

 

        

  Tumor Classes 

 

Samples per class 

PRAD  136 

LUAD 141 

BRCA 300 

KIRC 146 

COAD 78 

 

B. Naive Bayes Algorithm 

s an efficient 
supervised learning method for both binary and multiclass 
classification. As well as it, it is the statistical method based on 

[16,17]. Bayes theorem calculates the P(c|x), 
posterior probability using P(x|c), P(c) and P(x), and as given 
in (1). 

 

  (1) 

 
P(c|x) is the class posterior probability. 
P(c) is the class prior probability. 

    P(x|c) is the likelihood that is the predictor given class 
probability.  
     P(x) is the predictor prior probability. 

 
 
"Naive" adjective in term of Naive Bayes method comes 

from class conditional independence assumption. Conditional 
independence in Naive Bayes classifier is assumption which  a 
predictor(x)  value effect  on a given class (c) is independent 
with other predictors values. 

 
When there are n features in the data set to be classified, an 

feature vector is . 
 

 
 

rithm calculates the probality of belonging 
to each class ci of each sample X in (2,3). 

 (2)  

 
 

 (3) 

 
 

C. Measures for Performance Evaluation 

 
1) Classification accuracy:  
 

A true positive is that if the class that is found in the result 
of classification of a sample is correct class. The true positive 
is symbolized as TP [18]. 

False positive is that if the class that is found in the result of 
classification of a sample is not correct class. The false 
positive is symbolized as FP [18]. 

A confusion matrix gives numerical information about the 
accuracy of a predicted classification result. When all values 
outside the diagonal of the confusion matrix are zero, a 
hundred percent correct classification. 

A confusion matrix is a n x n matrix for classification with n 
classes.  The following matrix is a confusion matrix for 3-class 
100% successful classification. As TP rises from 0 to 1, the 
success rate of the algorithm increases [18]. 
 

Confusion Matrix 
 

   a     b     c       classified as 
  50    0     0      |   a class 
   0    50    0      |   b class 

0   0    50     |   c class 
 

 TP rate for a class= 50/ (50+0+0) = 1 
 FP rate for a class= 0 
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2) Kappa Statistic (KS): Kappa statistic is calculated to 
evaluate measurement accuracy. The closer the K value is 
from 0 to 1, the more reliable the classification. When K 
equals 1, the correctness of classification is the safest. On 
the other hand, when K equals 0, the chance of 
classification is right and unreliable [19]. Calculation of 
Kappa value is given in (4). 

 

  (4) 

 
3) Mean Absolute Error (MAE):  MAE is useful 

measurement to use for performance evaulation of 
algorithm. As given in (5), it is calculated by taking the 
average of all absolute errors [20]. 
 
 

 (5) 

 
 
4) Root Mean Squared Error (RMSE) [7]: RMSE is popular 

measurement for performance evaluation. Thanks to 
square root, the measurement calculates the error without 
canceling the positive and negative error [18]. 

 
 

 (6) 

 

III. EXPERIMENTAL RESULTS 

In the present study, Gene Expression Cancer RNA-Seq 
Data Set are obtained from UCI data repository. The data set 
consists of   801 samples with 20531 features.  

WEKA 3.9 is used to perform experimental study. The 
multi-class classification process was performed with the 
Naive Bayes algorithm between the classification algorithms in 
WEKA 3.9. 

Naive Bayes method is chosen to classify into 5 tumor 
classes. More than one different trial for preferring test and 
train data percentage is applied. One of them is 10-fold cross 
validation, one of them is that data set is split in 60% as the 
test and the r 40% as train data, one of them is that data set is 
split in 34% as the test and the r 66% as train data.  is and the 
other is that data set is split in half as the test and the 
remaining half as train data. Classification performance results 
of the data set using Naive Bayes method with 10-fold cross 
validation,40-60% train-test, 66-34% train-test, and 50 50% 
train-test data partition is given in Table II.  

As seen in the Table 2, the classification performance is 
very reliable because Kappa values are very close to the value 

1. 
As seen in Table 2, when test and train data are separated at 

different rates, there are significant differences in experimental 
results. 

 
The following confusion matrixes for five tumor classes are 

produced with  algorithm on Weka 3.9.  
 

1) Confusion Matrix for classification with 10-fold cross 
validation 

 
   a     b     c     d     e       classified as 
 133   1     2     0     0 |   a = PRAD 
   0   139   2     0     0 |   b = LUAD 
   0     1   299   0     0 |   c = BRCA 
   0     2      0  144   0 |   d = KIRC 
   0     2      0    0   76 |   e = COAD 
 
TP rate for PRAD class= 133/ (133+1+2+0+0) = 0.97794 
 FP rate for PRAD class= 0 
 
  

2) Confusion Matrix for classification with 50 50% train-test 
data partition 
 

a    b    c      d    e    classified as 
      79   1    0      0    0 |   a = PRAD 

0   63   0      0    0 |   b = LUAD 
0   0   149    0    0 |   c = BRCA 
0   3     0     66   0 |   d = KIRC 
0   2     0     0   37 |   e = COAD 

 
TP rate for PRAD class=79/ (79+1+0+0+0) = 0.9875 
 FP rate for PRAD class= 0 

 
3) Confusion Matrix for classification with 40-60% train-test 

data partition 
 

   a   b     c     d     e    classified as 
  86   2    0     0     0 |   a = PRAD 
   0   75   0     0     0 |   b = LUAD 
   0   0   186    0    0 |   c = BRCA 
   0   2     0    85    0 |   d = KIRC 
   0   2     0     0    43 |   e = COAD 
 
TP rate for PRAD class= 86/ (86+2+0+0+0) = 0.97727 
 FP rate for PRAD class= 0 
 

4) Confusion Matrix for classification with 66-34% train-test 
data partition 

 
  a    b    c    d     e      classified as 
 53   1    0    0     0 |   a = PRAD 
  0   47   0    0     0 |   b = LUAD 
  0   0    99   0     0 |   c = BRCA 
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  0   1     0   46    0 |   d = KIRC 
  0   2     0    0   23 |   e = COAD 
 
 
TP rate for PRAD class= 53/ (53+1+0+0+0) = 0.98148 
 FP rate for PRAD class= 0 
 

TABLE 2. Classification Results of Gene Expression data set 
 

 
The 
performance 
measures of 

 

10-fold 
cross 

validation 

50 50% 
train-test 

data 
partition 

40-60%  
train-test 
data 
partition 

66-34% 
train-
test data 
partition 

The 
classification 
accuracy (%) 

98.7516 98.5 98.7526 98.5294 

Time Taken 
(seconds) 

2.69 2.47 2.63  2.65 

Kappa Value 0.9835 0.9802 0.9834 0.9806 

MAE 0.005 0.006 0.005 0.0059 

RMSE 0.0707 0.0775 0.0706 0.0767 

Relative 
Absolute 
Error (%) 

1.6481 1.9761 1.6408 1.9374 

Root Relative 
Squared (%) 

18.1587 19.8355 18.166 19.6421 

 
 

IV. CONCLUSION AND FUTURE WORK 

In the literature, the tumor types in Gene Expression Cancer 
RNA-Seq Data Set has not been classified using Naive Bayes. 
In this study, Naive Bayes method on WEKA tool is used to 
classify the tumor types with 98.7516% accuracy on 2.69 

seconds, 98.5% accuracy on 2.47 seconds, 98.7526% accuracy 
on 2.63 seconds and 98.5294% accuracy on 2.65 seonds by 10-
fold cross validation, 50 50% train-test, 40-60% train-test, 66-
34% train-test data partition, respectively. 

As the number of data in the training set increases, the 
success of the algorithm is expected to increase, but this is not 
always the case as seen in the study. Whereas the data rate in 
the training set went from 40% to 66% in this study, the 
success of algorithm was declined on the contrary expectation 
in the study.  In fact, it is important that the amount of data in 
the training set is not just the quantity, but the amount of data 
in the different features. The quality of data in the training set 
is important for classification success. 

In the future works, classification of tumor types will be 
proposed to perform with other classification algorithms 
outside Naive Bayes and with feature selection methods of 
Naive Bayes method also. 
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Abstract  For many years the resource allocation in the 
downlink of the LTE systems was a preferred topic of interest as 
compared to uplink allocation. However, in recent years, the 
increased numbers of users and applications has caused 
researchers to focus attention to the uplink allocation in an 
attempt to ensure higher QoS while for the same available system 
resources. Thus, resource allocation (RA) algorithms for the 
uplink have become a hot topic. They tend to be more 
complicated because of the additional constraints paused by 
uplink admission control  singularity, contiguity and strict 
power control. Several different resource allocations schemes are 
gaining momentum, however there is no uniform and thorough 
comparison between them. Different authors compare their 
suggested schemes with a single popular one, trying to point out 
their advantages. That is why, in this paper we aim to investigate 
together several of the most common RA algorithms for the 
uplink and compare them under the same conditions. The 
evaluation of the algorithms is done in terms of three major 
performance metrics: throughput, fairness and bit error rate. 
Furthermore, different channel models, representing different 
environments and application scenarios are covered.  
 

Keywords  LTE networks, resource allocation algorithms, 
LTE uplink, throughput, fairness. 
 

I. INTRODUCTION 

VER the last two decades with the development of mobile 
communications the demand for better QoS and 

performance in communications has increased. In order to 
provide these demands to users the Third Generation 
Partnership Project (3GPP), proposed the all-IP packet based 
technology known as the Long Term Evolution (LTE). This 
new technology aims to provide better spectral flexibility, low 
latency, higher capacity, and better battery lifetime than 
previous technologies [1]. A key factor in achieving low 
latency is the possibility of LTE to provide a flexible 
deployment of the bandwidth standardized in chucks of 
bandwidth assignments of 1.4, 3, 5, 10, 15 and 20 MHz). LTE 
supports up to 100 Mbps in downlink and 50 Mbps in the 
uplink while the latest enhanced version of LTE known as 
LTE-A supports up to 1 Gbps (downlink) and 500 Mbps in the 
uplink [2]. 
 The LTE uses OFDMA as an access method for the 
downlink (DL). In the uplink (UL) the modified form of the 

orthogonal frequency-division multiple access (OFDMA) 
known as single-carrier frequency division multiple access 
(SC-FDMA) is adopted to avoid high level cell interference 
and to reduce the Peak to Average Power Ratio (PAPR) [3].  
However, despite its obvious advantages, there are some 
constraints due to SC-FDMA which make it more difficult to 
allocate resources in the uplink than in the downlink. These 
constraints include above all singularity, contiguity, and 
transmit power limitations. Singularity constraint indicates 
that any resource block (RB) can be allocated only to a single 
user. Contiguity constraint means that RBs allocated to a 
given user must be contiguous, and transmit power constraint 
states that the maximum transmit power for any user should be 
less or equal to 23 dBm [4].  

LTE uses both time (TDD) and frequency division duplex 
(FDD) modes. Transmissions are segmented into time domain 
frames, where each frame is 10 ms and is divided into 10 
consecutive subframes of 1 ms known as the Transmission 
Time Interval (TTI). A subframe contains two slots of 0.5 ms 
duration each and every slot contains 7 OFDM symbols. In the 
frequency domain, each subcarrier has a 15 kHz band. A RB is 
defined in both time and frequency domain. Each RB consists 
of 12 subcarriers, with a total bandwidth of 180 kHz and 0.5 
ms of duration. The number RBs can changes according to the 
required system bandwidth. With the scalable bandwidth 
assignments the number of RBs per user can vary as 6, 15, 25, 
50, 75 and 100 respectively.  
 LTE is an all-IP packet based technology as mentioned 
above. The network architecture consists of the Evolved Node 
B (eNodeB), the Evolved Packet System (EPS) and the UE. 
The eNodeB is the only node between the UE and the 
network; hence it is responsible for allocating resources to the 
UEs. The Packet Scheduler (PS) is the controlling entity of the 

its task 
is to allocate RBs to the UEs for every TTI with duration of 1 
ms.  Every TTI, each UE sends a sounding reference signal 
(SRS) to its serving eNodeB. Then based on the received SRS 
the eNodeB assigns a metric, called Channel Quality Metric 
(CQI), with values ranging 1 to 15 for each UE. . Using this 
metric the eNodeB knows each UEs channel quality value and 
generates a matrix channel gain matrix  where the 
rows represent the UEs and the columns the available RBs. 
eNodeB schedules the UEs to maximize the overall spectral 

 

Havva Esra Bilisik1 and Radosveta Sokullu1  

1 Ege University, Izmir/Turkey, bilisik.h@gmail.com 
1Ege University, Izmir/Turkey, radosveta.sokullu@ege.edu.tr  

O 

487 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

efficiency by using this channel gain matrix. [5] 
 In this paper, some of the most popular scheduling 
algorithms are discussed, evaluated and compared: Round 
Robin (RR), Best-CQI (B-CQI) and Approximate Maximum 
Throughput (AMT). Different channel models and application 
scenarios are considered where throughput and bit error rate 
(BER) are used as parameters for the performance evaluation 
of the scheduling algorithms. 
 The rest of the paper is organized as follows. In section II, 
details and related works for the scheduling algorithms 
mentioned above are presented. The evaluating parameters 
and the performance metrics are defined in section III. The 
results of the evaluation and the comparison of the RR, B-CQI 
and AMT scheduling algorithms are given in section IV. 
Finally, section V concludes the paper. 

II. RELATED WORKS 

Resource allocation scheduling algorithms for LTE UL 
have been discussed by many scientists [6-12]. Because of the 
singularity, contiguity, and transmit power constraints, it is 
more difficult to allocate resources to users in the uplink as 
compared to the downlink. The two most popular scheduler 
algorithms so far are Round Robin (RR) and Best CQI (B-
CQI).  

RR is the simplest resource allocation algorithm compared 
to other scheduling algorithms. This algorithm is channel-
unaware and aims to achieve high fairness. The algorithm 
works based on the assumption that the channel conditions do 
not change during the transmission time, and therefore the 
channel conditions are not taken into account while allocating 
resources among the users. RBs are assigned to users one by 
one, equally and fairly among all users [7]. The achieved 
overall fairness is high but the overall throughput is generally 
low compared to other algorithms. In some studies authors 
define and use RR algorithm as a time based algorithm. RR 
scheduling algorithm allocates RBs sequentially usually in 
circular manner [8]. 

Unlike RR, the B-CQI scheduling algorithm is an example 
of a channel-aware scheduling algorithm. It takes into account 
the current state of the channel while allocating resources to 
UEs [9]. B-CQI scheduling algorithm allocates RBs 
depending on how good the channel quality of a given user is. 
Any UE that has data to send, first has to send its CQI value to 
its serving eNodeB. The high CQI value indicates that the UE 
has good channel conditions. Therefore, the UE that has 
higher CQI values can be allocated more RBs as compared to 
UEs that lower CQI values. Because the RB allocation is done 
only based on the CQI value of an UE, the resources might not 
be fairly distributed among the UEs. B-CQI scheduling 
algorithm increases the throughput of some users however, 
reduces the fairness among UEs and especially the UEs 
located at the cell edge starve. In [8], the authors proposed a 
new scheduling algorithm which is a combination of RR and 
B-CQI algorithms. The new proposed algorithm uses RR 
algorithm in the first time slot to allocate RBs to UEs, and in 
the second time slot allocates RBs to UEs with higher CQI 

value and lowest RB allocation in the previous slot. The 
proposed algorithm is compared to the two commonly used 
schedulers RR and B-CQI in terms of fairness, throughput and 
average queuing delay. Results show that the proposed 
algorithm performs better in terms of throughput than RR 
algorithm and better in terms of fairness and the average delay 
as compared to B-CQI. The authors in [10], proposed a new 
Mobility Aware scheduling algorithm that takes the advantage 
of the simplicity of RR and B-CQI algorithms and aims to 
reduce their disadvantages application scenarios including 
mobility. The performance of the new proposed algorithm is 
compared to RR and B-CQI algorithm in terms of fairness, 
throughput and block error rate (BLER). Results show that it 
performs similar to RR and B-CQI in terms of fairness and 
throughput respectively. The authors used BLER parameter 
for comparison because the simulations were conducted with 
non-real time traffic. Therefore, it is essential to know the rate 
of successfully received resources. Results show that BLER 
parameter performs similar to B-CQI. In [11], the authors 
studied the throughput-fairness tradeoff investigating three 
different scheduling algorithms: RR, Maximum Throughput 
(MT) and First Maximum Expansion (FME). The results show 
that considering fairness among users RR gives better 
performance than other two algorithms; however when 
considering the best efforts flows RR algorithm shows the 
worst performance. As a conclusion, with VoIP and Video 
flows RR is the best scheduler. 

The Approximate Maximum Throughput (AMT) algorithm 
was proposed by the authors in [12], aiming to solve the 
resource allocation problem more efficiently than a previously 
proposed Optimal Maximum Throughput (OMT). The AMT 
algorithm tries to maximize the throughput by using a 
heuristic approach. AMT algorithm allocates RBs to UEs with 
good SNR and the UEs with low SNR value are not served at 
all.  The authors compare the algorithm in terms of throughput 
and BLER with B-CQI and Kwan Maximum Throughput 
(KMT) algorithms. Results show that the proposed AMT 
algorithm performs similar to B-CQI and better than KMT 
algorithm in terms of throughput. Considering the BLER 
parameter the results show that AMT and B-CQI algorithms 
show similar values while KMT algorithm achieves much 
lower BLER values. 

III. EVALUATION SETUP 

In this paper we present the evaluation and comparison of 
three major scheduling algorithms for the uplink  the RR, the 
B-CQI and the AMT. Our major contribution is to discuss 
these algorithms side by side and evaluate them under the 
same setup considering not only throughput and fairness but 
also bit error rate (BER). These methods have been 
established as the most suitable ones so far for scheduling 
resources in the uplink, however in literature there is no 
objective comparison of the three under the same simulation 
conditions. Furthermore we examine the performance of the 
algorithms using different channel models, namely Pedestrian 
B (PedB), Typical Urban (TU) and Rural Area (RA).  
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A. Configuration Parameters 

The performance evaluations of the scheduling algorithms 
were conducted in single-cell environment. A single eNodeB 
simultaneously communicates with a different number of UEs 
in the cell. The simulation parameters chosen for the 
performance evaluation are summarized below in Table 1. 

Table 1: Simulation Parameters 
 

Parameters Value 
Simulation Time 500 TTI 

Number of base station 1 
Channel Model PedB, TU, RA 

Transmission model SISO 
Number of UEs 10, 30 

Bandwidth 10 MHz, 15 MHz, 20 MHz 
Scheduling Algorithms RR, B-CQI, Approx. Max. 

Throughput 

 

B. Channel Models 

In our comparison we consider three different channel 
models: Pedestrian B, Typical Urban and Rural Area. The 
3GPP proposes the Pedestrian channel model (PedB) for 
mobile users with low-mobility, with speed 30 km/h. The 
Typical Urban channel model (TU) represents densely 
populated areas with highest path loss, and the Rural Area 
(RA) channel model is suggested for less populated areas, 
having the least path loss [13]. 

 

C. Evaluation Criteria 

The scheduling algorithms studied in this paper are 
evaluated based on three major performance metrics: 
aggregated throughput, fairness and bit error rate (BER). 

Throughput is an important performance measure which 
defines the amount of data transferred successfully in a given 
system. Despite general clarity of the term, definitions given 
by different authors can vary slightly. It our work we have 
defined throughput as total number of useful data received 
successfully by the eNodeB and divided by the total 
simulation time. The aggregated throughput is the average of 
the throughput of all users in the system [14]. 

Fairness is a parameter that shows how fairly the available 
RBs are allocated among UEs. According to [4] this metric is 
calculated using the formula given below: 

 (1) 

where we considering a LTE system consisting of one eNodeB 
serving N users. If Ti is the throughput (in Mbit/s) of user n, 
then the fairness index varies from 0 to 1.  

Bit error rate (BER) is defined as the rate of errors 
occurring in a transmission and is calculated as a cell average 
using the formula given below:  

 

BER=              (2) 

IV. RESULTS 

 The performance evaluation in this study is done using the 
MATLAB based Vienna LTE-A Uplink Link Level simulator 
developed by the Institute of Telecommunications, Vienna 
University of Technology [15]. It allows us to simulate 
different application scenarios considering varying number of 
UEs (from 10 to 40) and varying system bandwidth as given in 
LTE standards (1.4, 3, 5, 10, 15 and 20 MHz). Due to limited 
space only some of these results are included in the paper.  

In this section we present the results of the simulations for 
the three algorithms. First we consider the throughput under 
varying user numbers and system bandwidths. Fig.1  Fig.2 
give the throughput for the different channel models as a 
function of the channel quality (SNR) for system bandwidth of 
10 MHz/10 users per cell and 20MHz/30 users per cell 
respectively. From the 3 discussed algorithms B-CQI and 
AMT show very close performance under TU and PedB 
channels, while RR performs worst. However for the RA 
channel and SNR below 20 dB the best performing is the 
AMT algorithm. For 15 dB it achieves app 23% higher 
throughput than B-CQI and nearly 60% more than RR (see 
Fig.1a  Fig.1c). For higher number of users and higher 
system bandwidths (20 MHz/30 users per cell, Fig 2a  Fig2c) 
this relationship is even more strongly expressed. In case of 
the TU channel the 3 algorithms perform nearly equally but 
for the RA channel the AMT outperforms the B-CQI and RR 
with 36% and 62% respectively. 

 
Figure 1a: Throughput/cell in TU channel, 10 MHz/10 UEs 

 

 
Figure 1b: Throughput/cell in PedB channel, 10 MHz/10 UEs 
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Figure 1c: Throughput/cell in RA channel, 10 MHz/10 UEs 

 

 
Figure 2a: Throughput/cell in TU channel, 20 MHz/30 UEs 

 

 
Figure 2b: Throughput/cell in PedB channel, 20 MHz/30 UEs 

 

 
Figure 2c: Throughput/cell in RA channel, 20 MHz/30 UEs 

 

The second performance metric we consider is fairness. 
Results for the fairness index for the PedB, TU and RA 
channels for with 10 and 30 users and varying bandwidth are 
presented in Table 2 below. 

As expected, RR achieves the highest fairness under all 
channel models. However, it is interesting to notice that under 
the same conditions AMT performs better than the B-CQI 
algorithms for all channel models. Another important 
observation is that the variations in fairness values observed 
under different channel models for AMT are minimal as 
opposed to the B-CQI. This means that AMT can be expected 
to achieve very high fairness in resource allocation 
independent of the specific environment. The fairness of 
allocation provided by B-CQI is also reduced when the 
number of users in a cell increases i.e. its performance is 
sensitive to high traffic loads. 

 
Table 2: Fairness Index Comparison 

 
Bandwidth/ Number of UEs Fairness Values  

RR B-CQI AMT 
10MHz/10UEs (PedB) 0.99 0.86 0.99 
20MHz/30 UEs(PedB) 0.99 0.74 0.97 
10MHz/10UEs (TU) 0.99 0.82 0.99 
20MHz/30 UEs(TU) 0.99 0.69 0.99 
10MHz/10UEs (RA) 0.99 0.79 0.96 
20MHz/30 UEs(RA) 0.99 0.69 0.95 

 
The last metric we discuss is the BER. The results are 

presented in Fig.3  Fig.4. It can be easily noticed that the 
highest BER is observed for the PedB channel and the RR 
algorithm. Also it is interesting to notice that under poor SNR 
the RR performs much worse than any other algorithm. 
Another important point is that the BER performance of the B-
CQI and AMT is nearly constant with the SNR, i.e those two 
algorithms are both well adapting to poor signal values 
irrelevant of the channel model considered. Larger variations 
in the BER are observed for smaller number of users, while 
for systems with many users the variations in the average BER 
are minimal.  

 

 
Figure 3a: BER in TU channel, 10 MHz/10 UEs 
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Figure 3b: BER in PedB channel, 10 MHz/10 UEs 

 

 
Figure 3c: BER in RA channel, 10 MHz/10 UEs 

 

 
Figure 4a: BER in TU channel, 20 MHz/30 UEs 

 

 
Figure 4b: BER in PedB channel, 20 MHz/30 UEs 

 
Figure 4c: BER in RA channel, 20 MHz/30 UEs 

V. CONCLUSION 

In this paper we investigated the performance of three 
major RA algorithms for the uplink in LTE systems. The 
main point was to compare their performance under equal 
conditions and study their behavior under changing 
numbers of users and system bandwidths. Three different 
channel models were considered: pedestrian with speed of 
around 30 km/h (PedB), typical urban (TU), and rural area 
(RA) channel model. The performance of the three 
algorithms was evaluated in terms of fairness, throughput 
and BER. It was observed that AMT and B-CQI 
performance is quite similar for lightly loaded systems (10 
users with system bandwidth of 10 MHz). However when 
the system load is increased (30 users for 20 MHz) the 
AMT algorithm noticeably outperforms the others in terms 
of throughput. For all algorithms the best throughput 
performance is observed under the RA channel model. As 
far as the BER is considered the RR is the worst while B-

observation is that both B-CQI and AMT adapt well to the 
varying SNR and do not degrade their performance under 
low SNR values. However, in terms of fairness B-CQI not 
only has the worst values, but they are also highly 
influenced by the environment. This study can serve 
researchers who are interested in adopting specific RA 
algorithms or developing new ones for LTE systems. 
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Abstract - Nowadays, no mechanical sensor is used when 
drivers control asynchronous motor from vectorial aspect. 
Various sensorless speed sensing techniques have been developed 
for this reason. It is significant to estimate speed with minimum 
error in sensorless speed sensing process. In this study, open-loop 
sensorless speed sensing has been performed by using motor 

flux-oriented x-y reference axis. Even if the 
system is open-loop, it shows high performance. Considering 
Matlab/Simulink outputs of this study, it is acknowledged that 
this estimator presents sufficient results. 

 
Keywords - Sensorless open-loop speed estimation, x-y 

reference axis, open loop control, rotor speed, IM.  
 

I. INTRODUCTION 

HE The fact that motor is directly dependent on constant 
parameters in vector control management, the machine 
changes when it gets heated, and that the speed needs 

sensors such as encoder or tachogenerator resulted in the 
development of sensorless vector control. In many 
applications, such as crane, freight elevator, printing machines 
and electric cars, the required momentum should be achieved 
up to zero speed. Achieving the required momentum at low 
speeds enables driver to be convenient [1,2,3,4]. 
Numerous studies have been conducted to measure speed data 
without using mechanical sensor under the control of 
asynchronous machine. Satisfactory and stable ones among the 
results obtained may be used in the areas that do not require 
high performance and accuracy. If no speed control is 
conducted, the ideal margin of error should be below 0.5%. 
Estimators need to take into consideration the parameter 
changes in asynchronous motor to carry out this kind of driver 
[1]. 
In this study, a high-performance open-loop speed estimator 
will be used which adopts stator flux, voltage and current. As 
the speed estimator is open-loop, there is no need for extra 
feedback equipment.  It is understood that designed speed 
estimator asynchronous motor gives sufficient results when 
integrated into a system in which it is controlled vectorially. 

II. OBTAINING ROTOR SPEED BY USING THE SPEED OF ROTOR 

FLUX SPACE VECTOR AND SLIP SPEED  

 
This method is a high performance open-loop speed 

estimation control method that is currently in commercial use.  

 
Rotor speed is not equal to the speed of stator flux in 

asynchronous motor. Angular velocity of rotor flux should be 
subtracted from rotor slip speed. For this, motor equations 
should be on rotor flux-oriented reference axis.  Figure 1 
defines x-y reference axis set. 

 

 
Figure 1: x-y reference axis set. 

 
The x-y coordinate reference axis set is overlapping with the 

rotating rotor flux mr frequency. In x-y coordinate 
system, momentum is controlled with both stator x axis current 
isx and rotor flux and stator y axis current isy. These vectors 
are shown in rotor flux-oriented x-y axis set in Figure 1. Here, 
as rotor flux-oriented reference set and x,y general reference 
axis set are overlapping with rotor current space vector, the 
rotor current space vector on this axis can be defined as 
follows: 

 

 (1)  

In the 2nd phase rotor, on constantly rotating axis, rotor 

current and flux are formulated as 

 ve   (2) 

And, on x-y general reference axis, rotor flux space vector is 
 

 (3) 

Sensorless Rotor Speed Obtained By Using 
Speed of Rotor Flux Space  Vectors and Slip 

Speed 
YAVUZ USER1  
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Here, positional angle of rotor is found via following 
formulae: 
 

 (4) 

 
x-y general axis set and the components of this set rotate with 
this angle.  Rotor magnetization flux on this axis is defined as   
 

=  (5) 

 
And, it is defined only on x axis.  Stat -y general 
reference axis components are founded in terms of the 2nd 
phase fixed axis set components as 
 

 (6) 

 
In terms of stator and rotor currents, rotor flux is 
 

 (7) 

 
Rotor magnetization flux on x-y reference axis is found as 
 

 (8) 

 
In this axis set, rotor voltage for squirrel-cage asynchronous 
motor is written as 

  (9) 

 
If Lm is considered as 

constant,  (10) 

 
is obtained by using (5). (8) equation is put in place of (10) 
and if both sides of the equation are divided by rotor resistance 
Rr and if Tr=Lr/Rr, the result is as follows: 
 

mrrrmrrsmr

mr

r      (11) 

 
In this formulae, the real and virtual parts of the equation can 
be written as follows. 

                (12) 

 

               (13) 

 
Slip frequency of rotor flux is 

                  (14) 

 
In this statement, if the following representations are used with 
the equation (6), 
 

  ,   ,      (15) 

 

sl, 
 
 

  (16) 

 
Rotating speed of x-y axis in respect to the 2nd phase fixed 

 
 

  (17) 

 

angular speed of rotor flux. Ther
as[1]; 
 

    (18) 

 
Speed estimation carried out with the equation here is based on 
the motor parameters in the equation, which means it is based 
on Lr, Lm, Ls, Rs that are used to find flux and momentum 
values, and Rr values in the equation. 

 

III. VECTORIAL CONTROL MODEL WHICH USES 

ASYNCHRONOUS MOTOR PARAMETERS 

 
Figure 2 shows a motor control system which directly uses 

momentum control algorithm.  The information needed for the 
equation no. 18 is obtained from this model. Vectorial control 
method in Figure 2 is a direct momentum control method. 
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Figure 2. Obtaining of rotor speed Matlab/Simulink Model 
 

IV. SIMULATION RESULTS 

 
Figure 3 and 4 show open-loop speed estimation results 

obtained by using rotor flux in the equation no. 18. Figure 5 
shows motor momentum. 

 

 
 

Figure 3. For the above-mentioned speed estimation method, 

ref =80 rad/secs       
        

 
Figure 4. For the above-mentioned speed estimation method, 

ref= 60 rad/secs and 120 rad/secs  
 

- 
momentum change is shown in Figure 5. Speed estimation is 
carried out in about 0,13 seconds and during this time, values 
are seen in transition regime. Also, momentum fluctuates in 
transition regime and becomes stable after 0.12 seconds. In 
graph a, the speed is fixed to 60 rad/secs. In graph b, the speed 
is fixed to 60 rad/secs at first, and then raised to 120 rad/secs 
at 0.5 seconds. However, speed estimation result is not 
sufficiently accurate as the flux decreases as well at low speed. 
Estimations at speeds above 60 rad/secs are satisfactory.   

V. RESULT 

 
Considering graphs in detail, the accuracy level of speed 

estimation result decreases as the flux diminishes at low 
speeds. However, the speed estimator provides sufficient and 
satisfactory results at speeds above 60 rad/secs. 
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Abstract  In this paper, the implementation of a novel 
nonlinear PI controller on field programmable gate array 
(FPGA) is designed using Very High Speed Integrated Circuit 
Hardware Description Language. The controller structure 
consists of a sector bounded nonlinear function of the relative 
error value in cascade with a linear PI controller. Since these 
kind of nonlinear mathematical equations need small time 
period, FPGA provides a good solution because of its parallel 
architecture. Considering that the accurate controller output 
means varying scales, 32-bit single precision binary floating-point 
number format is used. For implementation of mathematical 
operations Altera Floating-Point IP Cores are used. The designed 
controller is tested with a second order mass-damper-spring 
system by help of hardware-in-the-loop simulation via 
Matlab/Simulink environment.  
 
Keywords  Nonlinear pi controller, FPGA, HIL simulation.  

 

I. INTRODUCTION 

N industrial systems, linear fixed-PI controllers (if suitably 
tuned) provide acceptable solutions to many various 

applications without requiring any information about the 
system dynamics [1]. However, a well-known trade-off of 
these controllers is achieving fast responses causes overshoot, 
and decreasing overshoot causes slow smooth response. 
Moreover, in the case of parameter uncertainties and 
disturbance, their performance deteriorates and controller 
coefficients are needed to re-tune. Another notable fact is that 
utilizing an integral term can suppress disturbances, but it 
causes undesired increase of the system overshoot [2, 3]. This 
trade-off can be balanced by employing nonlinear coefficients 
in the PI (PID) control scheme. In the literature, there are 
many studies on modulating the linear controller gains via a 
nonlinear structure to improve the controller performance [4-
9]. The objective of these controllers is to diminish steady 
state error due to disturbances while providing acceptable 
transient performance with small overshoot and quick 
response. 

In this study, authors present real time implementation of 
their own nonlinear PI controller structure [10-11] on system-
on-a-chip (SoC) architecture. In the controller structure, the 
nonlinear gain is function of not only the error but also the 
reference signal. This novel gain structure provides two 
essential advantages; strong control action to decrease the rise 

time of the system response and exponential decrease of 
integral action to prevent overshoot of the system response 
[10]. The combination of these two enhanced actions 
represents the innovation in PI controllers. 

A field-programmable gate array (FPGA) is chosen as the 
SoC architecture in this study. FPGA-based implementation of 
controllers can efficiently meet the requirements of real time 
applications because of its very high parallelism capability and 
data transfer bandwidth, fast speed, rich I/O resources, re-
configurability and shorter design cycle [12, 13]. The FPGA is 
currently used in many applications, including drive and 
power systems [12, 14-16], different control algorithms [17-
19], real time electromagnetic transient emulation [13, 20-21]. 

In this study, Altera DE2-115 FPGA Development and 
Education Board is used because it provides Ethernet support 
via two Marvell 88E1111 Ethernet PHY chips to 
Matlab/Simulink environment. The real time simulation 
configured with Matlab and FPGA is known as FPGA-in-the-
loop (FIL) simulation. FIL simulation provides the capability 
to use Matlab software for testing designs in real hardware for 
hardware description language (HDL) codes [21]. HDL code 
is written manually with Very High Speed Integrated Circuit 
Hardware Description Language (VHDL) by the help of 
Quartus II 15.1 Lite Edition.  

This paper is organized as follows: in Section II, the 
proposed controller structure is described. In Section III, the 
controller implementation in FPGA is given and the 
implementation results are presented in Section VI. Finally, in 
Section V the study is reviewed and future work is discussed. 

II. CONTROLLER STRUCTURE 

The mathematical description of a fixed-gain PI controller is 
generally expressed as follows  

 (1) 

where u(t) is control signal, r(t) is system reference, y(t) is 
system output, e(t) is error signal, and kp and  ki are constant 
proportional and integral gains, respectively. 

The proposed control structure is comprised of a sector-
bounded nonlinear gain k(e,r) in cascade with a fixed-gain PI 
controller, as in (2). The block diagram of the proposed 
structure is illustrated in Fig. 1. 

- - -
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Figure 1. Nonlinear PI control system block diagram. 
 

In this study, the nonlinear gain function k(e,r) is defined as 

 (3) 

where   and, and are positive-valued 
controller design parameters. Note that, the k(e,r) function is 
bounded in [ - ] with this definition. 

The motivation behind using this nonlinear gain k(e,r) is 
overcoming the inevitable trade-off of fixed-gain controller 
between fast response with overshoot and oscillation, and slow 
response with no overshoot. The proposed structure is capable 
of accomplishing these two conflictive requirements. 

In the structure, the error signal is amplified with a term, 
which is defined by the ratio of error to the reference and fed 
into fixed gain controller. When the relative error value is 
large, the nonlinear gain k(e,r) exponentially increases and the 
system output reaches the reference value fast. As time 
proceeds and the error tends to diminish, the nonlinear gain 
k(e,r) decreases and when the error vanishes, k(e,r) converges 
to its lowest value -  This dynamic structure shortens the 
rise time and allows the system output behavior being 
smoother in the process of settling when compared to the 
fixed-gain PI controller. This structure also reduces the 
winding of the integral term, which is another cause of 
overshoot [10-11]. 

Considering that the other nonlinear controller structures in 
the literature use only error term in their nonlinear gains, this 
structure has an advantage because of involving relative error. 
In case of small reference values small error values will 
become more important. Similarly when the reference value is 
large, small errors will become less important. And this 
structure takes these particular cases into account via its 
relative error dependence. 

III. CONTROLLER IMPLEMENTATION WITH VHDL 

The controller interfaces are designed as a component by 
the help of Altera Floating-Point IP Cores using VHDL. The 
Altera Floating-Point IP cores enable to perform floating-point 
arithmetic in FPGAs through optimized parameterizable 
functions for Altera device architecture [24]. For the 
adder/subtractor function ALTFP_ADD_SUB, divider 
function ALTFP_DIV, multiplier function ALT_MULT, 
exponential function ALTFP_EXP, absolute value function 
ALTFP_ABS and converter function ALTFP_CONVERT are 

used. 
The controller structure are implemented in FPGA with 32-

bit single precision binary-floating-point numbers. The main 
advantage of using floating-point numbers instead of fixed-
point and integer is that it can support a much wider range of 
values. Floating-point numbers are defined in the IEEE 754 
Standard (32 bit and 64 bit) [23]. The standard binary floating 
point data is encoded on three different fields: a one bit sign 
field, followed by exponent bits encoding the exponent offset 
by a numeric bias specific to each format, and bits encoding 
the fractions (or mantissa). A single precision floating point 
format is shown in Fig. 2. Here, the most significant bit 
(MSB) holds the sign bit, the next 8 bits hold the exponent 
bits, the rest 23 least significant bits (LSBs) hold the mantissa. 
The total width of a binary floating-point number in the 
single-precision format is 32-bits with the bias of 127 [24]. 

 

 
Figure 2. 32-bit single precision binary floating-point format. 

 
The binary floating-point representation of a data, the  

sign bit is used for positive and  sign bit is used for negative 
numbers. The exponent bits encode the exponent in base 2, 
and the fraction bits encode the significand without the MSB 
non-zero bits. For instance, the value -160.5 equals to 

, and can be represented with a 
negative sign, an exponent of , and a fractional part 

. The exponents are biased by 127, so the 
exponent 7 is represented by bit strings with values 134. 
Hence, the 32 bit single precision binary floating-point format 
of -160.5 is obtain as below; 

 

 

Figure 3. 32-bit binary floating-point format of -160.5 

The nonlinear and the linear parts of the controller are 
implemented via Altera Floating-Point IPs. The 
implementation of these parts are explained in detail in the 
following sections. 

A. Nonlinear Part of the Controller 

The controller inputs (error value, reference value and the 
constants) are defined as 32-bits std_logic_vector data type as 
described in standard logic 1164 package of the IEEE library.  
These values are sent to the FPGA as 32 bits binary fixed-
point numbers via Matlab/Simulink environment. Then all the 
input values are converted into 32-bit binary floating-point 
number format. 

 The schematic diagram of the VHDL code that written for 
nonlinear part of the controller, k(e,r), are given Fig. 4. As 
seen from the figure, for each step of the nonlinear equation, 
an IP component is used. 

31 30 23 22 0
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Figure 4. Implementation of nonlinear part of the controller in FPGA. 
 

In Fig. 4, while the components U1, U2, U3, U4 and U5 
convert the value of error, reference, and  into 32-bit 
floating-point values, the other components execute the math 
operations. 

As an example, for values , , , 
 and , the ModelSim result is obtained as in Fig. 

5. Here, the fixed-point representation of the values are given 
to the simulation program as an input. These values are 
converted into floating point representation, then the nonlinear 
output is obtained as the 32-bit floating representation of 
1.7231531. 
 

 

Figure 5. ModelSim simulation result of nonlinear part of the 
controller. 

B. Linear Part of the Controller 

The linear part of the controller represents a conventional PI 
controller given in (1). For the implementation of this 
structure the discrete form of the controller is used. In (4), for 
a small sample time Ts, the linear part of the controller are 
turned into a difference equation with approximation of 
integral mode by backward integration rule. 

 (4) 

The schematic diagram of the VHDL code is given Fig. 6. 
 

 

Figure 6. Implementation of linear part of the controller in FPGA. 
 

After the linear and nonlinear part of the controller are 
multiplied, the controller output is obtained as a floating point 
number.  

IV. IMPLEMENTATION STUDIES 

A. System Description 

In this section we desire to control a second order mass-
spring-damper system given in Fig. 7. The transfer function 
between the force applied, F(s), and position, X(s), of the 
system is presented in (5). 

 

m

k

b

F

x

 
Figure 7. The schematic of second-order mass-spring-

damper system. 

 (5) 

 
The parameters of the system are given in Table 1. It is 

worth noting that with these system parameters and controller 
parameters including  For stability 
analysis of this controller, see [10]. 

Table 1. Simulation parameters. 

Parameter Value 

Mass, m 2.45 kg 

Damping coefficient, b 9 Nsec/m 

Spring constant, k 200 N/m 

Proportional gain, kp 10 

Integral gain ki 

Controller parameter,  

Controller parameter,  

Controller parameter,  

2 

0.4 

1 

2 

 

B. Implementation Results 

The hardware-in-the-loop simulation diagram that connects 
Matlab/Simulink environment to FPGA is shown in Fig. 8. 
Here, the FIL block is built after the VHDL files of the 
controller are compiled via Matlab/Simulink. For simulations 
fixed-point Bogacki-Shampine (ode3) solver is used and 
sampling time is chosen as Ts=0.002 sec. 
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Figure 8. Simulink diagram of the HIL environment. 

In the first simulation to investigate controller performance 
a unit step function is applied as reference signal. Also, at 
t=25 a step disturbance input with the amplitude of 0.5 is 
applied as output disturbance. The results for system output 
and control signal are given in Fig. 9 and 10, respectively. It 
can be said that in case of nonlinear PI controller, system 
output approaches reference value fast and rejects the 
disturbance more effectively. 

The variation of nonlinear gain k(e,r) for this case is given 
in Fig. 11. At t=0, the error value is high, nonlinear gain k(e,r) 
reaches its maximum value, 2. When the system output 
approaches the reference, the error decreases and nonlinear 
gain k(e,r) decreases as expected. 

 

Figure 9. System responses for the nonlinear PI and fixed-gain PI 
controller. 

 

Figure 10. Control signals for the nonlinear PI and fixed-gain PI 
controller.

 

Figure 11. Variation of nonlinear gain k(e,r) with respect to time. 

In the second simulation scenario, a sinusoidal reference signal 
with a frequency of 0.01 Hz and amplitude 1 is applied. The results 
show that nonlinear PI controller performs better at reference 
tracking as well (Fig. 12). 

 

Figure 12. System responses for sinusoidal input.  

V. CONCLUSION 

In this study, a novel type of nonlinear PI controller are 
implemented using FPGA. All the code for the controller are 
written manually via VHDL using 32-bit single precision 
binary floating-point format.  For the nonlinear arithmetic 
operations Altera Floating-Point IP Cores are used. For the 
case study, a second order mass-damper-spring system is 
practiced. HIL simulations are conducted to verify the control 
algorithm implementation on FPGA and performance of the 
designed structure. It is found that FPGA-based controller run 
properly and the transient and steady state responses of the 
controller are satisfactory. As future work, it is planned to use 
the FPGA-based controller in a real second order system. 
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Abstract  Nowadays, distributed generation is a popular 
generation technique and its penetration in power systems is 
increasing each passing day. In the integration of DG into power 
systems, planning is of great importance. In the planning of these 
systems connected to the distribution networks, according to the 
size of the network, the computational effort to be done can be 
quite heavy. Various reduction methods have been proposed in 
the literature in order to reduce this computational load. These 
methods have been investigated in this paper and it has been 
concluded that the most suitable method for DG planning studies 
is the WARD method. The consistency of the WARD method in 
such studies was examined by a case study on the IEEE 30 bus 
test system. 
 

Keywords  DG planning, Network reduction methods, Ward 
equivalent, IEEE 30 Bus 

I. INTRODUCTION 

ISTRIBUTED generation (DG) is, by its most general 
expression, a technique for generating electrical energy 

by connecting from distribution levels to power systems [1]. 
Distributed generation facilities are the investments that can be 
realized in shorter period, with lower costs and fewer risks 
than large power systems. Besides payback period for DG 
investments is shorter than that of large power plants. Thus, it 
provides effective solutions on supplying increasing electricity 
energy demand. Since the generation is performed in where the 
consumption takes place, DG technique helps to reduce power 
losses in systems. Opening up new energy fields, enabling to 
be used different energy sources in generation, allowing 
customers to meet their own energy need and to sell the 
surplus energy to the grid are the other benefits of DG. 
Nowadays, the popularity of DG, which offers such benefits in 
terms of both the systems and the consumers, is quite high, and 
hence its penetration on power systems is increasing day by 
day [2]. 
However, this DG is contrary to traditional power systems 
with centralized generation infrastructure [3]. In centralized 
structure, power flow is unidirectional from large power plants 
towards consumption area via transmission lines. Therefore, 
all subsystems in power systems are designed based on this 
power flow. Especially, protection scheme, which is designed 
based on the way of power flow, and voltage regulation which 
is designed as assuming that voltage drops towards end of 
feeders, are the most affected systems[2,4]. In order to avoid 

this kind of disruptive effects of DG in power systems, a well-
planned integration is required [5]. 
As it is stated before, DG systems are integrated into power 
systems from distribution levels. Distribution networks are 
within power systems, with the highest complexity and lowest 
observability. Numerous system components in different 
structures and tasks, and a great number of consumers in 
different structures and characteristics takes place in that part 
of power systems. However, there are fewer and more limited 
monitoring mechanisms than other parts of power systems in 
distribution systems [6]. Thus, DG planning study for a 
distribution network corresponds to heavy computational 
works. 
In such studies, network reduction techniques have been 
proposed in order to reduce the computational effort and 
required time, and such methods have been used in many 
studies in the literature . A detailed review study regarding 
with these methods and studies are given in [7] and a detailed 
expression for application of these methods are given in [8] 
These methods are generally grouped under two main titles, 
depending on their suitability of using in dynamic or steady 
system states [7]. In this paper, DG planning studies based on 
steady state conditions of power systems are taken as basis. 
There are many reduction methods recommended in the 
literature for steady-states of power systems [9]. However, the 
most well-known examples of these methods are Ward [10], 
Kron [11], Dimo's [12] and Zhukov s [13]. Among these 
methods, the Ward reduction method, which is considered to 
be most suitable for DG planning studies, comes to the 
forefront in terms of ease of operation and feasibility. Since 
the Kron method is based on modeling the loads on the system 
as impedance, it may intensify and singularize the impedance 
matrix [11]. On the other hand, Dimo's and Zhukov's methods 
are known as Radial Equivalent Independent (REI) reduction 
methods based on aggregating the busses to be reduced at a 
single point, so the feasibility may be low in such systems that 
may have different buses like distribution networks. 
In this study, the IEEE 30 bus test system has been reduced to 
an equivalent system by using Ward reduction method. The 
real and the reduced system are analyzed by power flow 
analysis and the consistency between the systems has been 
examined. Finally, the same examinations were repeated on 
the systems by connecting a DG unit to a selected bus and the 
results obtained have been evaluated. 
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II. NETWORK REDUCTION METHODS 

In the planning of the DG connection to a distribution system, 
it is emphasized in the previous section that studying with the 
reduced system by using the reduction methods provide 
benefits to the user like reducing the computational efforts and 
time. Choosing the most appropriate reduction method among 
the reduction methods recommended in the literature is of 
great importance in terms of ease of operation and consistency 
of the results to be obtained.  
In the Kron reduction method, which is one of the most known 
reduction methods in the literature, the nodal equations of the 
system are created with the results obtained from the solution 
of the real system. The equations, which belongs to the points 
that desired to be removed from the original system, are 
eliminated by the help a gauss elimination method based 
approach and the equivalent circuit is obtained. However, in 
the Kron reduction method, loads in the system are modeled as 
impedance and evaluated in the impedance matrix. Modeling 
loads as an impedance is not an appropriate approach for DG 
planning studies. Besides, it is inconvenient because of the 
possibility that it may cause singularity in the matrix 
operations performed during the reduction[9]. 
In Dimo's and Zhukov's methods, all the busses to be 
eliminated are aggregated in a fictitious equipotential point. 
The connection between this point and the original system is 
formed by branches with impedances defined on the loads and 
the voltages connected to the buses to be eliminated. In Dimo's 
method, an impedance value determined by the sum of all the 
loads connected to eliminated buses and the sum of all the 
currents flowing to this created fictitious point, is connected to 
the fictitious point as a shunt impedance. In Zhukov's method, 
it is assumed that a current is injected as much as the value of 
the total load at the eliminated busses and the voltage of the 
fictitious point [7].  
In a study given at [9], all of these methods have been tested 
on IEEE 118 bus and 14 bus test systems. In the study 
conducted, Dimo's method showed lower consistency at higher 
R/X ratio, while the consistency of Zhukov's method was 
influenced by changes in system loads. Dimo's method may 
not be suitable for DG planning studies when it is considered 
that these studies are carried out in distribution networks 
which has high R / X ratios. In addition, a DG unit capacity, 
which is planned to be connected to the reduced system 
obtained by Zhukov's method, may reduce the consistency of 
the results. 
In the study, the results obtained from the equivalent system 
which is reduced by using  WARD reduction method has been 
showed the highest coherence with original system. For this 
reason, it has been considered that WARD reduction method 
may be more appropriate to be used in this study for DG 
planning studies. 

A. WARD reduction method 

The Ward reduction method is applied on the nodal equations 
generated by using the system admittance matrix and the 

current and voltage values of the points in the system obtained 
by using any power flow analysis [10].  
The main structure of the nodal equation system is; 
 

 (1) 
 

where Y is the admittance matrix, V and I are the voltage and 
current vectors, respectively. The rows in the equation system 
are reorganized as the rows above for retained busses and the 
rows below removed busses 
 

 (2) 

 
where the index RET has been used for the retained busses, 
and the index REM has been used for the removed bars. The 
following expression is obtained when the lower-row is 
removed by gaussian elimination approach. 
 

 (3) 

 

(4) 

 (5) 

 
where RED index is used for noted the values belongs to 
reduced system. 

III. METHODS OF THE STUDY 

In this study, the power system is reduced to an equivalent 
with fewer busses by the WARD method, and the use of this 
equivalent system in DG planning has been investigated. A 
MATLAB code has been developed to obtain the reduced 
equivalent of the system to be investigated. In the generated 
MATLAB code, some points have been considered as 
different than original WARD reduction methodology. These 
points and their reasons to be considered are given below. 

 Normally, the system loads are assumed to be constant 
current values [10]. However, since extreme voltage 
variations are not expected in distribution systems, the 
loads may be modelled as constant power values. Thus, 
without the need to analyze the power flow of the system, 
reductions can be made using power quantities connected 
to the busses instead of currents. 

 Synchronous condenser, static capacitors, line charging 
capacitances in the system should be considered as 
separate reactive power sources according to original 
WARD methodology [10]. In this study, only the 
synchronous condensers have been taken into account as 
it has been remarked but the static capacitors and the line 
load capacitances are not included in the calculations 
with the consideration that the effects of static capacitors 
on the system may not be excessive and all lines are 
overhead lines. 
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 The turn ratios of the transformers in the system are taken 
into account over the ratios of their nominal voltages. 
Step settings are not included in the calculations. 

The algorithm of the MATLAB code which is based on the 
above principles is given in Fig. 1.  
In the generated algorithm, after reading the data of the 
original system, the user is asked which buses to be kept in the 
system. At this step, in order to ensure that a consistent 
reduced equivalent can be obtained, attention should be paid to 
the following points in determining the retained buses. 

 All of the voltage controlled buses (swing bus, PV 
busses) in the system must be kept. 

 Branches with transformers and bars connected to these 
branches 

 Buses of interest (the buses considered to be connected 
DG units) 

 
Figure 1 Flow chart of algorithm for WARD reduction 

The node equations of the system are created for use in the 
WARD method, after the user specified the nodes  selected 
according to the above-mentioned considerations. Instead of 
the currents in the node equations, load values connected to 
the buses are used. Thus, the loads in the eliminated buses are 
appropriately distributed over the remaining buses in the 
process of the WARD reduction method. Since all the buses 
containing the power sources are in the retained buses, after 
the reduction, the resources can be returned back to the buses 
they belong to. 
Once the reduced equivalent system is obtained, the following 
algorithm is examined to ensure that this system is suitable for 
DG planning studies. DG unit is connected at the same bus of 
the both original and reduced system. The power flow analysis 
of both systems, for the cases with the DG unit, is performed. 
In practice, DG units are not allowed to be voltage controlled 
in power systems, so DG connected buses are considered as 

PQ bus in the power flow analysis. The results obtained for 
both systems are compared and the consistency of the reduced 
system for that study is examined. The flow chart of the 
following algorithm is given in Fig. 2. 

 
Figure 2 Flow chart of algorithm for verifying reduced system in 

DG planning 

IV. CASE STUDY 

In this paper, a case study has been conducted with the IEEE 
30 bus test system. The single line diagram of the original 
system is given in Fig. 3 and the data are provided by [14].  

 
Figure 3 Single line diagram of 30 Bus test system 

In the case study, it is assumed that a DG unit is connected to 
the test system from Bus 30. Under the guidance of the points 
mentioned in the previous section, the retained buses are 
identified and the test system has been reduced to 16-bus 
equivalent. The retained buses are given in the  
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Table 1: Numbers of the retained buses. 

THE RETAINED BUSES 

1, 2, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 24, 27, 28, 30 

 
The reduced system obtained by the developed MATLAB 
code is illustrated in ETAP environment as shown in Fig. 4.  

 
Figure 4 Single line diagram of the reduced equivalent 

Power flow analysis for the original system and the obtained 
reduced system have been studied. The variation of the 
voltages obtained for the selected buses is given in Fig. 5. 

 

 
Figure 5 The voltages of the retained buses in the original system and 
the reduced system 

After the verification of the reduced system, a 15 MVA DG 
unit is connected to Bus-30 with unit power factor. In both 
systems, power flow analyzes have been performed for the 
new situation and the obtained results for bus voltage have 

been compared in Fig. 6. As can be understood from the 
figure, the voltages in all the buses have increased and the 
results belongs to the reduced equivalent is closer to the results 
obtained from the original system, as in the previous case. 
 

 
Figure 6 The voltages of the retained buses in the original system 
and the reduced system for DG integration case  

V. CONCLUSION 

In this study, the suitability of network reduction methods 
for DG planning studies have been investigated. The reduction 
methods in the literature have been evaluated in terms of their 
suitability for the study  and the WARD method has been 
considered as the most suitable method among the alternatives. 
The WARD method has been modified by interpreting for DG 
planning studies. The modified method has been applied to the 
IEEE 30 bus test system over an algorithm developed in the 
MATLAB environment and the results have been compared. 

The outcomes shows that the results obtained from the 
analyzes made with the reduced system are quite close to those 
of the original system. It has been proved by the study that by 
using these methods in DG planning studies, heavy and time-
consuming computational processes can be eased, without a 
serious error in the results to be achieved. 
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Abstract - With the population increasing and population 
density becoming more increasing especially in cities, traffic 
density problems have begun to emerge. The traffic intensity 
causes environmental pollution due to increase of transportation 
time, excess consumption of fuel, together with emission of 
exhaust gas. Different methods are used to reduce the traffic 
intensity. In order to apply these methods, firstly traffic density 
must be determined. It is necessary to know how many vehicles 
pass through the requested zone. In other words, there should be 
done the counting of vehicle. In this study, a morphological image 
processing method was used for counting vehicles at the 
intersection. New type of virtual region has been created in the 
method of morphological image processing to count vehicles at the 
intersection without missing any of them. By this study, the 
contribution of the new type virtual region to the vehicle count 
will be determined. With the help of new type of virtual zone to 
be created will be shown whether or not the vehicles are counted 
with minimum distance from the intersection and the validity of 
this method will be shown in comparison with the latest methods 
in the literature. 
 

Keywords - Intersection, Traffic intensity, Virtual zone, 
Morphological image processing.  

 

I. INTRODUCTION 

HE traffic volume is the number of vehicles passing by a 
certain segment of the road. Traffic volume data is the 
data that is needed at determination of bus routes, traffic 

simulation programs, optimization signal durations of 
signalized intersections, geometric regulations of roads and 
intersections and several similar studies relating the subject of 
transportation[1].  

There are manual and automated methods for measuring 
traffic volume. Manual methods are used for short term counts. 
The classification, counting and rotation is recorded by writing 
on paper or with the help of an electronic machinery[2].  

Magnetic loop systems, video camera systems, air hose 
systems often used by highways are some of the automatic 
counting methods. In this study through a camera system, the 
number of vehicles passing through the designated new type of 
virtual area will be determined using morphological operations 
by using the program Matlab[3].   

II. LITERATURE STUDIES  

The studies executed in this system are based on image 
processing techniques. The image processing name (in German  

 
Bildbearbeitung) is a computer study that is oriented on 

changing the measured or recorded electronic (digital) image 
data in electronic environment (with the help of computers and 
software) in accordance with the purpose[4]. 

Yiyan WANG, Yuexian ZOU et al. have made a vehicle 
detection by using a camera at the intersectionon which they 
had examined. In image processing applications, cameras are 
usually focused on areas where there are traffic lights or on 
areas where it is approached to the intersection. In this study, a 
panoramic image was obtained using a single camera, and the 
focused area is the center of the intersection[5]. 

Najmeh Eghbal and Hossein Nurbakhsh proposed a new 
method based on image processing techniques for traffic 
volume measurement during signaling. In this new method 
(virtual loops method), the vehicles passing through the virtual 
area in front of the intersection are counted. The method is 
similar to the induction loop logic. Vehicle counting on the 
image was done with blob analysis[6]. 

In the study perfomed by Andrew H. S. Lai, George S. K. 
Fung et al. Has been modeled the template as a simple 
deformity instead of removing the vehicles from the traffic 
image. These templates are tool masks. Through this template, 
vehicle width, length, height are used as classification data. 
Vehicle classification was done using Maximum Likelihood 
classification algorithm. The biggest advantage is that it does 
not have infrastructure (construction) work as it is in induction 
loop detectors[7]. 

Peyman Babaei has made traffic management with video 
surveillance. For this management, the traffic flow must be 
determined. For this reason, vehicle counting, classification 
and tracking methods are used. In this study, a hybrid 
background model was used to learn the background model 
faster. Hybrid zones are selected from the vehicle routes. 
Mixture of Gaussian is used for background subtraction 
because it is the best result in complex situations. Vehicle 
classification was done with K-means clustering[8]. 

Ryan P. Avery, Yinhai Wang et al. have made studies based 
on length classification of vehicles using image processing 
algorithms based tools with images taken from the camera. 
The algorithm is implemented in C ++. The vehicle 
recognition process is based on the comparison of the RGB 
values of each pixel, and it is understood that the vehicle has 
arrived at a certain value (threshold 20), where the RGB 
values are the same but the vehicle does not pass. 
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It has been observed that at least 5 consecutive pixels in this 
system must be different from background values in order to 
prevent perception of unwanted distortions or hums as 
vehicles. In this classification, images such as human and 
bicycle are not calculated. Vehicle classification has begun 
processing immediately after vehicle recognition has started. 
The vehicles passing through the virtual lines placed on the 
strips are measured in length when they exceed the recording 
end limit[9]. 

III. CREATION OF VIRTUAL REGION 

In Figure 1, the camera calibration is shown by making 
numerical measurements. The area of the image taken from 
Google Earth is plotted in AutoCAD program, proportional to 
the actual measurement, and is shown in figure 1. The area 
defined in Figure 1 shows the region in which we will process. 
The camera is oriented on the vehicles in this area. 

 
 

Figure 1: Image Processing Zone Component Measurements and 
Combinations 

 

In Figure 2, the image processing areas are combined to 
show the general image and numerical measurements of the 
region to be processed of the image processing. 

 

 
 

Figure 3. Region of Image Processing 

IV. COUNTING STEPS IN PROGRAM MATLAB 

The counting operations performed on images with the 
MATLAB program are described below step by step. After 
these transactions, it will be converted to the binary image file 
and the number of vehicles be calculate by using MATLAB 
program. Vehicle counting data will be obtained with image 
processing techniques. 
An image is a matrix of numerically consisting of m * n pixels. 
Here m indicates the column number and n number indicates 
the row number. On figure 4 below, we will use this display as 
a matrix for this study, and Figure 3 shows an RGB format 
image. 
The integers at the intersections of the rows and columns 
correspond to the gray level resolution of the pixel at that 
point. In figure 4 in matrix  the values are m = 662, n = 1611. 
 
 
 
 
 
 
 
 

Figure 4: Representation as a matrix of digitized images 

 
 
 
 
 
 
 
 
 
 

Figure 5. Image in RGB Format 

 
 
 a. Gray Level Resolution 
The total number of pixels in an image can be defined as the 
resolution. The resolution increases and the sharpness in the 
image increases. The color variety in an image depends on the 
color depth or bite per pixel. Mathematically gray level 
resolution and bit per pixel equations are as follows. 
 

L=                              (1)                                                                                                                              
 
L shows the gray level number here. k is the bit per pixel. 
 
In the Figure 5, k = 24, L = 2 ^ 24, L = 16777216. This value 
means that the gray level resolution is 16777216, which means 
there are 16777216 different color tones[10]. 
 
 b. Conversion to gray level 
The image in Figure 5 will be converted to binary (binary) 
image. For this, RGB image will be converted to gray level 
first. 
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Figure 6: Gray Level Image 

 

The colors are in different wave lengths, and a 'Gray Level' is 
set for each pixel with the following formula, taking averages 
at different ratios to obtain a more apparent image[11]. 
 

     (2) 
 
 c. Convertion to Binary Mode 
 

The image is transformed into binary mode by rotating it 
according to the threshold value determined using the Otsu 
method. The colors below the threshold value are converted to 
black and white colors at the top. The images have different 
threshold values depending on the color distributions. If the 
threshold value is set too large, the image will be white, if the 
threshold value is set too small, the majority of the pixels will 
be black. Threshold values can be assigned by trial, but 
changes in the image occur and the automatic threshold value 
must be available. The average of the squares of the average 
value distance of the pixels in the image is calculated by the 
following formula and is called the variance.  

 

                                                     (3) 

 
X is the grey level value, P (x) is the ratio of the gray level 

average.  

  (4) 

 is the variance in pixels, is the variance 
between the pixels.      
 

             (5)                                                                                                           

 

                  (6)                                                                                                   

 

                                                           (7) 

 
Each gray level value is selected as the threshold value t is 

calculated by the formulas below  and  and 

indicating instead of 4th  equation the  value is 

obtained. In case if the  is calculated less than the value 
that has been calculated previously, the threshold  value t  

making the  the highst will be obtained[12,13]. 
 

Obtained image will have unwanted distortions or hums. In 
order to get rid of them, etching and expansion processes will 
be applied sequentially from MIKGY (morphological 
operations). With the etching process, the filter is routed on 
the image and the pixel value of the image under the center 
pixel is checked. If the pixel value is 1, those pixels under the 
filter are examined. If any of these pixels are 0, all the pixels 
under the filter are 0 thereby this operation is applied to the 
whole image. The unwanted distortions will disappear with the 
etching process, but the space between the vehicles will 
increase and the vehicles will shrink in size. By this way will 
be different from their actual dimensions[14]. For this reason 
we do the expansion process. The filter will be routed on the 
image as if it were in the process of etching in the expansion 
process and will be subject to 'logical or' operation when the 
pixel below it is 1. Thus, the vehicles will become close to 
each other and their shape will swell. Vehicles such as 
motorcycles and bicycles will disappear from this view, and 
the counting process will be more accurate[15]. 

 
 
 
 
 
 
 
 
 

Figure 7:  Binary Mode Image 

It is calculated that the number of vehicles leaving the 
intersection at Burhanettin Onat Street in the direction of 
Burhanettin Onat Caddesi is 1,843 vehicles / hour in the 
morning peak hour of the number of vehicles arriving from the 
roundabout on the Burhanettin Onat Street branch road of the 
hourly counting image processing area. 
 

V.  CONCLUSION 

In this study, on one of the important intersections of 
Antalya- at the Sampi intersection was implemented the new 
type virtual region vehicle counting obtained by image 
processing techniques. The images taken from the camera are 
first converted to binary mode according to the gray level of 
the RGB format and the threshold value determined by the 
Otsu method. By applying etching and expansion using 
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morphological processes, the images were purified from 
distortions and counting was performed. 

The new image processing area determined in this study 
counts the vehicles passing through the intersection store and 
calculates the incoming and outgoing vehicles at the 
intersection. This counting data can be used in traffic 
simulation programs and informs us of the number of vehicles 
that pass from the relevant car to the next intersection, thus 
providing the vehicle information to be used in green wave 
applications between the two intersections. Due to the camera 
angle, vehicles located beside large vehicles such as buses may 
cause lack of calculation in operation. The images taken with a 
more vertical camera from the center of the intersection can 
reduce the error margin. According to studies done in the 
literature, the image processing region can be processed more 
quickly because it is taken more regionally in this study. 

 

ACKNOWLEDGMENT 

The research has been supported by the Research Project 
Department of Akdeniz University, Antalya, Turkey.          

REFERENCES 

[1] Park, Byungkyu, Carroll Messer, and Thomas Urbanik II. "Short-term 
freeway traffic volume forecasting using radial basis function neural 
network." Transportation Research Record: Journal of the 
Transportation Research Board 1651 (1998): 39-47. 

[2]  
[3] 

(2011). 
[4] https://tr.wikipedia.org/wiki/G%C3%B6r%C3%BCnt%C3%BC_i%C5

%9Fleme 
[5] Wang, Yiyan, et al. "Video image vehicle detection system for signaled 

traffic intersection." Hybrid Intelligent Systems, 2009. HIS'09. Ninth 
International Conference on. Vol. 1. IEEE, 2009. 

[6] Eghbal, Najmeh, and Hossein Nurbakhsh. "Measurement of some traffic 
signal parameters via un-calibrated video camera." Electrical 
Engineering (ICEE), 2011 19th Iranian Conference on. IEEE, 2011. 

[7] Lai, Andrew HS, George SK Fung, and Nelson HC Yung. "Vehicle type 
classification from visual-based dimension estimation." Intelligent 
Transportation Systems, 2001. Proceedings. 2001 IEEE. IEEE, 2001. 

[8] Babaei, Peyman. "Vehicles tracking and classification using traffic 
zones in a hybrid scheme for intersection traffic management by smart 
cameras." Signal and Image Processing (ICSIP), 2010 International 
Conference on. IEEE, 2010. 

[9] Avery, Ryan P., Yinhai Wang, and G. Scott Rutherford. "Length-based 
vehicle classification using images from uncalibrated video cameras." 
Intelligent Transportation Systems, 2004. Proceedings. The 7th 
International IEEE Conference on. IEEE, 2004. 

[10] Gonzalez, R.C. and Woods, R.E. Digital Image Processing., Prentice 
Hall. (1992). 

[11] 

 
[12]  
[13] Otsu, Nobuyuki. "A threshold selection method from gray-level 

histograms." IEEE transactions on systems, man, and cybernetics9.1 
(1979): 62-66. 

[14] 

Bilimleri Dergisi 10.1 (2010): 31-38. 
 
 

509 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 

Abstract - Nowadays, In spite of limited production of electrical 
resources is increasing excessively the consumption amount of 
electrical energy. For this reason ,we should take more advantage 
of electrical energy and we should use more productive . 
Especially power factor will be negatively affected at network 
when the number of devices are using DC -inverter Technology 
and using semiconductors will increase. In this study,  PFC -Boost 
circuit has been designed which is controlled by microcontrollers 
and power factor is obtained by digital PI loop. PFC -Boost 
circuit and digital PI design ,output current and  voltage of the 
circuit  and FFT analysis graphics are presented comparatively 
and the change in harmonic level is shown . 
 

Keywords - PFC-Boost circuit, PI control, Harmonic, Inverter. 
 

I. INTRODUCTION 

HE Power factor is an indication of effiency of using 
electricity. Low power factor devices causes harmonic 
formation in power line.  Highest power factor value is 

one for every device powered by AC source but practically it's 
not possible. That is why every device powered by AC source 
causes harmonics. Mainly formation harmonics by 
transformers, engines and generators, arc furcaces, 
semiconductors, switching power supplies, electric ballasts, 
welding machines, electric transport system, computers etc. 
Harmonics in the power lines causes corruption of waveforms, 
overheating in the synchronous and asynchronous engines 
because o
the lighting elements and monitors, extremely high current and 
voltage because of resonance, interferences in video calls and 
voice calls, overload in basic frequency designed comparation 
systems because capacitive reactance in 
harmonics frequency, overcurrent in the power lines, 
perforation in dielectric materials malfunction. 
For electricity energy and efficiency harmonic limits allowed 
for AC network withdrawal are determined by national and 
international standards. Some of these standards; 
 

 
appliances equipped with domestic appliances and the 

standard 
prepared by Comit Europen de Normalisation 
Electrotechnique. 

 IEC Norm 555-3. 
 VDE 0838 western standard for electrical household 

appliances, Standard for VDE converters and VDE 0712 
Fluorescent lamp ballastsIEEE519. 

 IEC61000-3  
These are energy quality standartds. EN 61000-3-2 specfied by 
the International Electrotechnical Commision (IEC). In Turkey 
these standards apply as TS EN 61000-3-2. According to this 
standards devices classified as A,B,C,D. It is as given Table 1. 
 

Table 1. Harmonic Limits According to TS EN 61000-3-2 
Standard

 

II. CLASSIC FULL WAVE RECTIFIERS CIRCUIT 

 
In the figure-1 dc network connected load fully rectified by 

classical full wave rectification circuit. If we model as 311DC 
voltage and 285 ohm equivalent resistance, our load is about 
340 watts[3]. 

 

 
Figure 1: Classic full-wave rectifier circuit 

 
In classical full wave rectification, current graphic from the 

network is shown in figure-2 and figure-3. 
 

 
Figure 2: Typical full-wave rectifier circuit current graph 
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Figure 3: Typical full wave rectifier voltage graph 

 
If FFT analysis performed on the classical full wave 

rectification is output, result is shown in figure 4. 
 

 
Figure 4: Typical full-wave rectifier circuit input current FFT  

In figure 4 power factor calculated as 37%. This percentage 
cause harmonic formation in network and some problems due 
to harmonic formation. This is unfavorable situation for us. In 
this Project, attaching PFC-Boost circuit between network and 
present system has foreseen. 

III. PFC-BOOST CIRCUIT DESIGN AND POWER FACTOR BOOST 

 
In classic PFC-Boost main schematics show in figure 5. 

This figure shows our target network current. 
 

 

Figure 5: PFC-Boost circuit diagram 

 
Several control paths can be followed to get same sinusoidal 

phase in current drawn from the network. Some of those; 
 If coil current reach to requested current S switch goes 

into cut. With stable frequented counter S switch 
reactivates. 

 Predetermined coi

between (requested coil current) + 0.5*(ripple value) and  
(requested coil current) - 0.5*(ripple value)  

 Until coil current reaches twice the requested coil current 
switch continues to transmission then it cuts when coil 
current is zero switch reactivates. 

 
In this study an example will be taken from the output 

voltage with the voltage divides for the feedback control flow 
and this example will be compared with the reference voltage. 
In this way error rate will be found in PI regulator. An 

example will be taken from fully rectified sinusoidal by 
voltage divider. This example and error rate will be 
multiplicated. Result will show requested coil current. If 
current trough coil is less than requested current key will be 
active, if it is more switch will cut-off and control will be 
provided by microcontroller. Necessary way for control has 
shown in figure 6. 

 

 
Figure 6: Schematic Representation of Control Performed 

When PI regulators is writing with microcontroller for 
integral control 

 

              (1)

     
Microcontrolle

sequene. Code for microcontroller; 
 

  (2) 

             (3)

  
Coefficients must be considered. The PSIM circuit of the 

study is expressed by the combination of the DC/DC amplifier 
converter between the fully rectified state of the sinusoidal 
wave guide and the load as shown in figure  7. 

 

 
Figure 7: PFC-Boost circuit PSIM circuit diagram 

 
Feedback was with the microcontroller studies are done on 

PSIM, the microcontroller was given a triangle wave to serve 
as a timer. Output values fort he controlled variable values of 
the microcontroller are read. 

The fluctuation in the output voltage was found with the 
following equations; 

Voltage(V) 

Time(s) 

Harmonic(A) 

Freq.(Hz) 
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     (4) 

 
expressed by this equation.If the output voltage is assumed 

as constant DC; 
 

               (5) 

 
 5, 

 

                (6) 

 
If topology considered ideal can be considered as 

Pinput=Poutput in this situation, 
 

  (7) 

 
and from this equation. Id average value; 

 

       (8) 

 
Capacitor current has been found as; 

 

    (9) 

 
Output voltage oscillation value. it has been found as; 
 

       (10) 

 
As understand from here output voltage will fluctuate twice 

as much as the input frequency. 
If the input and output voltage is assumed to be constant to 

easily analyze the circuit from; 
 

                 (11) 

 

                                                          (12) 

 

which the switch is active, multiplied by the duration of the 
witch is the 

transmission. If we make circuit analysis for the duration of 

. 

                                     (13) 

 

                      (14) 

 
 

Switching frequeny calculated as; 
 

         (15) 

 
When the 11 no. equation reconsider from     
 
 

              (16) 

 
Equation appropriate coil value can be found. If we apply 

the PFC-Boost circuit, the 340Watt output power, which we 
evaluated in the first case with respect to the conventional full-
wave rectifier circuit, will be as shown in Figure 8 with the 
output voltage increased by 400DC with DC/DC amplifier 
conversion and the output load with the equivalent resistance 
of 470 ohms. 

 
 

 
Figure 8: PFC-Boost Input Current 

 

The FFT analysis of the current in Figure 8 will be as in 
Figure 9. 

 
 

 
Figure 9: PFC-Boost Input Current FFT Analysis 

 
As shown in Figure 9, the new power factor is calculated as 

95% and high harmonic formation will be avoided. 
The output voltage of the power factor booster circuit is 

1.75% voltage fluctuation between 403V and 396V as shown 
in Figure 10. 

Current(A) 

time(s) 

Harmonic(A) 
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Figure 10: PFC-Boost voltage output 

 
The switching frequency is shown in Figure 11. The 

switching frequency drops when the input maximum value is 
taken and decreases the switching losses. 

 

 
Figure 11 - Comparison of PFC-Boost gate signal and input voltage 

 
 

IV.  RESULTS 

A low-power factor harmonic system is adapted to high 
power factor and harmonic limits through a microcontroller. 
Power factor is scaled up from %37 to 95% and high harmonic 
signals are eliminated. Output voltage fluctuations are reduced 
to %1.75.  
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Abstract - Industrial communication protocols are standard 
languages that allow data exchange among industrial devices and 
systems. Nowadays, the most used industrial protocols are listed 
as Fieldbus, Profibus, Modbus, Canbus, Devicenet and 
Controlnet. But, electronic devices still widely use Modbus 
protocols. The Modbus protocol is divided into sub-protocols that 
allow communication via the serial line (Modbus RTU and 
Modbus ASCII) and Ethernet (Modbus TCP). Despite the 
diversity of industrial protocols, devices need to use a gateway to 
communicate with the same industrial protocol or perform 
protocol conversion in order to be able to exchange data between 
each other. In this study, FPGA based Modbus gateway device 
which performs communication between Modbus TCP and RTU 
is designed. The gateway device is also configurable through 
Modbus TCP. The designed device is tested with the application 
platform and the results are given.   
 

Keywords  FPGA, Modbus TCP, Modbus RTU, Gateway  
 

I. INTRODUCTION 

ODBUS, which is one of the most widely used industrial 
communication protocols today,  was developed in the 

1970's and new versions were created over time. Some of the 
biggest reasons for its widespread use are that it is easy, fast and 
open-source. Modbus was originally designed as a serial 
communication protocol. The Modbus serial communication 
protocol is divided into two basic sub-protocols, Modbus RTU 
and Modbus ASCII [1, 2]. With the development and 
widespread use of Ethernet technology, it became necessary to 
adapt the Modbus protocol to the Ethernet network and the 
Modbus TCP protocol was developed [3]. This means that 
devices on the serial line using the Modbus RTU protocol have 
to use a number of protocol converting devices to communicate 
with the devices on the Ethernet network using the Modbus 
TCP protocol. These converting devices are generally referred 
to gateways. A gateway is an interface that performs protocol 
conversion between networks that use different industrial 
communication protocols. 

In the literature, it is observed that different designs were 
implemented on different micro controllers for the protocol 
conversion process. In order to ensure communication between 
Modbus and FlexRay protocols, an application specific 
controller is designed using the XGATE processors with 16-bit 
RISC architecture [4]. In another study, a gateway was designed 
using the ARM7-based LPC2290 microcontroller and the 

Micro C/OS real-time operating system to control data 
exchange between Modbus TCP and Ethernet for Plant 
Automation (EPA) industrial Ethernet protocols. It provides 
bidirectional data flow between gateway EPA and Modbus 
protocols. [5]. A gateway was designed using the ARM Cortex 
M3 and the LM3S8962 microcontroller with an integrated 
Ethernet controller to transmit and link different RS485 
networks via Ethernet without changing the network structure 
and configuration [6]. Another gateway, designed using the 
Free-Modbus library created for the PIC32 microcontroller and 
embedded systems, aims to perform data exchange between 
different Modbus networks [7]. The gateway is designed using 
the STM32F007ZGT6 micro controller and various interfaces, 
which support Profibus, Devicenet, Ethernet / IP and Modbus 
RTU protocols commonly used in industrial systems. Modbus 
RTU is connected to UART interface while COMX interfaces 
is used for other protocols [8]. In another study, a gateway was 
designed for data exchange between Profibus-DP and Modbus 
RTU protocols for an industrial system. 32-bit ARM based 
STM32F103V microcontroller and peripheral modules are used 
for gateway design [9]. 

In this study, unlike microprocessor based gateway designs 
in the literature, FPGAs are used to perform protocol 
conversion between Modbus RTU and Modbus TCP protocols. 
Using hardware design features of FPGA, various hardware 
structures were created and at the same time an embedded 
processor and necessary peripheral units were created in it. The 
designed gateway can query both RTU and TCP protocols, thus 
it reduces the connection load of the master device. In addition, 
the gateway acts as a separate Modbus node, and all settings 
that related to the gateway are permanently stored in this node 
recorder. The master device can configure the gateway device. 
This configuration includes the IP addresses of the TCP nodes, 
the address and the baud rate of the RTU nodes to which the 
gateway is connected. 

This paper is organized as follows: in Section II, the Modbus 
protocol structure is described. In Section III, the system 
components are given. The software and application are 
presented in Section IV. Finally, in Section V results are 
illustrated. 

II. MODBUS PROTOCOL STRUCTURE 

OSI (Open system Interconnection) is a seven-layer 
reference model that defines network communication used by 
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the devices. Modbus protocol is an application layer messaging 
protocol that is positioned at level 7 of the OSI model that 
provides client/server communication between devices 
connected on different types of buses or networks [1]. 

Todays, the most used Modbus protocols are Modbus RTU 
that uses serial communication and Modbus TCP that uses the 
Ethernet line. Both Modbus protocols define a simple Protocol 
Data Unit (PDU) independent of the underlying communication 
layers. The mapping of Modbus protocol on specific buses or 
networks can introduce some additional fields on the 
Application Data Unit (ADU) [3]. The additional fields are 
different in each Modbus protocols. The general Modbus data 
structure is shown in Fig. 1. 

 

 
Figure 1: Modbus data structure format. 

Here, the protocol data unit that is common both Modbus 
protocols that contain two parts. The function code indicates to 
the server what kind of action to perform and the data field 
contains request and response parameters. 

A. Modbus RTU 

Modbus RTU is an open, serial type protocol supported from 
master/slave architecture. A master/slave type system has one 
master node that issues explicit commands to one of the slave 
nodes and processes responses. Slave nodes do not transmit 
data without a request from the master node, and do not 
communicates with the other slaves. Modbus protocol request 
format is established by the master node that contains device 
address, function code, all data and error detection part, 
respectively. And, also the slave node establishes the Modbus 
protocol response format that includes confirm action part, any 
data to be returned and error detection part. If an error occurs 
during communication, the slave node will establish an error 
message and sent it as a response. According to OSI reference 
network model, Modbus RTU protocol defines physical layer, 
data link layer and application layer. At the physical layer, the 
protocol can be used EIA/TIA-485 (RS485) or EIA/TIA-232 
(RS232) communication standards. These standards were 
established when Modbus was first developed. RS232 is for 
point to point, while RS485 is multi-drop applications. In Fig. 
2, the protocol structure and in Fig. 3 the layers of Modbus RTU 
protocols in OSI reference model are given. 

Address
(1 byte)

Function code
(1 byte)

Data
(0 - 252 byte)

CRC
(2 byte)

PDU

Modbus Serial Line Protocol

 
Figure 2: Modbus RTU protocol structure 
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Empty
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Modbus Serial Line Protocol

EIA/TIA-485 (EIA/TIA-232 )

Modbus Application Layer
Client / Server

Modbus Master/Slave

EIA/TIA-485
 

Figure 3: Modbus RTU protocol OSI layers [2] 

On Modbus RTU protocol, the address field contains slave 
address. The individual slave nodes are assigned address in the 
range of 1 to 247. A master addresses a slave by placing the 
slave address in the address field of the message. When the 
slave returns its response, it places its own address field to let 
the master know which slave is responding. The error-checking 
field is based on  Cyclical Redundancy Checking (CRC) 
method that performed on the message contents. It contains a 
16-bit value implemented as two 8-bit bytes. 

B. Modbus TCP 

The Modbus TCP protocol is basically the implementation of 
the Modbus RTU protocol via the TCP interface over Ethernet. 
The protocol provides a client/server communication between 
nodes that connected on an Ethernet TCP/IP network. Here, 
TCP and IP refer to Transmission Control Protocol and Internet 
Protocol, respectively. The primarily function of TCP is to 
ensure that all the packets of data are received correctly, while 
IP makes sure that messages are correctly addressed and routed. 
The TCP/IP combination is merely a transport protocol, and 
does not define what the data means or how the data is to be 
interpreted. In general, Modbus TCP protocol uses TCP/IP and 
Ethernet to carry of Modbus message between the devices 
connected to the network. That is, Modbus TCP/IP combines 
an Ethernet physical network with networking standard TCP/IP 
and a standard Modbus protocol data unit [12]. 

When the OSI model is considered for Modbus TCP, the 
physical layer and the data link layer operate together and 
named as network transport layer. The network transport layer 
is the bottom layer of the four-layer Modbus TCP-OCI model 
and describe how to data send to the physical network by the 
help of Ethernet physical layer. The data bits are transmitted by 
converting electrical or optic signals via RJ-45 connection 
socket and the CAT5 or CAT6 Ethernet cable. The network 
layer and the transport layer are used IP, ARP and TCP, 
respectively. Finally, at the top three layers (session layer, 
transportation layer and application layer) define the Modbus 
application layer. Fig. 4, shows us the Modbus TCP protocols 
in terms of the reference OSI model and Figure 5 shows the 
protocol structure. 
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Figure 4: Modbus TCP protocol OSI layers 

 
Figure 5: Modbus TCP protocol structure 

Since TCP is a connection-oriented protocol, it must establish 
a connection before transferring data. For the communication 
between devices, Modbus TCP connection require source 
address, destination address and connection ID. The master 
(client) device establishes a connection with the slave (server) 
devices. The server waits for an incoming connection from the 
client. Once a connection is established, the server then respond 
to the queries from the client until the client closes the 
connection [13]. The client and servers listen and receive 
Modbus data via port 502. In practice, Modbus TCP embeds a 
standard Modbus data frame into a TCP frame, without the 
Modbus checksum, as shown in the diagram given Fig. 6.  

Function
Code

Data CRCAddress

Function
Code

Data

Function
Code

DataUnit ID
Protocol
Idenfies

Length Field
Transaction

Idenfier

Modbus Application Protocol (MBAP) Header
(7 byte)

Protocol Data Unit (PDU)

(1 byte)(1 byte)(2 byte)(2 byte)(2 byte)

Modbus TCP/IP ADU

Application Data Unit (ADU)

 
Figure 6: Modbus TCP protocol Application Data Unit [12] 

Modbus TCP application data unit contains a MBAP header 
beside the traditional protocol data unit. MBAP header consist 
of 2-byte transaction identifier, 2-byte protocol identifier, 2-
byte length and 1-byte unit identifier. The transaction identifier 
field is used for transaction pairing when multiple messages are 
sent along the same TCP connection by a client without waiting 
for a prior response. The protocol identifier field is always zero 
for Modbus communication. The length field is a byte count of 
the remaining fields and includes the unit identifier byte, 
function code byte and the data fields. The unit identifier is used 
to identify a remote server located on a non TCP/IP network 
[14]. 

III. SYSTEM COMPONENTS 

In this section, the hardware of the designed gateway and the 
modules on the experimental setup are introduced. The basic 
elements of the system are FPGA, Wiznet TCP connection 
module, PLC, Modbus RTU and TCP input/output modules, 
network switch and RS-485 converter circuit. 

A. FPGA 

Field Programmable Gate Array (FPGA) is an integrated 
circuit that contains a brunch of logic gates and input/output 
circuitry. It has some important characteristics; highly 
integrated, fast computer speed, could be parallel and online 
programmed. In this study, a protocol gateway is designed to 
convert the Modbus RTU and TCP protocols to each other on 
FPGA. The components of the board are shown in Fig. 7. 

 
Figure 7: DE0-Nano FPGA Board [10] 

As a program development tool, Altera's Quartus II 
programming software has been preferred. To design the 
gateway, the FPGA is used both the hardware design feature as 
well as the processor embedding feature. The VHDL language 
is used for the hardware design. A 32-bit SPI module is 
designed to communicate with the Wiznet module on the DE0 
Nano and also I2C module is designed to communicate with the 
DE0 Nano and EEPROM module that is on it. The software 
processor is designed by using Qsys System Integration Tool. 
The C language was used for the program embedded in the 
processor and the Nios II Software Build Tool for Eclipse was 
used for Eclipse in the Quartus II platform. 

B. Wiznet TCP connection Module 

WizNet module is a kind of hardware TCP/IP Ethernet 
controller that provides internet connection to embedded 
systems. It contains a TCP/IP stack, MAC Ethernet and 
physical layer within a single chip, and allows the user to use 
an internet connection to their system. Fig. 8 shows the general 
form of the WizNet module. 

 
Figure 8: WizNet TCP Connection Modul [11] 

The WizNet module uses a Serial Peripheral Interface (SPI) 
connection to communicate with embedded systems. SPI is a 
synchronous data link standard running in full-duplex mode. 
The SPI interface was designed using the VHDL programming 
language within the FPGA to communicate with this unit using 
the structure designed by Qsys. 

C. PLC and Modbus I/O Modules and Network Switch 

For the experimental test system., ILC150ETH PLC of 
Phoenix Contact is used. ILC150ETH is a device that can 
communicate with TCP/IP compatible devices and supports the 
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Modbus TCP protocol. The PLC-based application program 
using the PC-Worx software is used to communicate with the 
FPGA-based Modbus gateway and other devices on the 
network. 

And also, ADAM Modbus RTU and TCP modules of 
Advantech and IL ETH BK DI8 DO4 Modbus TCP modules of 
Phoenix are used as Modbus RTU and TCP units for the test 
system. 

D. RS-485 Converter Circuit 

When communicating with Modbus RTU, it is needed an 
additional circuit between the FPGA and Modbus RTU. 
Generally, MAX 485 integrated circuit is used to for this 
adaption. The schematic of designed the RS-485 converter 
circuit is shown in Fig.9. 

 
Figure 9: MAX 485 and FPGA connection circuit 

IV. SOFTWARE AND APPLICATION 

The most important component of the network is the FPGA. 
The FPGA's software can be examined in two parts. Among 
these, Qsys is the software of the peripheral devices which are 
created with the system integration tool. In ordinary 
microcontroller systems, the number and possibilities of 
peripheral equipment provided by the manufacturer are limited, 
often not changeable (number of timers and bits, number of 
serial communication ports, etc.). With the Qsys software, 
desired number of hardware with desired properties can be set 
by being limited with the number of elements of the FPGA type. 
These adjustments are then translated into VHDL or Verilog 
code by Qsys. Fig. 11 shows the system structure created on 
Qsys. The second part of the software is again the program of 
the selected processor in Qsys system integration tool. Eclipse 
programming tool is used to create the software that is going to 
be operated by the created CPU. In this tool the program is 
prepared in C language, compiled and sent to FPGA. In order 
for this transmission to take place, the VHDL program created 
with Qsys software must first be compiled and loaded into the 
FPGA. There is no flash memory that can be programmed in 
the FPGA. For this reason, the memory on DE0-Nano set 
contains two programs which is automatically transferred to the 
FPGA whenever the system is energized. 

It is possible to add and modify the system structure created 
in the first phase of the software after converted into VHDL 
code. The peripheral equipment that is often required to be 
created cannot be created with the structures presented in the 
Qsys library. For example, the VHDL software for the 32-bit 
SPI communications equipment required by the Wiznet TCP/IP 

module is created by modifying an existing library. In addition, 
the software of RS-485 serial communication equipment with 
256-byte buffer that communicates with Modbus RTU modules 
is created with external library components which are obtained 
from external sources and are still in development stage. When 
the gateway system is started, it first reads the configuration 
information from the external EEPROM. This data can also be 
set using the Modbus protocol. After this point, the gateway 
establishes the socket connection with its connected Modbus 
TCP devices (this is not necessary for RTU devices). It then 
goes on standby for requests from the main device. 

The master device selects the desired device by changing the 
unit identifier on the protocol. Depending on the gateway 
configuration, the incoming request is forwarded to the related 
device. If the request comes for a Modbus TCP device, only the 
unit identifier is replaced with zero and the unit identifier is 
restored and sent to the master device in response from the slave 
device. If the request comes for the Modbus RTU device, the 
data is sent to the serial interface by adding the CRC and the 
unit identifier then the response data is received from the slave 
device (CRC of the incoming data is also checked), and the unit 
identifier is restored and sent again to the master device. 

The responses to the buffer used for serial communication 
through the hardware waits until the operation sequence. A 256-
byte buffer is created considering the limits of the Modbus RTU 
protocol. In Fig. 12, the entire data stream in the system is 
shown. The system uses four Modbus TCP and two Modbus 
RTU devices. In addition, Phoenix Contact ILC150ETH PLC 
has been added to the system as the master unit. Also, a network 
switch with port mirroring capability is used in the system, so 
that the system can be monitored. A picture of the application 
platform of the system is given in Fig. 10 

 

Figure 10: The experimental setup 

The IP configuration of the devices used in the system is 
shown in Table 1. 

Device IP Adress 
Gateway 192.168.1.1 

PLC 192.168.1.100 
ADAM 6066 (1) 192.168.1.33 
ADAM 6066 (2) 192.168.1.34 

IL ETH BK DI8 DO4 (1) 192.168.1.35 
IL ETH BK DI8 DO4 (2) 192.168.1.36 
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Figure 11: The system structure designed via Qsys environment

 

 

 

Figure 12: System data flow 

 

The operation of the network was followed by Wireshark 
software. In this way, the communication of the network with 
both the PLC and the dependent devices can be monitored. 
Although all devices are on the same network, the entire data 
stream is passed through the gateway. Since observed packets 
are received over the Ethernet network, only TCP protocol 
flows can be observed (RTU flows are not displayed). Fig.13 
shows packet flows. 

V. CONCLUSION 

In this study, a gateway was created using FPGA. The 
gateway has reduced the communication load of the master 
device by connecting both Modbus RTU and Modbus TCP 
devices. Since the majority of industrial devices use embedded 
systems, the number of connection sockets that can be created 
is very small. For example, this limit is eight for the PLC used 
in the application. Thanks to the gateway, the PLC only creates 
one socket connection and the remaining communication 
sockets can be used for other purposes. 
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Figure 13: The packet flows  of the system
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Abstract - 
application on direct current transmission discussed. The 
virtual fault current and voltage signals analyzed by using 
Stockwell transform employed to determine the locations of 
single phase-ground faults. While the traditional methods like 
Short Time Fourier Transform (STFT) give us the time-
frequency resolution information about the signal, the 
constant window width, and 
of nonstationary signals lead us to find new approaches. So, 
both to reveal system dynamics and to keep time-frequency-
magnitude and phase information properly is important to 
locate fault km on high voltage direct current transmission 
systems. Also, support vector machines are employed to 
estimate the locations of single-phase ground faults. 
 

Keywords - Stockwell Transform, HVDC transmission 
lines, Support Vector Machines, fault location estimation.  
 

I. INTRODUCTION 

igh Voltage Direct Current (HVDC) transmission has 
a crucial role both long distance transmission and 
interconnection of different frequency systems. Also, 

the classical applications of HVDC systems like bulk 
power transmission over long distances and integration of 
renewable energy sources to the mainland emerge its 
advantages against the AC transmission systems. In 
practical applications, converting of AC transmission lines 
to HVDC lines possess some superiorities as follows: 
upgrading capacity levels, fever corona effects, higher 
operating voltage characteristics, better active and reactive 
control, lower transmission losses and better stability 
levels of grids. Another motivation that needs to be 
mentioned is here the fast-developing switching 
components and the applications of power electronics in 
power transmission systems. By the emerging of 
conversion switches like thyristors and transistors 
accelerated the capacity of power transmission systems to 
withstand high voltages levels. Even if considerable 
progress in power transmission ratings and improvements 
on the reliability of thyristors enabled the competitiveness 

of HVDC systems, the cost of converter stations and the 
need of active-reactive power on the stage of conversion 
are some important issues to deal with in HVDC 
transmission. Thus traditionally, the DC transmission 
option has been considered economically feasible only 
when the transmission distances are higher than 450 km for 
overhead transmission. DC transmission is also an 
appropriate solution for the sea interconnections with the 
distances over 50 km. Besides the transmission capacity 
and other technical considerations, converter stations and 
the conversion process of AC to DC using high switching 
elements has got started more attention through voltage 
source converter (VSC) technologies. A detailed 
information can be found in references [1], [2], [3]. HVDC 
converter station and DC transmission line control 
strategies basically consist of different protection levels, 
but this paper will be focus only the dc transmission lines 
fault techniques [4] and discuss new protection strategies 
for this purpose. In HVDC systems, the most commonly 
used fault detection and protection algorithms are 
differential protection, traveling wave protection [5], over 
current and under voltage derivatives protection.However, 
traditional traveling wave protection of HVDC systems has 
some disadvantaged under high impedances faults and also 
need data synchronization when considering two end 
terminal measurement. Also, impedance measurement, 
Fourier based signal processing methods and wavelet 
transform are some of the most preferred techniques in the 
literature for fault analysis in DC transmission systems. 
 

In reference [6], the authors propose an S-transform 
based pilot protection which uses the polarities of fault 
current and voltage signals to identify the fault direction. 
Another study of S-transform based fault identification is 
introduced in [7], the authors used both the time intervals 
of faults to predict the disturbances and represent the fault 
current waveforms using contour lines in the sample-
frequency domain. Also, S-transform is applied in many 
areas to fulfill task such as; detection of voltage sag/swell 
and harmonics in transmission lines in [8],[9], power 
quality analysis in [10], high impedance faults and 

Stockwell Transform and Its Performance 
Comparison on the Stage of Fault Estimation 
in High Voltage Direct Current Transmission 

Lines 
1 and 2  

1  University, /Turkey, funal@firat.edu.tr 
2  University, /Turkey, sekici@firat.edu.tr  

H 

520 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



transient phenomenon like(load switching, capacitor 
switching) in [11], diagnosing broken strands in 
transmission lines in [12] and power systems disturbances 
recognition in [13]. 
 

In this study, we will use a monopolar HVDC 
transmission system which is simplified equivalent circuit 

The 
obtained current and voltage signals are used for feature 
extraction stage to represent the fault signals and the actual 
fault distance. In the feature extraction process, S-
Transform technique has been used and the performance 
evaluations are tested at the stage of fault estimation on DC 
transmission line. 

II. STOCKWELL TRANSFORM 

The S-transform is a method for using time-frequency 
representation of signals and firstly is proposed by 
Stockwell and colleagues in 1996 [14]. S-Transform 
represents frequency dependent resolution for time-
frequency domain and refers to local phase information. In 
another point of view, S-Transform can be derived both 
from Continuous Wavelet Transform (CWT) by using 
'phase correction' and STFT using scalable Gaussian 
window. In this study, we will also derive S-Transform 
using phase correction of CWT [14]. The CWT  of 
a function  is given in eq.(1) 
 

 (1) 

 
where  is scaled copy of fundemental mother 

wavelet,  represents a function of time,  denotes 
spectral domain coordinates and  represents the width of 
mother wavelet for controlling resolution of the time-
frequency domain. The S-Transform of a function  is 
calculated with specific mother wavelet multiplied by the 
phase factor. The S-transform of a function  is given 
in eq.(2) [15],[14]. 
 

 (2) 
 

where the mother wavelet is preferred as the Gaussian 
window, and its mathematical equation is given in eq.(3)  
 

  (3) 

 
Finally, both the equations (2) and (3) rearranged in eq.(4) 
 

 (4) 

 
The relation between Fourier transform and S transform 

the respectively given in eq.(5) and eq.(6). 
 

(5) (5) 

 (6) 

 
The S transform of a signal by taking the advantages of 

Fourier spectrum can be written as in eq.(7). 
 

  (7) 

 
The discrete analog values of eq.(9) can be calculated 

by taking advantages of Fast Fourier Transform(FFT) and 
convolution theorem. So, the spectrum of the signals can 
be decomposed into both real and imaginary components 
independently by not necessary to translate of the signal 
into the cosinusoid basis functions and thus S transform 
can be localize both the phase and the amplitude spectrum 
[8]. S transform analysis results can be considered a 
complex valued matrix and each row of the matrix gives us 
the frequency resolution of different time intervals while 
each column of the matrix also contains the magnitude and 
phase information. 
 

There are two important issues must be mentioned in S 
transform analysis. The first one is the normalization factor 

which is represented as mathematically  
normalizes the Gaussian window to have a unit area and 
thus the amplitude response is not dependant on frequency. 
Secondly, is phase factor and represented mathematically 

as  which are employed to generate the real 

and imaginary parts of the amplitude spectrum [16]. The S 
transform also gives us an extension of the instantaneous 
frequency of one dimensional signals which is called voice. 
The parameters of one dimentional signal  and  are used 
to represent a particular frequency level and mathematical 
expression is given in eq.(8). 
 

 (8) 
 

where  and  represent the amplitude and phase 

can be determined by using the phase information  
which is obtained from Bracewell equations [Bracewell, 
1978] in some case the voice isolates a particular frequency 

with a constant frequency  [17]. This mathematical 
expression is given in eq. (9). 
 

 (9) 
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III. SIMULATION STUDY AND S- TRANSFORM 

ANALYSIS 

A. Steady-State and Fault Conditions of HVDC 
Transmission Line 

In this study, we will use a monopolar HVDC 
transmission system to obtain steady-state and fault 
analysis in Matlab/Simulink. DC line is 300 km length and 
both rectifier and inverter station uses 12 pulse converter. 
There are two breakers, 0.5 H reactors, and AC filters at 
both sides of rectifier and inverter.The DC line is a 1000 
MW (500 kV, 2 kA) interconnections of two different grid. 
Rectifier side has a 500 kA, 5000 MVA 60 Hz AC network 
and inverter side has a 345 kV, 10000 MVA, 50 Hz AC 
network. In simulation, DC currents (IdR ve IdI) and DC 
voltages (Vd_LR ve Vd_LI) defined in control blocks are 
scaled to p.u (1 p.u. current=2 kA, 1 p.u. voltage=500 kV). 
There is also another control system which is called 

ferences for 
both converters and initiates the starting and stopping of 
the DC power transmission The DC transmission line 
properties are given in Table I. 
 
 

 
Table 1.Properties of DC transmission line in the simulation 
 

Transmission Line Properties 
Length 300 km 
Class Distributed parameter 
Circuit Structure Serial RLC 
Connection Style single phase-ground 
Smoothing Reactors 0.5 H (2 units) 
Primary voltage 0.90  (rectifier side) 

0.96  (inverter side) 
Sampling Time (s) -6 s 
DC line voltage (kV) 500 kV 
DC line current (kA) 2 kA 
Fault resistance Rd Ron (1 ohm) 
Grid frequency 50 / 60 Hz 
Multiplication factor 1:100 
Per km; 

Resistance 
Inductance 

Capacitance 

 
0.015 ohm/km 
0.792.10-3  H/km 
14.4.10-9 F/km 

 
The screenshot of the simulation is demonstrated in Fig .1 
 

 
Figure 1.12 pulses monopolar HVDC system and equipment in the simulation study 

 
 

In this simulation study, the fault current and voltage 
signals are recorded between 15.km and 285.km of DC line 
while the single phase-ground fault time interval kept 
constant for each case and defined between [0.7-0.8] 
seconds.  
 

At the beginning of fault application, current increases 
to approximately 2.2 pu and DC voltage falls to zero at the 
rectifier. The Voltage-Dependent Order Limiter (VDOL) 
and DC protection detect the variation of both current and 

voltage signals and when the voltage falls into the negative 
region, the protection algorithm is on mode and firing angle  
is forced to 166 degrees. Then, rectifier operates in inverter 
mode until the recovery of DC voltage and current is made. 
 
S-transformation has been applied to the first 20 ms part of 
current and voltage signals after the fault beginning and 
different notations such as time-frequency, time-maximum 
amplitude, time-frequency contour curves are obtained. 
Different fault kms and different fault resistances (Ron=1 
ohm, 10 ohm, 100 ohm) also tested for ensuring the 
feasibility of the proposed method in praticial applications. 
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In order for the dynamic characteristics of the signals to be 
represented accurately, some useful properties such as the 
standard deviation of signals, energy and Shannon entropy 
values and maximum average amplitude values have 
determined. The alternation in both current and voltage 
signals for  normal and faulted conditions has given in 
Fig.2 

 

 
Figure 2. Current and voltage signals of dc line at 15.km 

(rectifier side); (a) steady state operation, (b) fault signals at 0.7 
s. 

 
As mentioned before, the fault signals and 

predetermined other suitable features represent the input 
variables for Least Squares Support Vector Machines (LS-
SVM) at the stage of fault estimation. The size of those 
input vectors, which consist of 8 features of both voltage 
and current signals is [8x270] and also the sampling time 
of S transform has determined as  s. In contrast to 
STFT analysis, S transform gives more accurate time-
frequency resolutions at different frequency levels because 
of taking advantages of variable Gaussian window and also 
some disadvantages encountered in CWT such as the 
elimination of high-frequency components are no longer 
issue for S transform.  Different representations of the S 
transform of the fault voltage and current signals at the 15th 
km of the dc line are given in Fig.3 and Fig. 4 respectively.  
 

 

 
Figure 3: The S transform of the first 20 ms part after the 

beginning of the fault voltage  signal 

 

 
Figure 4: The S transform of the first 20 ms part after the 

beginning of the fault current signal.
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IV. EVALUATION OF PERFORMANCE OF LS-SVM AT FAULT 

DISTANCE ESTIMATION PROCESS 

SVM is a classification method based on statistical learning 
theory, optimization theory and Vapnik-Chervonenkis 
dimension theory [18], [19]. The SVM method can be thought 
of as transferring the original input space data to the multi-
dimensional feature space, which can be linearized by an 
optimally formed separating plane. In SVM method, consisting 
of N observation in n-dimensional space, each data vector of a 
single data pair and is 
defined by the class label corresponding to this data vector. The 
input data of first class  and input data belonging to 
the second class  is grouped by using any f(x) 
hyperplane selected for the classification process [20]. The 
mathematical representation of f(x) hyperplane defined for 
classification process is given in Eq. (10) and (11). 

 
 (10) 

 (11) 
 

where  is an n-dimensional vector and  is a threshold 
value. SVM places the original input space data in the feature 
space with though kernel function and support vectors specified 
around the hyperplane. The linear decision function in binary 
form, which transfers  to  dimension and F feature space 

using a nonlinear vector function  is 
given in Eq. (12). 
 

 (12) 
 

where  are the optimal solution for binary problems of  
and the values in this equation  represent 
Lagrange multipliers. LS-SVM regression method is a 
rearrangement of standard SVM and it is created by combining 
different approaches such as regularization networks, Gaussian 
process, Fisher discriminant analysis, reproducing kernel 
function in Hilbert Space (RKHS) [21]. LS-SVM models used 
in classification and non-linear regression process are derived 
from linear Karush-Kuhn-Tucker (KKT) systems. In LS-SVM, 

[21]. 
Firstly, the expression of inequality in SVM has taken the place 
of equality. Thus, the 1 value on the right side of the equation 
considering as a threshold becomes the target value. This target 
value allows misclassifications until error value  is 
determined which result from the spread of intersection regions 
of projection function. In the second arrangement, this error 
variable is used as a square expression  in LS-SVM. 

Mathematical expressions of these regularizations proposed by 
Suykens are given Eq. (13). 
 

 (13) 

 
where  represents the error value,  is regularization 

constant,  is n-dimensional vector of the output layer and  is 
the threshold value. In this study LS-SVM method preferred 
over the fault prediction stage for reasons such as using  
(gamma) and  (sigma) parameters that reduce training error 
and regulate the sensitivity of the hyperplane. The estimation of 
LS SVM and regression values are given in Fig.5. 
 

 
(a) 

 
(b) 

Figure 5. Estimation Results of S Transform-LS SVM application at 
testing stage (a) fault locations (b) regression values 
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The regularization parameters monitor the relevance between 
training error reduction and separation surface sensitivity. In the 
study, a radial basis kernel function has used to improve the 
results accuracy and also the input datasets have distributed as 
60% for training, 20% for testing and 20% for validation. 

V. CONCLUSION 

under different fault locations and fault resistances in 
monopolar DC transmission lines. After the virtual fault signals 
has recorded in Matlab/Simulink environment, some 
distinguishing features such as signals energy, Shannon 
entropy, standard deviation of signals and maximum average 
amplitude has assigned for accurately represent signal 
dynamics. At the stage of fault location-estimation, LS SVM 
method has utilized and the results have compared under 
different scenarios. 
and fault estimation process, S transform possess superiorities 
such as stability at high-frequency levels, scalable Gaussian 
window and determining sudden changes. In the future 
applications, S transform analysis can implement on bipolar and 
multi-terminal HVDC transmission systems and the 
performances of the proposed algorithms can investigate under 
different scenarios. 
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Abstract - Generators for wind power plants has much 
importance to obtain long life and durability because of the hard 
environmental conditions. Especially, overseas application has 
extreme conditions such as wide range temperatures and 
humidity. In order to obtain high durability, low maintenance or 
no maintenance generators may have good option to install long 
life wind power plant. Asynchronous generator has no 
maintenance and only three capacitors are adequate to produce 
energy. On the contrary voltage regulation is not easy. Three 
parameters, revaluation per minute, connected capacitors and 
load characteristic affect the voltage regulation. Especially in 
order to obtain constant frequency and regulated voltage is not 
easy. Only one parameter is capacitor to regulate the voltage. In 
this study, an offline application targeted and voltage regulation 
is addressed for inconstant load. This study offer a mathematical 
approach to prediction capacitor value using non-linear 
regression based on experimental results.  

 
Keywords - Wind power, Asynchronous generator, Non-linear 

Regression, Capacitor switching.  
 

I. INTRODUCTION 

ind power is a renewable energy power that it has 
increasing popularity in application. Unlike sun based 
power plants, wind power has extreme conditions to 

produce energy [1-2]. Especially overseas application has 
extreme conditions such as wide temperature alteration and 
wind force [3-4]. Maintenance is one of the biggest problems 
of the wind power application.  Asynchronous generator is 
same structure with induction motor structure and has a 
squirrel cage as it. Thus Asynchronous generator has no 
maintenance through the life. Moreover Asynchronous 
generator has no excitation input to regulate the power [5-7]. 
Revaluation per minute (RPM) and capacitor are simple way 
to obtain voltage regulation for inconstant load. In this study, 
an offline generator application is designed to obtain 
experimental results. In order to regulate the generated voltage 
is used capacitors group related load. Generally capacitors are 
switched by dry contact structure regarding capacitor current 
and voltage [8-9]. Capacitors values are divided according to 
binary counting method to obtain maximum resolution. Thus 
maximum voltage regulation quality may obtain. Regulation 
by capacitors is not expensive and cost effective method to 

obtain adequate regulation. Following section is devoted to 
material method and experimental results to evaluate.  
 

II. MATERIALS AND METHOD 

Asynchronous generator is robust generator to produce 
wind power energy. Moreover asynchronous generator has no 
maintenance compared to other generator models and its 
maintenance time related to ball-bearing and roller quality. On 
the contrary, Asynchronous generator has no excitation voltage 
input to regulate the output voltage. Output voltage is can be 
obtained easily just connecting a capacitor at adequate rpm. 
Obtained voltage regulation depends on load and rpm constant 
characteristics. An experimental system was installed to test 
asynchronous generator for different loads. Obtained capacitor 
and RPM were noted to evaluate and create a regression. Fig. 
1 shows a SEIG application for offline application.  

 

Figure 1: SEIG connection for offline in a wind power application 

 
Capacitor is one of the most important parameter to obtain 

voltage regulation because of its cost effective and easy 
solution. Capacitor must be chosen regarding current and 
voltage consideration to install robust structure. In order to 
obtain maximum resolution, generally capacitors divided in 
groups regarding binary counting system [10-11]. 

Load characteristic is determined by adjustable resistive 
load. In order to obtain different loads three pieces 15 Watts 
(W) and three pieces 28W bulbs used. Total load can be 
arranged to 120W.  

In order to regulate the output voltage, 0.22uF, 0.47uF, 1uF, 
2uF and 4uF capacitors are used. Maximum capacitor is 
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handled as 3.69uF to regulate output voltage. Fig. 2 shows 
motor, generator and coupling. 

 

 
Figure 2: SEIG and PMSM motor is coupled to each others 

 
Experimental system includes measuring circuits to obtain 

voltage and current. Capacitors are connected each others as 
delta connection and Load is connected as star. Fig. 3 shows 
experiment setup, capacitors, loads and etc. 

 

 
Figure 3: Used experimental setup for testing of SEIG 

 
PMSM driver can be controlled by manually and computer 

to obtain high resolution rpm. Especially PMSM was chosen 
as higher than SEIG to reduce rpm collapsing by load 
characteristics. This is lead to obtain high accuracy for target 
equation. PMSM motor simulates wind power, SEIG generates 
energy and capacitor regulates to generated voltages related to 
load characteristics.  

PMSM motor is 3000 RPM and 750W. Number of 
capacitors is 10.  

SEIG is 250W and 1390 RPM induction motor. In order to 
simulate the wind flow power, computer controlled 
synchronous motor (750W) and synchronous motor driver unit 
were used. Basic connection of experiment setup block 
diagram was shown Fig. 4. 

 

 
Figure 4: Block diagram of proposed system 

 
In order to test the system, wind power simulated by 

computer controlled PMSM driver and PMSM motor. PSMS 
motor is 300W and has higher RPM than the SEIG to test over 
RPM behavior of SEIG output. C0 capacitor was arranged as 
start-up capacitors obtain firs starting. There is no need to 
switch start-up capacitor. The rest ones includes on it to 
increase the capacitor value. 

Computer can control the PMSM motor from zero to 1500 
RPM with 0.1 Hz resolution. We aim to obtain constant speed 
to obtain certain capacitor value to regulate the output voltage.   

Capacitors are connected as delta connection among the 
SEIG windings as Fig. 5. Computer collects the current and 
voltage values as real time from the experimental system to 
storage. Analogue digital converter has 12 bit resolution and 
evaluates the current 0.1Ampere resolution. 

Collected current and voltage values are used to evaluate in 
non-linear regression to obtain capacitor characteristics. 

Non-linear regression is a way to find out a solution 
between inputs and output [12-14]. A non-linear model is 
based on least squared method (LSM) to find solution between 
capacitor value and inputs.  LSM is widely used to find a 
solution between input and output. Moreover system is not be 
linear and gives fast solution [15-17].  

 

            (1) 

 
LSM finds a polynomial approaching between capacitor 

value and inputs. Here is solution is not linear to reduce 
prediction error. 

 

 (2) 

 
LSM is a method to find a solution between inputs and 

outputs regarding minimum total error.  
 

III. TEST AND RESULTS 

Proposed off line SEIG application was designed and tested 
with 250W SEIG. A higher motor is coupled to SEIG to 
simulate the wind. PMSM motor especially was chosen higher 
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power than the SEIG to evaluate SEIG characteristic at over 
speed wind power. Fig. 5 shows Computer connection of ADC 
to obtain current and voltage values. In this study, current was 
obtained from 0 to 2A and voltage was obtained 0 to 440Volts 
phase to phase. 

 

 
Figure 5: Designed electronics card to read generator current and 

voltage 

 
Wind power simulates by PMSM motor. PMSM motor is 

driven by PMSM driver and speed of PMSM motor is 
changeable manually.  As first, SEIG generator was excited by 
PMSM motor at determined speed to find out. Fig. 6 shows 
created graphic using experimental real application data.  

 

 
Figure 6: Relationship among load, and inputs (current, voltage 

and capacitor) 

 
According to experimental results, curve fitting software is 

used to calculate and to obtain a function to describe the 
targeted capacitor related to load capacity. Curve fitting 
software uses the least squared model to obtain the function 
and shown Equ. 3  

 
   (3) 

 
Where, x1 is rpm, x2 is generated voltage by generator and 

x3 is current.  
y curve shows capacitor value. Electronics control unit 

related to current instant capacitor values and combined one or 

more capacitor each other to obtain target capacitor. Capacitor 
are sequenced 1x, 2x, 4x and etc as inspired from binary 
counting system.  

Table 1 shows used and calculated capacitor values for 
same target voltage. In the application, 6 capacitors are 
combined as 2, 0.47, 0.22, 3uF. 

Table 1: Capacitors Values. 

Capacitor Values 
 Max Average Min 

Experimented 4uF 3uF 2uF 
Calculated 3.91uF 2.71uF 1.51uF 

 
From Table 1, calculated capacitor by Equ.4 is close to real 

experimented value. Table 2 shows maximum and minimum 

maximum error is obtained at 1500 RPM and there is no load 
during the max error. On the contrary, minimum error is 
obtained at 1400 RPM with 45W load characteristic. 

Table 2: Capacitor Errors Situations. 

Capacitor Error Situations 
 Speed Current Voltage  Load Max 

Max. Err @1500 @0.88 @454 @0 0.46 
Min. Err. @1400 @0.58 @352 @45 0 
Average      -0.29 

 
From the Table 3, maximum error value situation is 

measured at no load running at 1500 RPM with 4uF capacitor 
using Equ.4. Voltage can be calculated as reverse for 
calculated capacitor.  

Table 3: Voltage regulation at max, min and average error points. 

Line Regulation (%) 
 Target voltage Obtain. Voltage % 

No load 454 537 15.4 
45W  352 352 0 

84W  424 480.37 11.73 

 
From the Table 2, maximum error value situation is 

measured at no load running at 1500. Capacitor could be 
calculated using Equ.3 according to load characteristics 
instantly.  

Function is obtained using Curve Expert 1.3 which is free 
on its own website and downloadable [18]. Curve Expert finds 
curves between inputs values and output.  

 

IV. EVALUATION OF THE RESULTS 

In this study, a SEIG application was applied and obtained 
real values related to load and SEIG characteristics. Although 
a SEIG application looks easier. It is not easy to obtain good 
line regulation related to redundant parameters redundancy. In 
this study, in order to control the line regulation real voltage 
current and speed are used and using these three parameters 
Equ.3 was created via curve expert 1.3. Obtained curve based 
on least squared method to find best approximation between 
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inputs and outputs. Curve expert calculated the Equ.3 with 
0.92% success evaluated with R2 as 0.915248. R2 is a way to 
measure of the success in literature and shows similarities of 
two variables [19-20]. During real application after 
experimental testing, average line regulation success obtained 
lower than 11.7%.  

 

V. CONCLUSION 

In this study, induction motor was used as generator to 
reduce maintenance and run under hard conditions such as 
cold weather conditions. This kind of application just needs 
capacitors to run and control the generated voltage. Because of 
this simplicity, induction generator has importance advance in 
hard running condition especially north countries which have 
strong winter seasons. This study uses capacitors groups to 
switch related to load characteristics to obtain line voltage 
regulation. Although SEIG characteristics depend on more 
than one parameter, load current, capacitors, speed, studied 
approximated function finds optimum line regulation with 
measuring only current, speed and voltage as closed system. 
The obtained function can be reached the experimental real 
results lower than 11.3%. Moreover, success can be improved 
by increasing the binary combination length of capacitor. In 
addition the small error percentage, through the load 
increasing regulation characteristic gets better than no load 
running. These results encourage us to use SEIG in wind 
power generation.  
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Abstract - Abstract 
The use of BIPV as on-site renewable energy source is 

becoming popular in energy efficient high rise buildings due 
to its limited roof areas and wide  Central 
Anatolia climate is cold but absorb high solar radiation all 
year round. With the increase in the number of houses in 
Turkey, the amount of energy consumed in the housing 
sector and the associated CO2 emissions are increasing. In 
this study, electricity production of a building integrated 
photovoltaic panel system (BIPV) on the two 
apartment building in Konya is theoretically investigated 
by simulations conducted in ESP-r building energy 
simulation tool. Electricity production model of BIPV 
system is created in ESP-r. Electricity consumption of the 
apartment in the building is obtained by using electricity 
bills and survey data. Techno-economic analyzes of BIPV 
system, energy savings achieved and reductions in 
greenhouse gas emissions have been calculated. Hourly 
climate data, technical data of solar energy system and 
economic analysis data are used in the calculations.  

 

Keywords - Building-Integrated Photovoltaic, BIPV, zero 
energy building, economic analysis, ESP-r 

 

I. INTRODUCTION 

HE amount of energy consumed in the residential sector 
in Turkey is increasing parallel to the increase in the 
number of residential units. 190.314 new residential 

buildings were built in Turkey in 2015 and 2016 and 3% of 
these buildings are located in Konya. 76% of the buildings built 
in Konya are high rise buildings [1]. Use of renewable energy 
sources in residential buildings; reduces the energy consumed 
by the fossil fuels while reducing the energy cost and increasing 
the financial value of the resident. The most suitable renewable 
energy source that can be applied in Turkey is solar energy due 
to its geographical position. 

In Turkey, the second largest part of the energy consumed in 
residential sector is electricity with a share of 25 %. In Turkey 
half of the electricity production is provided by imported coal 
and natural gas. Due to this reason, reducing electricity 
consumption in the residential sector is of great importance.  

There are many studies conducted to model electricity 
production of PV panels in residential buildings by using 

building energy simulation software. Some of these studies 
investigated the effect of PV panel on electricity generation ( 
[2], [3], [4], [5]) and in some cases the environmental and 
technologic effects of PV are investigated ( [6], [7])  

Factors affecting the performance of the system have been 
investigated by researchers ( [2], [8] [3], [9], [10], [11], [12]) 
and the energy savings provided by the system are calculated ( 
[13], [14], [15] [16]) . 

Solar panels are generally divided into three categories, 
monocrystalline, polycrystalline and thin film technology [17]. 
In this study, polycrystalline PV module model was used due to 
its low price compared to monocrystalline s and less influenced 
by external effects such as snow [18]. The electricity 
consumption of the house was calculated by using one year 
electricity bill and survey data. Finally, the energy savings 
achieved by using photovoltaic panels and the associated 
reductions in CO2 emissions have been calculated and techno-
economic analyzes have been conducted. 

 

II. METHODOLOGY 

Within the scope of the study, firstly an apartment house to be 
modeled is selected. Then meteorological data of Konya where 
the dwelling is located, architectural drawings of the dwelling 
and survey information are provided in order to develop 
geometric model. After the development of geometric data the 
panels were modeled by placing BIPVs on outer shell of the 
apartment. 
the outer shell in ESP-r. Then electricity consumption of the 
house was determined by using the bills and the survey data. 
The amount of energy savings and the amount of reduction in 
CO2 emissions that can be achieved by calculating the amount 
of electricity generated by the generated model are calculated.  
This section provides information about the methodology 
followed during calculations and simulations.  

 
A. Model House 
Construction of the model house was completed in 2010 in 
Konya, Turkey. The residence has a total of 160 m2 heated area 
including four bedrooms, one living room, two bathrooms, one 
toilet. Four people reside in the residence. 
 
B. Collection of Data 
To develop model of the house and electricity production of 
BIPV system in ESP-r, survey data (architecture of the 
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residence, power value and duration lamps, electrical 
appliances etc.) and meteorological data is obtained. Then to 
calculate electricity consumption of the apartment of the 
building electricity bills have been provided. Technical data of 
the photovoltaic panel to be modeled has been obtained from a 
local company. 

1) Survey Data 
Information about electric appliance and lamp usage of the 
house, electricity bills and architectural drawing of the house is 
obtained as a result of survey conducted with the owner. Total 
electricity consumption of electrical appliances and lighting are 
given in Table 1. 
 
Table 1 Total electricity consumption of electrical appliances 
and lighting, kWh / month 

Equipment 
Duration, 

h/day 
Power, 

W 

Energy 
cons., 
kWh/ 
month 

Boiler 1 80 2,4 
Refrigerator 24 60 43,2 
Stove  24 5 3,6 

Oven  
Under stove 0,1 700 2,1 
Microwave 0,1 700 2,1 

Aspirator 0,2 100 0,6 

TV 
LCD. 7 80 16,8 
Plasma 2 80 4,8 
LCD 1 60 1,8 

Computer 
Laptop 6 40 7,2 
Laptop 6 40 7,2 

Washing machine 1 500 15 
Dishwasher 1 500 15 
Vacuum cleaner 0,5 700 10,5 
Iron 0,2 1.000 6 
Coffee machine 0,1 500 1,5 
Toast machine 0,1 700 2,1 
Electric Stove 0,05 1.400 2,1 
Food processor 0,1 700 2,1 
Lighting (CFL) 3 100 9 

Total 155 
 
Monthly electricity bill information for the house was provided 
for 12 months from the home owner. Monthly electricity 
consumption of the housing is shown in Figure 1. 
 

 
Figure 1 Monthly electricity consumption of the housing, 
kWh/month 

According to the information obtained from the monthly bill, 
electricity is consumed at an average of 150 kWh/month in the 
residence and this value is compatible with the questionnaire 
data. 
The residence has a total area of 160 m2.The window area is 14 
m2, the balcony area is 12 m2 and the outer wall area is 81 m2 in 
the residence. BIPV system modelled in ESP-r is planned to 
have area of 20 m2 on the east facade and 20 m2 on the west 
facade. The architectural drawing of the resident is shown in 
Figure 2. 
 
 

 
Figure 2 Architectural drawing of the residence 

 
2) Photovoltaic Panel Data 

It is decided to model the BP 380, 80-WattPolycrystalline PV 
module on the outer shell of the residence in ESP-r. 

3) Climate data 
The hourly meteorological data of Konya is obtained from 
hourly climate data of Ankara downloaded from the United 

[19]. 
Calculations are conducted by using normal climate data of 
Ankara, average daily solar radiation time distribution of 
Turkey [20] and annual solar radiation distribution (kWh/m2) 
of Turkey [21]. According to this data daily average radiation 
time of Konya is one hour more than Ankara. According to the 
total annual solar radiation distribution (kWh/m2) of Turkey 
total annual solar radiation per meter square of Konya is [21] 
168 kWh/m2-year more than Ankara. As a results of the 
calculations daily radiation data of Konya is obtained. This 
calculations show that, direct solar radiation of Ankara is 1.100 
kW/m2-year whereas of Konya is 1259 kW/m2-year. 

4) Greenhouse Gas Emissions Data 
The greenhouse gas (GHG) emission factor resulting from 
electricity generation is shown in Table 2. 
 
Table 2 Electric emission factor, kgCO2/GWh [22] 

Gas type Emission factor 
CO2  519.732 
CH4  7,22 
N2O 4,94 

 
5) Economic Analysis Data 

During the economic analysis, the cost of the BIPV system, is 
obtained from a local firm. The firm has priced 40,000 TL for 
40 m2 panel application. Then, electricity price data [23] 
obtained for the last nine years to analyze the estimation of 
electricity price for the coming years. Line equation is 
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constructed using electricity data and the electricity prices for 
the following years are estimated using this equation. 

C. Model development 

The model is generated in ESP-r building energy simulation 
software. First, a geometric model is developed by using 
architectural drawing data of the dwelling. While the geometric 
model is being constructed, only one zone is formed because 
the photovoltaic panel is mounted on the outer shell of the 
residence. Later, the normal climate data for model Konya is 
inserted to the program. 
Then BIPV system in mounted on outer shells on geometric 
model and electricity production of the system is estimated 

 A screenshot of the ESP-r program 
in which the model is created is given in Figure 3.  
 

 
Figure 3 Screenshot of the ESP-r program  
 

D. Reduction in Greenhouse Gas Emission 

Reduction of greenhouse gas emission (kg/year) is calculated 
by using the emission factor for electricity generation (EEF). 
The amount of reduction in greenhouse gas emissions is 
calculated using Equation (1). 
 

 (1) 

Where; 

RGEi : Reduction in GHG Emission, kg/year 
ES : Energy saving, kWh/year 
EEF : Electricity Emission Factor, kg-CO2/kWh 
  

E. Economic Analysis 

During the economic analysis of the system, investment cost, 
electricity bill and interest rate data are used. For the calculation 
of the system's payback period (PBP), cost of the BIPV system 
is obtained from a local company. The annual Net Cash Flow 
(NCF) is calculated for the determination of the PBP. The NCF 
is calculated by equation (6) 
 

 (2) 

 
Where; 

 : Annual Net Cash Flow, TL/year 

 : Annual Cash Input, TL/year 

 : Annual Cash Output, TL/year 

j  : Year 
EP  : Electricity Price, TL/kWh 
Efv  : Electricity produced by PV, kWh/year 
Efv_con  : Electricity consumed for PV, kWh/year 
 
If the interest rate remains constant for several years [24] NPV 
can be calculated by equation (3). 
 

          (3) 

  

 
NPV : Net Present Value, TL 
NCFj : Net Cash Flow, TL/year 
ni : Nominal Interest Rate  
j : Year 
N : Operation time of the system, year 
 
The minimum j value that allows the NPV to take a positive 
value is defined as the PBP [24]. 
 

III. RESULTS 

This section provides detailed information on the results 
obtained. The photovoltaic panel mounted on the outer shell of 
the residence is estimated to produce 5910 kWh/year. 
Electricity demand of the house is 1800 kWh/year. In this case, 
about 4110 kWh of electricity can be sold to the government 
per year.  

A. Modeling Results 

Electricity demand of the resident is provided from the grid. 
Electricity consumption for one year in the house was 
determined from the surway data and bills. The annual 
electricity generation with the mounth of BIPV to the east and 
west exterior walls of the house was modeled in the ESP-r 
building energy simulation program. It is estimated that the 
BIPV system will produce electricity of 2770 and 3140 
kWh/year on the eastern and western facades, respectively. The 
amount of daily electricity produced according to the 
simulation results is given in Figure 4. 
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Figure 4 The amount of estimated electricity production by 
ESP-r, kWh/day 
 
In the simulated model, the area and technical features of the 
panels placed in every facade of the house are exactly the same. 
Comparison of electricity production of the panels is show that, 
the west-facing panel produced 13% more electricity than the 
east-facing panel. 

B. Economic Analysis Results 

Electricity generation of BIPV is estimated by ESP-r as 5910 
kWh/year. Annual electricity demand of the house is about 
1800 kWh/year. In this case, about 4110 kWh of electricity can 
be sold to the government [25] per year providing the NCF 
increase. In this case, the change in NPV over the years is given 
in Figure 5. 
 

 
Figure 5 Change in NPV over the years 
 
If the nominal interest rate is 0,05, PBP is calculated as 26 
years. 

C. Greenhouse Gas Emission Reduction 

The photovoltaic panel mounted on the outer wall of the house 
has estimated to produce 5910 kWh/year electricity. The 
reduction in greenhouse gas emissions from electricity 
generation is shown in the Table 3. 
 
Table 3 Reduction in GHG Emission, kg/year 

 CO2 CH4 N2O 

Emission factor, kg 
CO2/GWh [22] 

519.732 7,22 4,94 

Reduction in GHG 
Emission, kg/year 

3072 0,043 0,029 

 

IV. CONCLUSION AND DISCUSSION  

In this study, the electricity production of BIPV system 
installed on the outer shell of a western and eastern facade of an 
apartment in a high rise building in Konya is simulated with 
ESP-r program. Economic analysis of the system is carried out 
and reductions in associated greenhouse gas emissions to be 
achieved are calculated. As a result of the simulations made, 
annual electricity generation of BIPV system is estimated as 
5910 kWh/year. Electricity bills, show that the annual 
electricity demand of the house is 1800 kWh/year. In this case, 

about 4110 kWh/year of electricity can be sold to the 
government. It is estimated that the generated model will 
produce electricity of 2770 and 3139 kWh/year on the eastern 
and western facades respectively. The west-facing panel 
produced 13% more electricity than the east-facing panel. 
Considering the fact that the surplus electricity of the house is 
sold and the nominal interest rate is 0,05, PBP is calculated as 
26 years. With the photovoltaic panel mounted on the outer wall 
of the house, it is observed that there would be 3072 kg/year 
reduction in CO2 emission, 0,043 kg/year reduction in CH4 
emission and 0.029 kg/year reduction in N2O emission. 
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Abstract - Nowadays the biggest problems at lighting 
applications made with photovoltaic module are position change 
of photovoltaic panel, unawareness of end of life or stolen 
batteries and unawareness of the problems at lighting equipment. 
This situation shows that there should be a control and 
information system for photovoltaic powered lighting 
applications. This paper represents the solution of the problems of 
solar lighting systems. Basically, the aim of the Project is to 
design power electronics of photovoltaic powered lighting, to 
design wireless controller for photovoltaic powered lighting and 
to control them remotely. 

 
Keywords - LED, Solar Lighting, Wireless Control Systems 

I. INTRODUCTION 

The electricity consumption for lighting represents 19% of the 
world's total electricity consumption [1]. Lighting of street and 
buildings accounts for up to 75% in electricity demand of 
lighting [2]. Smart outdoor lighting control systems allow 
operative from a central panel to manage the whole lighting 
system and each luminaire separately. 
The increasing demand of energy, the depletion of fossil fuel 
reserves, the unexpected events taking place on the 
international scene (local armed conflicts, natural disasters like 
earthquakes, tsunamis, floods, hurricanes, etc.) that have the 
potential to partially cripple the energetic systems, proves that 
the energy security and diversity is a serious aspect that the 
mankind should seriously consider when deciding the short 
and middle term energy policy. The general opinion shared by 
the most part of the specialists supports the idea that the 
exclusive dependence on the energy produced from fossil fuels 
(coal, oil, nuclear, etc.) is hazardous, unsustainable and 
harmful for the environment [3]. The main consideration in the 
present field technologies are automation, power consumption 
and cost effectiveness [4]. 

After 1999 Light Emitting Diode (LED) technology 
improved very fast and still improving. LEDs started to be a 
competitor to existing lighting sources with rapid improvement 
of their luminous flux, color specifications, lifetime and 
efficacy. Many big companies made investments about LEDs. 
LEDs are used very often at decorative lighting and started to 
be a competitor to fluorescent lamps at indoor lighting 
applications. About usage of outdoor lighting searches and 
studies are being made.  

Solar cells convert light energy to electrical energy 
according to the conservation of energy law and are the basics 

of the solar systems. Photovoltaic energy is applicable almost 
all fields and it is started to use with lighting components 
during recent years. Photovoltaic panels are used for powering 
the off grid systems at many light based fields like 
signalization, local lighting, road lighting, marking etc. LED 
are mostly preferred these kind of lighting applications 
because of working with direct current and high efficiency. 

Wireless networks consist of devices which communicate 
each other without any physical connection having wireless 
receivers and transmitters with wireless transmission platforms 
like infrared, microwave and radio frequency (RF). Nowadays 
most of the wireless network technology use RF for 
communication. Wireless communication presents to users 
many advantages like portability, flexibility, increasing 
efficiency and less installation costs. It can be used streets, 
parks, gardens and many outdoor applications. 

Solar energy as one of the important and major renewable 
source of energy also proves itself useful in functioning of 
constructions like street-lights. In order to achieve safety and 
to increase the capacity of battery, charge controller is 
necessary module. To harness as maximum as possible energy 
from sun, solar tracker becomes important component. [5] 

For the target products at this project, theoretical 
calculations, circuit schematics, simulations for the necessary 
parts, printed circuit boards were prepared and function tests 
were done. 

 

II. PROPOSED APPROACH 

The paper illustrates two major approaches. 

 First approach is related to design of electronic parts 
of solar lighting system like dimmable LED driver, 
MPPT charge controller. 

 Second approach is related to design of lighting 
control system which solves the main problems of 
solar lighting systems and controls the solar lights. 

To be more energy efficient than classical solar lighting 
systems below functions are added.  

 Dimming of LED module: The designed LED driver 
is dimmable. By this function the lighting level can 
be reduced and can be increased when necessary. 
Thus we can save energy. 

 Light Dependent Resistor (LDR ): It is a type of 
sensor which actually does this work and senses the 
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light as our eyes does. With LDR the lights can be 
turned on when it is dark. 

 An accelerometer: at solar lighting systems the 
position of solar panel is very important to use the 
panel more efficient. With the accelerometer and 
control system the position changes can be noticed 
immediately. 

III. DESIGNED SYSTEM 

The designed system consists of LED, LED driver, solar 
panel, battery, MPPT charge controller, lighting control 
interface and software. 

 

 
Figure 1: General structure of solar lighting system [6] 

 
Photovoltaic powered luminaires are generally used in the 

parks. Thus at luminaire power selection the tenders published 
by public procurement authority and the luminaires used in the 
parks has been reviewed. Table 1 was used at calculation of 
solar panel and battery capacities according to selected 
luminaire power. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Calculation of solar panel and battery capacities 
 

 
 

LED driver is one the electronic component that used in 
solar powered luminaires. The function of LED drivers are 
increasing/decreasing of battery voltage to LED voltage and 
driving LED at constant current. Application specific 
integrated circuits have been reviewed and a LED driver has 
been designed with LM3424. The LED driver can be dimmed 
by the lighting control interface. 

An MPPT, or maximum power point tracker is an electronic 
DC to DC converter that optimizes the match between the 
solar array (PV panels), and the battery bank or utility grid. A 
MPPT solar charge controller is the charge controller 
embedded with MPPT algorithm to maximize the amount of 
current going into the battery from PV module. Application 
specific integrated circuits have been reviewed and a MPPT 
solar charge controller has been designed with BQ24650. The 
designed charge controller accommodates Li-Ion/Polymer, 
LiFePO4, Lead Acid Chemistries and its specifications are:  

 5-V to 28-V Input Solar Panel 

  

  

  

 Input Overvoltage Protection  

 Battery Temperature-Sensing 
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 Battery Absent Detection 

 Thermal Shutdown 
A lighting control interface has been designed to control 

LED driver, to get information from MPPT charger and to 
send the necessary data to software. With sensor inputs the 
interface can provide solar panel position and luminous 
intensity. It sends the data package to the gateway by radio 
frequency (RF) communication at a free ISM band (2.4 GHz). 
At this design PIC32MX170F256B from Microchip Company 
were chosen as microcontroller. It has a 32-bit RISC CPU, 
256KB Flash memory and 64K SRAM memory. For RF 
communication MRF24J40MD from Microchip Company was 
chosen. MRF24J40MD is a 2.4 GHz IEEE 802.15.4 radio 
transceiver module intended for longer range applications.  
The MRF24J40MD has an integrated PCB antenna, matching 

protocols. The gateway is connected to PC software by serial 
communication. With the software a user can see the data 
package comes from the interface. The data package includes 
below information. 

 Failure of charge controller 

 Failure of LED driver 

 Failure or stolen of battery 

  
 

 
 

Figure 2: Photovoltaic powered exterior led lighting system with 
wireless communication 

 
By the designed system a user can control the solar lighting and get 
information about the system. With dimming function of LED driver 
the user can dim the light at any time. By this way energy saving also 
can be done with the system. 

 
 

Figure 3: Screenshot of the software 
 

IV. CONCLUSION 

In this paper a proposed photovoltaic powered exterior led 
lighting system with wireless communication is described that 
solves the main problems of solar lighting systems and 
integrates new technologies, offering ease of maintenance and 
energy savings. This is obtained by using LED module, 
dimmable LED driver, LDR, accelerometer and MPPT charge 
controller supplied by renewable energy provided by the solar 
panels and by using the intelligent lighting control interface. 
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Abstract - Thermal printers print quality is low in high speed 
applications and lower operational life in low speed applications. 
Main objectives of this article are to extend the operational life of 
the thermal print head cells and increase the print quality. This 
has been done by determining the status of the thermal cells 
previously heated or not and neighboring cells are previously 
heated or not. Thermal transfer printers have a shorter head 
lifetime at low speeds. Because the cells of the head running at 
low speed have to remain open for a longer time. Head life is 
shortened because it remains open. Print quality reduces at high 
speeds. Temperatures of the cells of the head should be increase 
rapidly in a short time. Print quality would be low because head 
cannot be heated rapidly in such a short time.  Residual heating of 
thermal print head cells will be prevented. These changes increase 
the usage areas of thermal transfer printers and reduce 
production costs. 

Thermal print head life increased at low, high and normal 
conditional speeds. While increasing head life, prints quality also 
increased. Head life and print quality balanced during real life 
applications. Print head can run lower speed, normal speed and 
higher speed with acceptable quality and life span.  

  
 

Keywords - Thermal Printer, TPH, TTOP, Print out Quality, 
Print Head Life 
 

I. INTRODUCTION 

HIS study is explain thermal transfer printers print head life 
and print quality. Thermal Transfer Printer has been 

widely used in the areas like medical, food, industrial, etc. 
which marking and coding needed. This kind of printers 
installed on packaging machines in mass production factories 
and can get marking and coding on each product. Thermal 
transfer printer consists of a thermal print head and ribbon. 
Ribbon is ink pet film. Thermal print head is transfers ribbon 
ink to the media by heating ribbon depends on printing data. 
Each data line is printed by print head through heater cells. 
There is operational life of thermal cells of the thermal print 
head. If thermal heads cannot be capture head control signal, it 
causes low quality printing. Generally these printers print on 
media production date, expiration date, 1D barcode, 2D 
barcode, logo, etc. Thermal transfer printer installs on 
packaging machine or labeler applicator. During packaging  

 
process printers prints online on media. These are industrial 
printers.  These printers use thermal print head and ribbon. 
Thermal print head has heater cell line. Heater cell line is 
heated ribbon according to each line of printing image 
sequentially. Pet film coated with ink. When thermal print 
head heat ribbon ink, it melts, and transferred to the media. 
Media must be flexible. Thermal print head is flat and while 
printing must touch on ribbon and media. Under pressure 
heated ribbon is pasted on media by print head. In figure 1, 
Thermal transfer printer is shown.  
 

 
 

Figure 1: Thermal Transfer System 

 
Thermal print head cells are heater of print head. Each cell 

is arranged on a single line. Each resistor behaves like heater. 
Each bit of data to be written corresponds to a resistance. 
These resistances corresponding to the data according to the 
state of the bit is turned on or off. Each data row is sent in 
thermal print head one by one. Each cell turned on time 
determines cell temperature. 

Long turn on time of cells cause high temperature of print 
head cells. High temperature decrease operational cell life. If 
previously warned cells and not warned cells are powered on 
same period of time, always previously warned cells would be 
more heated. This different temperature causes low print 
quality and low print head life. Mass production line may be 
high speed, low speed and normal speed or all of may be in 
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same mass production line. Thermal printer print quality and 
life decrease when increase and decrease speed. In this article, 
a new approach will increase the life of thermal printer and 
print quality at slow speeds and high speeds. Thermal head 
cells temperature will be increased in short time. This short 
time increased temperature will increase the print quality at 
high speed. Large print time need to long turn on time of head 
cells. When turn on cells long time, cell temperature exceed 
maximum temperature. High temperature damages head cells. 
If turn on time is short, written dot of actual size does not 
print. Short turn on time causes low print quality. Head cells 
turn on time will be decreased in large print time with this 
article. Print head control signals will be improved to improve 
print quality and head life by using history approach. J. H. Jou. 
[1]. Worked on print head stresses temperature and deposition 
head cell temperature. They found stresses temperature about 
400 . They suggested deposition temperature as 220 . Drees 
et al. [3]. Using history control schemes changing the strobe 
pattern and print quality is improved compared to approaches 
without history control. A design of the strobe signal obsolete 
value regulates head cells temperature see Shibata [6] and 
Fukushima [7]. A model is used in a mathematical program to 
compute the optimal input signals for the print head for 
different media with different ribbon see Nolde [2]. 

II. MATERIAL AND METHOD  

 For less than 150 mm/s speed printing, multi switching 
signal is applied instead of a single switching signal. This 
method controlled temperature of cells. Temperature exceeds 
maximum value to print dot in normal method. Single turn on 
method initiated thermal stress. Temperature increases more 
than requirement temperature and fall down under requirement 
temperature. This temperature ups and downs affect print 
quality and print head life. This method keeps cell temperature 
constant and printer prints more than one time with higher 
speed in a one line. This approach explained with Figure 2. 
 

 
 

Figure 2: Low speed temperature of head cells 

For more than 150 mm/s speeds, history control signals 
were improved. While improving control signals microscope 
was used. High temperature was detected areas on print with 
microscope. This detection is transferred ribbon shape. If 
ribbon spread above print direction, print head cells 
temperature more than required temperature. If ribbon not 
transferred on media, missing ribbon areas less than required 
temperature. In Figure 3, printed images are shown in different 
speed with single switching signal. 

 

 
 

Figure 3: Printed images 

History control parameters occurs in 5 stages.(Figure 4) 
Previously status of print head determines future print head 
control signal. These control signals improved according to 
observation of print. 

 

 
 

Figure 4 : History control signals 

 
For more than 400 mm/s speed printing required low turn on 

time. Low turn on time cause low print head cells temperature. 
For high quality printing print head cell temperature must 
increased in short time. This method is solved this problem by 
external heater. External heater increases thermal printer head 
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heating time. Thermal print head cells temperatures reach 
required temperature in short time. 

III. IMPLEMENTATION 

In low speed printing detected speed value. If speed value is 
less than 150 mm/s, speed is accepted as 150 mm/s and printed 
one line more than one. While printing more than one printing 
speed 150 mm/s. For an example if speed is 50 mm/s. Multi 
print value ) must print as equation (1) as shown Figure 5. 

 

 
                                    

  

 
Figure 5: Multi signal print 

For more than 150 mm/s condition speeds, microscope was 
used for detection of high and low temperature areas. If 
printing first line quality is low, control 1 value was increased. 
If first line has too much melting ribbon and spread ribbon 
available, control 1 value was decreased. If previous line 
printed and future line printed area has not transferred ribbon 
area, control 5 value was increased. If previously line printed 
and future line printed area have too much melting ribbon and 
spread ribbon available, control 5 value was decreased.  

In high speed printing an external heater was added on print 
head cells. This heater increase temperature externally. 
Externally heated cells needed short time to reach required 
temperature.   

IV. IMPLEMENTATION RESULT 

Print outs was observed with microscope at low speed 50 
mm/s and high speed 500 mm/s. Normal condition speeds 
history control signals used in all speeds. Print out first line 
transferred on media from ribbon. And middle lines transferred 

on ribbon without any untransffered places. Multi print signal 
protect head cells from high temperature and temperature 
stresses. Less temperature increase print head cells life. 
External heater decrease print head cells power time to reach 
requested temperature in high speed. In figure 6 shown 
implementation result at 50 mm/s and 500 mm/s. 

 

 
 

Figure 6 : Print result 

V. CONCLUSION 

1.  Thermal Print Head is made operable at lower speeds. 
From 150mm/sec to 10mm/sec multiple printing methods are 
applied successfully. By achieving this, the working life of the 
thermal head is extended at low speed applications; also better 
printing quality.   

2.  The quality of the printing is increased by applying the 
cells to the desired heat more quickly through the external 
heater which is used at high speed. Due to lower period of 
heating time and longer times for cooling on cells, it is 
prevented residual warming, life of thermal print head is 
increased.  

3.  At normal speed, history control values are improved and 
this lead us better printing quality and also longer life on 
thermal print heads.  
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Abstract Machine learning is now used in many areas with its 
fast detection and decision making features. In this study, the 
success of artificial neural network, one of the methods of machine 
learning, was measured using UCI iris, BUPA liver disease, Pima 
indians diabetes and Wisconsin breast cancer databases and the 
results were compared with other studies on the same databases. 
For UCI iris, Wisconsin breast cancer, BUPA liver disease and 
Pima indians diabetes databases, accuracy rates of 0,9866, 0,9876, 
0,9072 and 0,8450 were obtained, respectively. 

 
Keywords  ANN, Classification, Cross Validation, Machine 
Learning, UCI Database 

I. INTRODUCTION 

Pattern classification is one of the components in intelligent 
systems that predict and label unknown samples using a learned 
classifier [1]. Some of the popular classifiers are Support 
Vector Machines (SVM), Artificial Neural Networks (ANN), 
Decision Trees (DT), k Nearest Neighbor (kNN), and Linear 
Discriminant Analysis (LDA) [1]. The artificial neural 
networks method which was used in this study is based on 
human brain model which is a complex, nonlinear and paralel 
computing system [2]. Thanks to brain neurons, pattern 
recognition, detection and motor control, and many other 
operations are realized faster than the fastest digital computer 
in the world. As a result of this features, artificial neural 
network has emerged as an information processing method 
inspired by neurons [2]. 

In an artificial neural network consisting of three layers, 
there is an input layer, hidden layer and output layer [3]. 
Connections between these layers are provided with adjustable 
weight values [3]. The input layer is multiplied by these weight 
values and transmitted to the hidden layer, where it is processed 
by a transfer function. The processed data in the hidden layer is 
again multiplied by the weight values and transmitted to the 
output layer and so that an output is generated. This network is 
called a feedforward network [3]. The difference between the 
obtained result and the desired result is the failure of the 
network, and this error is returned to the network as a feedback 
so that the weight values of the connections between the layers 
are adjusted accordingly. This process is called back 
propagation [3].  

 
 

II. RELATED WORKS 

When we look at machine learning studies on different UCI 
databases, in 2017 Zheng et al. have developed a new 
Supervised Adaptive Incremental Clustering (SAIC) algorithm 
that aggregates data flows to accommodate dynamic databases 
and has observed the performance of the algorithm on fourteen 
UCI datasets [4]. In another study conducted in 2017, 
Gonzalez-Abril et al. have developed a processing technique 
for SVM algorithms to obtain sufficient accuracy in priority 
class binary system classification problems labeled as positive 
class and the studies were applied to eleven UCI data sets [5]. 
In another study conducted in 2017 over twenty UCI databases, 
Kassani et al. have came up with a method which is called 
multi-objective genetic-algorithm-modified fuzzy neural 
network (MOGA-FNN) by evolving kNN and fuzzy neural 
network (FNN) [1]. In the same year, Eghbali et al. tried to 
improve multi-class classification by using neighborhood 
search feature in error correcting output codes and applied the 
method to sixteen UCI databases [6]. For 65 UCI dataset, 
Katuwal et al. used both single and multivariate decision trees 
together with random vector functional link network (RVFL) 
[7]. In a study presented by Chang et al. in 2011, UCI iris 
dataset was categorized by using a Gaussian distribution based 
classifier [8]. In 2017, Nilashi et al. used expectation 
maximization (EM) method for clustering similar data in the 
UCI Wisconsin breast cancer dataset and classification and 
regression trees (CART) to create fuzzy rules for making a 
diagnosis [9]. In another study carried out on the same dataset, 
Abdel-Zaher et al. have realized data classification using 
unsupervised deep belief network and supervised back 
propagation in 2016 [10]. In 2017 for the diagnosis of breast 
cancer, Dora et al. have proposed an algorithm based on Gauss-
Newton representation. In this study, sparse representation has 
been used in the selection of the training samples and the 
Gauss-Newton approach determines the optimal weights for the 
classification of the training data  [11]. In 2016, a new decision 
tree algorithm developed by Abdar et al. was applied to the UCI 
liver disease dataset [12]. Also in 2016, Hayashi et al. used a 
recursive rule extraction algorithm combined with a sampling 
selection technique for the diagnosis of liver disease [13]. In 
2010, Lekkas et al. worked on a method that allows on-line 
processing of the data by repeatedly changing the fuzzy rule 
base for each sample obtained from the data streams, thereby 
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improving the fuzzy classification and have realized the testing 
process of the method on the UCI Pima Indians diabetes data 
set [14]. Mansourypoor et al. worked on the development of an 
evolutionary fuzzy rule-based system based on reinforced 
learning and made experiments on the same dataset in 2017 
[15]. The same year, Maniruzzaman et al. performed diagnostic 
classification of the UCI Pima Indians diabetes data set using a 
method based on Gaussian distribution with linear, polynomial 
and radial-based nuclei. The results were then compared with 
LDA, Quadratic Discriminant Analysis (QDA) and Naive 
Bayes (NB) [16]. 

In this study, an artificial neural network with 10-fold cross 
validation was applied to UCI Iris, Wisconsin breast cancer, 
BUPA liver disease and Pima Indians diabetes datasets. 
Accuracy, sensitivity and specificity values were calculated for 
the classifications and the accuracy rates were compared with 
other studies.  

III. MATERIAL AND METHOD 

When we look at the properties of the datasets used for the 
study, there are 150 samples in the UCI iris dataset, 4 feature 
parameters and 3 classes; setosa, versicolor and virginica. The 
UCI Wisconsin breast cancer dataset contains 569 samples with 
30 feature parameters and 2 classes of benign and malignant. In 
the UCI liver disease dataset, there are 345 samples, 6 feature 
parameters, and 2 classes with positive and negative disease 
diagnosis. Lastly, there are 768 samples in the UCI Pima 
Indians diabetes dataset, 8 feature parameters, and 2 classes, 
positive and negative for diabetes. 

A resilient backpropagation algorithm has been used for the 
artificial neural network with 10-fold cross validation. ANNs, 
each of which is defined as a pattern recognition network, 
consists of 3 layers; input layer, hidden layer and output layer.  
The hidden layers used in the classification consist of 20 layers 
for iris, breast cancer and liver disease and 30 layers for Pima 
indians diabetes. For all data sets the error is calculated with the 
mean square error function and training continues until the 
desired smallest error value is reached. The maximum failure 
rate in the training process was 100 for iris and breast cancer, 
200 for liver disease and 300 for Pima indians. The tansfer 
function used in network training is hyperbolic tangent sigmoid 
for both the connections between input and hidden layers and 
between hidden and output layers for iris, breast cancer and 
Pima Indians diabetes datasets, while it is logarithmic sigmoid 
between input and hidden layers and hyperbolic tangent 
sigmoid between hidden and output layers for liver disease 
dataset. In the case of cross-validated ANNs, data is divided 
into training and test sets. At each cross-validation fold, 
samples are divided according to cross-validation indices such 
that the samples used for test previously are used for training 
and some of the previously training samples are used for testing 
based on the indices. In ths study, 10 indexes have been 
allocated for cross-validation and for each fold the samples are 
divided accordingly using interleaved indices; 70% for training, 
15% for testing and the remaining 15% for validation. Here, the 
total of training and validation data constitute the training data.   

 

 

IV. RESULTS AND DISCUSSIONS 

In the confusion matrices obtained after the training of the 
artificial neural networks, concepts such as true positive (TP), 
true negative (TN), false positive (FP) and false negative (FN) 
provide information about the correct or incorrect classification 
of the data. True positive indicates that the positive data is 
classifed correctly. True negative means that the negative data 
is classified correctly. On the other hand, false positive 
indicates that the negative data is classified as positive and false 
negative indicates that the positive data is classified as negative.  

According to these values, the accuracy (Acc) rate is given by 
the following formula [1]. 

 
          (1) 

 
Sensitivity or true positive rate (TPR) is given by the 

following formula [1]. 
 

             (2) 

 
Specificity or true negative ratio (TNR) is given by the 

following formula [1]. 
 

              (3) 

 
Sensitivity here is the accuracy rate of positive samples. 

Specificity is the accuracy rate of negative samples. 
Figures 1, 2, 3 and 4 show the confusion matrices of the 

results from the training of 10-fold cross-validated artificial 
neural networks applied to UCI Iris, Wisconsin breast cancer, 
BUPA liver disease and Pima indians diabetes datasets, 
respectively. 

 

 
Figure 1. The Confusion Matrix of UCI Iris Dataset 
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Figure 2. The Confusion Matrix of UCI Wisconsin Breast Cancer 

Dataset 
 

 
Figure 3. The Confusion Matrix of UCI BUPA Liver Disease 

Dataset 
 

In Table 1, the accuracy, sensitivity and specificity results 
obtained for this study is shown. In Table 2, achine learning 
studies on the same UCI datasets in the literature are compared 
with the accuracy results of this study.  

 
 

 
Figure 4. The Confusion Matrix of UCI Pima Indians Diabetes 

Dataset 
 

Table 1. Accuracy, sensitivity and specificity results of 10-fold cross 
validated ANN over UCI datasets 
 

UCI 
Datasets 

Iris Wisconsi
n Breast 
Cancer 

BUPA 
Liver 

Disease 

Pima 
Indians 
Diabetes 

Accuracy 0,9866 0,9876 0,9072 0,8450 

Sensitivity 1,0000 0,9971 0,8413 0,7276 

0,9600 

1,0000 

Specificity 1,0000 0,9716 0,9550 0,9080 

1,0000 

0,9800 

 
Table 2. Accuracy comparison of the 10-fold cross-validated ANN 
with literature studies for the same UCI datasets 
 

 Iris Wisconsin 
Breast 
Cancer 

BUPA 
Liver 

Disease 

Pima Indians 
Diabetes 

[1] - 2017 98,88  73,38 77,22 
[4] - 2017 96,30   72,50 
[5] - 2017 96,27  71,17 74,45 
[6] - 2017 92,66    
[7] - 2017 98,65    
[8] - 2011 96,67    
[9] - 2017  93,20   
[10] - 2016  99,68   
[11] - 2017  99,23   
[12] - 2017   93,75  
[13] - 2016   73,48  
[14] - 2010    79,37 
[15] - 2017    84,00 
[16] - 2017    81,97 
This study 98,66 98,76 90,72 84,50 
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V. CONCLUSION 

As shown in Table 1, the accuracy rate is quite good for iris 
and breast cancer data and also because the sensitivity and 
specificity values are also high, the true positive and the true 
negative values are very close to reality. The accuracy rate is 
acceptable for liver disease data because Table 2 clearly shows 
that the highest score of %93.7 obtained from another study is 
a little bit higher from the score of %90.72 we have achieved. 
The sensitivity rate for the liver is slightly lower but can be 
accepted depending on the accuracy achieved. The best 
accuracy rate for Pima Indians diabetes has been achieved by 
this study and when we look at the other studies, it can be seen 
that generally low accuracy rates were obtained up until now. 

When we look at the studies [1], [4], [5] in litearture, a very 
good success was achieved for one dataset while low accuracies 
were obtained for other datasets. This is not the case for our 
study and we have achieved a generally stable success for all 
the datasets. In future studies, we will try to improve the 
accuracy rates obtained by using different machine learning 
methods which will be tested on more datasets. 
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Abstract - In Turkey, approximately 10000 tons waste occurs 
during the production of tobacco annually. This high amount 
waste has a great potential for concrete technology. Tobacco 
waste ash is a material that needs to be investigated with its 
potential to show puzzolanic activity due to its properties such as 
fineness, amorphous form and high silica content. So it can be 
said that tobacco waste ash may be used in concrete as a mineral 
admixture. In this conducted study, two type of tobacco waste 
ashes su
partially replaced with cement by weight at 0, 10, 20 and 30% 
proportions. 4 x 4 x 16 cm prism specimens prepared with 
mortars produced by using the binary blends of cement and ashes 
were cured 28 days in a water-curing tank with controlled 

weight and ultrasonic tests were performed on the specimens at 
28 days. By using the results of tests compressive and flexural 
strength, unit weight, ultrasonic pulse velocity, dynamic modulus 
of elasticity values of the mortar specimens were calculated. The 
experimental results reveal that the compressive and flexural 
strength, unit weight, ultrasonic pulse velocity, dynamic modulus 
of elasticity values of the mortar specimens decrease as the 
increasing of the tobacco waste ash content. While no 
improvements were observed on the monitored properties of 
mortar specimens containing tobacco waste ash compared to 
control mortar, it can be suggested that the usage of the 

admixture providing ecological and economic benefits by 
consumption of this non-renewable waste.  

 
Keywords  Tobbaco ash, mineral admixture, mortar, physical 

and mechanical properties,  
 

I. INTRODUCTION 

EMENT is a significant material that used for civil 
engineering applications all over the world. Though, the 

consumption of cement brings about some important ecologic 
problems. One of these problems is the large amount of CO2 
emission resultant from the manufacturing process of the 
cement [1-2]. In addition to reducing cement consumption of 
the mineral admixture content also improves some important 
properties of the concrete in two ways. First way is the 
reaction occur between calcium hydroxide and mineral 
admixture resulting with the generation of the extra Calcium 
Silicate Hydrate gel. Second way is the filler effect of the 
mineral admixture due to its fineness [3]. Mineral admixtures 

can also reduce material costs by providing less cement 
consumption [4].  

Many natural and artificial mineral admixtures are used in 
the field of construction and concrete production for various 
purposes. The utilization of the industrial wastes and by-
products in concrete industry as mineral admixture provides 
the industry to be eco-friendlier and sustainable. Industrial by-
products and wastes, such as, recycled plastics, silica fume, fly 
ash and ground granulated blast furnace slag have been 
successfully used as mineral admixture in concrete technology 
for decades [5,6]. The behaviour of these additives in concrete 
is physico-chemical. The physical part of this behaviour is 
originated from the shrinking of the size of the void in the 
interface between the cement and the aggregate. The main 
compounds SiO2, Al2O3 and Fe2O3 should constitute great rate 
of the total chemical composition of the mineral admixtures in 
order to be used in cement and concrete. The activity of these 
additives is dependent on the presence of oxides and minerals 
in amorphous or weakly crystalline states [7].  

In Turkey, about 5000-6000 tons of tobacco fabrication 
waste is being destroyed as dust and crumbs during the 
processing of the tobacco in cigarette factories, annually. In 
addition, tobacco waste, disposed by cigarette markets 
purchased the tobacco, occurs varying amounts of between 
1500 and 6000 tons per year. As a result, it is necessary to 
evaluate this high amount of waste occurs about 10000 tons 
per year, in Turkey [8]. 

The aim of this study was to determine the possibilities of 
utilization of tobacco waste ash as a mineral admixture in 
concrete technology. 

II. MATERIAL AND METHODS 

A. Materials 

CEM I 42.5 cement was used by production of Cimsa 

Table 1. 
Table 1: Properties of cement 

Final Setting, 
min. 

Density, 
g/cm3 

Blaine, 
cm2/g 

Strength, 
 MPa 

Expansion, 
mm 

260 3.17 3750 49.5 1.3 
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Bitlis (B) regions were used as puzzolan by cement at 
particular displacement ratios. The chemical properties of the 
ashes were given in Table 2. 
 

Table 2: Properties of ashes 

 SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O SO3 Cl- LOI 

A 26,37 0,11 0,27 26,34 4,2 18,96 0,29 6,84 0,57 43,1 

B 27,47 0,5 0,42 25,76 4,16 18,42 0,31 6,25 0,55 42,7 

 
Eskisehir tap water was used in the mortar mixtures. The 

chemical analysis of the drinkable water is given in Table 3. 
 

Table 3: Chemical analysis of the water 

pH NTU 
Cl 

mg/l 
Ca++ 
mg/l 

SO4 
mg/l 

Organic 
Material 

CO 3 
mg/l 

FS0 
mg/l 

Mg++ 
mg/l 

Total 
Salinity 

7.7 <5 245.8 187 135 49 23 92 107,4 1540 

 
The standard sand named RILEM Cembureau prepared by 

Trakya Cement Set Cement Industry and Trade Inc. suitable 
for TSE EN 196-1 was used. 

B. Methods 

 Bitlis tobaccos were burned. Than 
the ash-slag mixture occurred after the burning process was 
sieved through a 90-micron sieve and the undersize grain was 
utilized as puzzolan. 

The mixture proportions of the mortars were determined 1, 
0.5, 3 for cement, water and aggregate respectively. The 
tobacco waste ashes were replaced with cement by weight at 0, 
10, 20, 30% ratios in mortar production. The first series made 

ash. Three 4*4*16 cm prism specimens were taken from each 
mortar mixture. The unit weight, ultrasonic, compressive 
strength tests were performed on the specimens after 28-day 
curing period to determine the effects of the ashes on the 
properties of the mortars. 

 

III. RESULTS AND DISCUSSION 

A. Unit Weight 

Unit weight values of hardened mortars were measured on 
the water-saturated dry surface specimens after pulling out 
from the curing pool. The results of the measurements are 
shown in Figure 1. As seen in Figure 1, the unit weight values 
of the mortars decreased up to 8% with increasing of the 

 The 
probably reason of decreasing is that the specific gravity of 

yaman tobacco waste ash is lower than that of cement. In 
second series, the unit weight values of the mortar specimens 
made with %10 and %30 Bitlis tobacco waste ash by cement 
decrease %1 and %3 respectively. In contrast, mortars made 

with % 20 Bitlis tobacco waste ash have slightly higher unit 
weight than the control mortar of the second series. 

 

 
Figure 1: Unit weight values of the mortars 

 

B. Compressive Strength 

The compressive strength values of mortars in two series at 
the age of 28 days are illustrated in Figure 2. In the first series, 
the compressive strength values of the mortars including 10%, 

were 6%, 16% and 
31% lower than that of control mortar, respectively. In the 
second series, the values decreased sharply that 21%, 34% and 
47% fall was observed according to the control mortar for 
same ash proportions. While chemical composition of the two 
types of ash was similar with each other, the compressive 
strength values of the mortars made wi
waste ash was higher than Bitlis ash. This discrepancy may be 
originated from their particle size, chemical reactivity and 

tobacco waste ash had 6% lower compressive strength than 
control mortar in series one, it can be suggested that the usage 

ral admixture for 
ecologic and economic benefits. 
 

 
Figure 2: Compressive strength values of the mortars 

 

C. Flexural Strength 

The flexural strength values of mortar specimens in two 
series at the age of 28 days are shown in Figure 3. As shown in 
the figure, m and Bitlis ash had 
lower flexural strength with increasing of the ash content. 
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performance than Bitlis ash, it was completely adverse for the 
flexural strength. In the first series, the flexural strength values 

tobacco waste ash were 13%, 15% and 19% lower than that of 
control mortar, respectively. In the second series, the values 
1%, 2% and 11% decreased according to the control mortar 
for same ash proportions, respectively. However, the usage of 

technology was suggested according to little loss in 
compressive strength when compared to control mortar, 
flexural strength loss must be considered before the usage. 

 
Figure 3: Flexural strength values of the mortars 

D. Dynamic Modulus of Elasticity 

The calculated dynamic modulus of elasticity values of the 
mortars according to the unit weight and ultrasonic pulse 
velocity values were given in the Figure 4. The dynamic 
elasticity values of the mortars decreased sharply with 

and Bitlis tobacco ashes content up to 29 and 65% 
according to control mortars, respectively. The dynamic 
modulus of elasticity properties of the mortars was similar with 
the compressive strength.  

 
Figure 4: Dynamic modulus of elasticity of the mortars. 

 

E. Ultrasonic Pulse Velocity 

Ultrasonic pulse velocity in a material associates with the 
porousness, density and elastic properties of the material.  The 

ultrasonic pulse velocity values of the mortar specimens were 
evaluated by ultrasonic measurements performed in this work. 
The results procured from the ultrasonic measurements of the 
mortar specimens at the ages of 28 days were given in Figure 
5. Each ultrasonic pulse velocity result represented the average 
of three measurements. As seen in Figure 5, the ultrasonic 
pulse velocity values of the mortar specimens decreased with 
the tobacco waste ash content. While the ultrasonic pulse 
velocity values of the mortar specimens decreased slightly with 

d 
with Bitlis ash content substantially. The average value of the 
ultrasonic pulse velocity values of the control mortar 
specimens in the first series was 4.06 km/s. In the first series, 
as shown in Figure 5 that the mortar specimens made with 

d 5%, 9% 
and 12% lower ultrasonic pulse velocity values than control 
mortar respectively. The average ultrasonic pulse velocity 
value of the control mortar specimens in the second series was 
3.48 km/s. In the second series, it was observed that the mortar 
specimens made with 10%, 20% and 30% Bitlis tobacco waste 
ash had 13%, 33% and 40% lower ultrasonic pulse velocity 
values than control mortar respectively. 
 

 
Figure 5: Ultrasonic pulse velocity values of the mortars 

 
 

IV. CONCLUSIONS 

 
From the results obtained, the following conclusions can 

be drawn. 

 
waste ash decreased with the ash addition. Mortars 
produced with Bitlis ash show similar unit weight with 
control mortar. 

 The compressive strength of the mortars decreased with 

ashes content up to 31 and 47%, respectively. 

 The ultrasonic pulse velocity values of the mortars 
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However, the values decreased with Bitlis ash addition 
sharply. 

 A negative effect of the tobacco waste ashes was 
observed on the dynamic modulus of elasticity of the 
mortars.  

From this study, utilization of the 
ash as a mineral admixture by cement in the concrete 
technology at %10 proportion can be suggested despite the 
negligible effects on the mechanical properties for waste 
management and economic purposes. However, the use of 

 
was not recommended because of the adverse effects on the 
mortar properties. Furthermore, the study of the effect of 
tobacco waste ashes on the durability of mortar or concrete 
may be recommended for further studies. 
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Abstract - Large amount of the chrome ore concentration plant 
tailings was discarded during chrome ore mining process. The 
accumulation of the tailings takes large areas of land for the 
storage and causes environmental and safety problems. When the 
annual consumption of the ready mixed concrete per person 
(approximately 1.5 m3/person) in Turkey is considered, 
employment of the tailings in the ready-mixed concrete may be a 
solution for the recovery of the tailings. In addition, using chrome 
tailings as a substitution for sand to produce ready-mixed 
concrete is a possible way to solve the resource problem of sand 
deficiency. The aim of this study is to investigate the utilization of 
the tailings taken from a chrome ore concentration plant in 
Eskisehir, Turkey as fine aggregate in ready-mixed concrete 
production. For this purpose, the tailings were partially replaced 
with the fine aggregate by the weight at 0, 10, 20 and 30% 
proportions by weight in the ready-mixed concrete mixtures. 
Standard curing is applied until the time of test to the 15x15x15 
cm cube specimens taken from the mixtures.  The unit weight, 
compressive strength and ultrasonic pulse velocity values of the 
cubic specimens were investigated in this study. Performed tests 
showed that replacing sand to chrome ore tailings has a potential 
for further investigations.    
 

Keywords - Chrome ore tailings, fine aggregate, ready-mixed 
concrete, hardened concrete properties 

I. INTRODUCTION 

ORLD chromite production was at 3.65 million tons in 
1953, it reached 19 million tons in 2009. In the last 

decade, demand for chromium alloys has increased by about 
5% per year and annual chromium ore production increased an 
average of 4.6% followed the demand, annually [1]. In Turkey, 
many chrome ore concentration plants have been established 
since 2000. But efficiency and capacity utilization of the plants 
are low [2]. If the high production quantity of the chromite to 
be considered, an important waste and tailings problem 
originated from the plants occurs in Turkey and all over the 
world.  

Chromite is the only mineral that chromium metal one of the 
natural components of the earth's crust can be produced 
economically. The chromite is a mineral of the spinel group 
and crystallizes in the cubic system. The theoretical formula of 
chromite is FeCr2O4 but chromite minerals found in nature is 
symbolized by a formula of (Mg,Fe)(Cr,Al,Fe)2O4 [3]. The 
main industrial branches in which chromium is used are 

metallurgy, refractory and chemical industry. However, the 
chromium ores extracted from the mines often do not provide 
the desired product characteristics of these industries. 
Therefore, it is necessary rendering the chromite ores extracted 
from the mines to the properties desired by the industries with 
effective enrichment processes [4]. Chrome ore can be 
enriched with combing out with hand, sieving and washing to 
remove the silicate minerals from the ore structure. At later 
stages, enrichment of the chromite mineral is ensured with 
shaky tables, magnetic separator, flotation or heavy liquid 
methods and so, the residual silicate is cleared. All these 
processes are performed in the chrome ore concentration 
plants [3]. After the enrichment process is performed, a 
considerable amount of tailings is released from the plant. 
These tailings disturb the natural view and cause physical 
pollution and storage problems. The environmental and 
storage problems caused by the tailings need to be solved and 
economic feasibility of the tailings is worth to search for its 
high amount. For this purpose, an investigation was performed 
on the possibilities of the recovery of tailings exposed from a 
chrome ore concentration plant. It is revealed that the tailings 
can be used after sieving and washing as a lightweight 
construction material and a part of the tailings can be 
recovered [5]. An experimental study was performed on the 
utilization of the serpentine based chromite waste as a ceramic 
pigment in the colouring agent in wall tile glaze recipes and as 
a modifier in the floor and porcelain tile glaze recipes. 
According to the results of the study, the chromite waste can 
be used for the purposes with any problem [6]. Another study 
was carried out for re-beneficiation of chrome ore 
concentration plant tailings. After the washing and sieving 
processes, the wastes bigger than 0.1 mm size can be used for 
the production of lightweight construction material as sand. It 
was emphasised that there are alternative solutions for residual 
chromium recovery and one of them is the repeating of the 
concentration process on the tailings [5]. There are a lot of 
benefits of recycling the wastes for any purpose. As for 
chrome tailings, usage of the tailings in the concrete can 
minimize the storage and land problems around the 
concentration plants. And another advantage is the reduction 
of the sand consumption and protection of resources. The aim 
of this study was to recycle the tailings as fine aggregate in 
ready mixed concrete. 
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II. MATERIAL AND METHODS 

A. Materials 

CEM I 42,5 N type cement correspond to TS EN 197-1 and 
appropriate with ASTM type I was employed in this study. 
Crushed aggregates used to be in two sizes of 4-11mm and 11-
22 mm and sand with a size of 0-4 mm were supplied from 
Selka ready mixed concrete plant in Eskisehir. The aggregates 
used in the mixtures were in concordance with the 
requirements of TS 706 EN 12620+A1. The top water used as 
mix water in the mixtures. Chrome tailings were taken from a 
chrome ore concentration plant in Eskisehir. The concentrated 
chromium particles from the plant were shown in Figure 1. 
During the concentration process, there are a lot of tailings 
occur and disposed of from the plant. The tailings used in this 
study were the rest of the process.   
  

 
Figure 1: Concentrated chromium particles. 

As seen in Figure 2, the tailings occurred as waste from the 
chromium production transported to landfill area together with 
water.  

 
Figure 2: Tailings occurred during the chromium production. 

 

The concentration process was inefficient because the 
tailings composed of the large amount of ore. So, the tailings 
accumulated around the concentration plant very rapidly. 
Dried and stored state of the chrome tailings is shown in 
Figure 3.  Chrome tailings hill causes storage and landfill 
problems with the environmental and economic disadvantages. 
 

 
Figure 3 Chrome tailings hill. 

  Physical and chemical properties of the chrome tailings used 
in this study were given in Table 1. According to the 
properties, there was any drawback to use the tailings by sand 
in the ready mixed concrete.  
 

Table 1: Properties of the chrome tailings 

Density, 
kg/dm3 

Water 
absorption, % 

Fine particulate, % 
(<0,063 mm) 

2,72 1,6 3,6 
Organic 

contaminant 
Organic matter 

ASR expansion, % 
(accel. Met.) 

<% 0,001 Light yellow 0.01 
SO3, % Cl, % S, % 

0,02 <0,0005 0,025 

 

B. Methods  

There are 4 series of concrete mixtures were prepared in this 
work. The series were determined according to the chrome 
tailings content. The mixture proportions of the concrete 
mixtures were given in Table 2. As seen in the table, the 
dosage of the cement was determined as 340 kg/m3. Chrome 
tailings were used in substitution for sand at 0, 10, 20 and 30% 
proportions. Water-cement ratio was 0,55 in the concrete 
mixtures. The slump is fixed approximately as 10 cm for all 
the mixtures. A modified polycarboxylic ether polymers based 
high range water reducing admixture with specific gravity of 
1.09, was used to obtain slump value as 10 cm in concrete 
mixtures. The amount of admixture employed in the concrete 
mixtures was adjusted at the time of mixing to obtain the 
determined slump value. 
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The concrete mixtures mixed in a pan type mixer and the 
specimens were moulded and compressed by a vibrating table. 
Three 15*15*15 cm cube specimens were taken from each 
mixture for each test. 

Table 2: Mixture proportions 

Material, kg Chrome tailings content, % 

0 10 20 30 

Cement 340 340 340 340 

Water 187 187 187 187 

0-4 mm sand 1100 990 880 770 

4-11 mm aggregate  330 330 330 330 

11-22 mm aggregate 572 572 572 572 
Chrome tailings 
employed for sand 0 110 220 330 

 
The unit weight, compressive strength, ultrasonic tests were 

performed on the specimens held in standard curing conditions 
for 28 days. The unit weight, ultrasonic pulse velocity, 
compressive strength and dynamic modulus of elasticity values 
were calculated and the effect of chrome tailings on these 
values was examined with graphs drawn.  

After the pulling out of the concrete specimens from the 
moulds at 28 days of curing, unit weight values of the 
specimens were calculated in water-saturated dry surface 
condition. Each concrete specimen was weighed separately. 
Then the means of weight values of three specimens were 
estimated to determine a weight value of each mixture. Finally, 
the unit weight value of each concrete mixture was calculated 
by dividing the mean weight by the specimen volume. 

Ultrasonic pulse velocity of any material relates to the 
elastic properties, compactness and porousness of the material. 
The ultrasonic pulse velocity values are determined on the 
specimens at the age of 28 days according to the equation 1. 
 
Upv= (S/t)x10                      (1) 
 

Upv is the ultrasonic pulse velocity (km/s), S is the length of 
the smooth wave path through the sample (cm) (i.e., 15 cm in 
this work), and t is the passing time of the ultrasonic pulse 

machine. 
The compressive strength values of the specimens were 

determined by using the test methods according to TS EN 
12390-3 (2010) and ASTM C39/C39M-14a (2012). The 
compressive strength tests are performed on the concrete 
specimens at a constant load with a rate of 0.10 MPa/s by 
using a 3000 kN capacity compression testing machine.  

 
 
 
 
 

III. RESULTS AND DISCUSSION 

The changes in the unit weight values of the concretes 
depending on the chrome tailings content were given in the 
Figure 5. When the Figure 5 examined, there was a decrease in 
the range of % 1-2 on the unit weight values of the concretes 
according to chrome content. The reason for this is that the 
chrome tailings has largest rain size of 2 mm which was small 
than the sand (4mm) and the fineness of the tailings was higher 
than the sand. 

 
Figure 5: Variation of unit weight according to chrome tailings. 

 
The variation of the compressive strength of the concretes 

with chrome tailings content was given in Figure 6. As seen in 
Figure 6, while the compressive strength of the concretes 
decreased up to 2% with the chrome tailings content until 20% 
proportion, the compressive strength values increased up to 
5% when the proportion of the chrome tailings reached to 
30%. Better workability provided by the filler effect of the 
chrome tailings caused better placing and compacting and so, 
the compressive strength of the concretes increased. 
 

 
Figure 6: Variation of compressive strength of the specimens. 

 

Ultrasonic pulse velocity values of the concrete specimes 
made with chrome tailings were given in Figure 7. When the 
Figure 7 examined, the ultrasonic pulse velocity values of the 
concretes contain   10% tailings decreased at 4% proportion 
according to control concrete sharply. In contrast, when the 
proportion of the chrome tailings reached 30%, the ultrasonic 
pulse velocity values of the concretes increased up to 6%. The 
ultrasonic pulse velocity values increased because of increased 
the occupancy rate of granulometry caused by the fine grain 
structure of chrome tailings. 
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Figure 7: Ultrasonic pulse velocity variation of specimens. 

 
The estimated dynamic modulus of elasticity values of the 
concretes depending on the unit weight and ultrasonic pulse 
velocity values were given in Figure 8. As seen in Figure 8, 
while the dynamic modulus of elasticity values decreased with 
chrome tailings content up to %10 initially, the values 
increased up to 11% at higher proportions according to control 
concrete. The results showed that the dynamic modulus of 
elasticity behaviour of the concretes was similar with the 
compressive strength.  Filler effect of the chrome tailings and 
adaptation of the tailings with sand at higher proportions 
caused this behaviour to occur. 

 
Figure 8: Dynamic elasticity values of the specimens. 

 

IV. CONCLUSION 

The following results were obtained in the experimental work: 

 Unit weights of concretes decreased with the chrome 
tailings addition at low rates of 2%. 

 The compressive strength of the concretes increased up to 
5% with the use of chrome tailings by sand at high 
proportions as 30%. 

 The concretes made with chrome tailings at high 
proportions have higher ultrasonic pulse velocity up to 
6%. 

 While the low chrome tailing content decreased the 
dynamic modulus elasticity of the concretes, high 
chrome content increased this property. 

According to the experimental work done, the usage of the 
chrome ore concentration plant tailings by fine aggregate in 
the ready mixed concrete at %30 proportion was 
recommended with regards to ecological and economic 
benefits. However, the use of chrome tailings should not be 
used in low ratios because of the negative effects on the 

concrete properties. Furthermore, the investigation of the 
effect of chrome tailings on the durability of concrete may be 
proposed for further studies. 
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Abstract - Over the past decade, noise pollution has become 
very significant global issue in the world due r to cause health and 
social problems. For these reasons, researchers seek for solution 
to noise pollution. In this context, researchers have investigated 
natural and synthetic based materials. Compared with synthetic 
materials, natural materials have been the focus researches 
because of being ecological, sustainable and economic. In this 
study, nonwoven fabrics were produced with using wastes of 
cotton fibers and lichens which are different ratios. After, the 
sound absorption properties of samples were analyzed with 
impedance tube. According to the results, sound absorption 
coefficient of samples produced with cotton wastes and lichen are 
promising.  

 
Keywords - waste cotton, lichen, nonwoven fabrics, sound 

absorption properties 

I. INTRODUCTION 

ODAYS, sound insulation is a major problem of modern 
engineering with the technology development, modern 

machines were produced and started to use in every field. By 
the use of such high speed machines, the sound pollution is 
also increased. Sound insulation became compulsory in 
automotive, factories, various devices, and various vehicles. 
Sound insulation applications are based on economics and 
mostly the use of textile materials is investigated. Today for 
sound insulation purposes, glass fiber, foam, mineral fibers 
and various fiber reinforced composites materials have been 
used. In addition to these textile materials, ramie fiber, coir 
fiber, polyester fiber, bamboo fiber, poly(lactic acid), 
polypropylene, hemp, flax,  and jute fiber also used. In sound 
insulation applications, the composite materials are widely 
used. Since composite materials have a porous structure, their 
insulation properties are considerably higher. Parallel to fiber 
reinforcement, the mechanical and insulation properties 
improve [1].  

There are various studies investigated the sound absorption 
properties of textile materials. Young et al. produced 
composites using  polypropylene and polyester. It was found 
that the composite sound absorption coefficient increased as a 
result of reinforcement of the composite with fibers. The sound 
absorption coefficient of composite was determined as 0.15-

0.95 at the sound frequency between 500-2000 Hz [2].  
Markiewicz et al. aimed to improve the acoustic and 

dielectric properties of the composite construction 
polypropylene-lignocellulose. Lignocellulose obtained from 
hemp flax, beech, pine and rape seeds with polypropylene 
were used as a composite. The results show that lignocellulose 
is suitable for use in the automotive and construction industries 
became of its good sound absorption properties [3]. 

Watanabe et al. have developed two different polyester 
fabrics as a sound absorbent. One of these polyesters is a flat 
cross-section modified polyester fiber while the other is a 
recycled polyester fiber. By using 2-3 denier polyester fibers, a 
nonwoven surface with 20-40 mm was obtained and the effect 
of the sound absorption coefficient was investigated. The 
result show that the cross-sectional structure of the fiber used 
on the nonwoven surface causes an increase in the surface area 
of the fiber resulting in improved acoustic properties of the 
fabric. The increased fabric thickness increased the sound 
absorption coefficient [4]. 

Parikh et al. examined the fabric properties of kenaf, 
polypropylene, jute, flax, cotton and polyester fibers by 
obtaining nonwoven surfaces with needle punch technique of 
700 g/m2 weight at different fiber ratios. These results show 
that the sound absorption property of the jute/polypropylene 
mixture was better [5]. 

The nonwoven surfaces are very cheap materials because of 
produced from fiber without yarn production. Among Textile 
materials, especially nonwoven fabrics are widely used in 
many fields of technical textiles due to their complicated 
constructions and suitable thicknesses. The nonwoven surfaces 
have the most important advantages on the construction 
industry as they are light weight, functional, low cost and 
requiring less reinforcement. They also have porous structure 
which makes them air permeable [6]. 

In this study, nonwoven fabrics were produced with using 
wastes of cotton fibers and lichens which are different ratios. 
After, the sound absorption properties of samples were 
analyzed with impedance tube. The results show that the sound 
absorption coefficient of samples improved with the decreased 
in the amount of lichen.  
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II. MATERIALS AND METHODS 

A. Materials  

In this study, nonwoven fabrics were produced with using 
wastes of cotton fibers and lichens which are different ratios. 
The samples are produced with 100% cotton wastes, 25% 
lichen/75% cotton waste, and 75% lichen/25% cotton waste. 
The nonwoven fabric samples were produced with needle 
punch method.  

B. Measurement of Sound Absorption Coefficient 

   Sound absorption coefficient of samples were analyzed 
according to ISO 10534-2 standard. In sound absorption 

based on two microphone transfer function method was used 
(Figure 1
having different diameter. The diameter of one tube is 2.9 cm 
and the diameter of another tube is 10 cm. The measurement 
of the material in the frequency range of 0 1600 Hz was 
conducted with the bigger tube, whereas the smaller tube was 
used for the measurement of the material in the frequency 
range of 600 6300 Hz. 
 

 
 

Figure 1: Impedance tube measuring instrument. 

III. RESULTS AND DISCUSSION 

The sound absorption coefficients of samples were given in 
Figure 2 in the frequency range of 600 6300 Hz. 

 
Figure 2: Sound absorption coefficients of samples. 

According to the results, sound absorption coefficient of 
samples produced with cotton wastes and lichen are promising. 
The sound absorption coefficients of samples were decreased 
with the increased in the amount of lichen. The results show 
that the addition of lichen in the nonwoven causes to decrease 
the sound absorption coefficient of samples. The increase in 
the amount of cotton waste causes to increase the density of 
samples. As a results, the frictions which are sound waves and 
surface increase and the amount of sound energy converted 
lost heat energy rise. Sound absorption coefficient of materials 
not only depends on density but also depends on the material 
atomic, macro molecular and chain structure as well as 
arrangement of molecular chain of fiber. 

IV. CONCLUSION AND FUTURE WORKS 

In this study, in order to put good use cotton wastes and 
lichen, the sound insulation properties of cotton wastes and 
lichen was investigated. In this context, nonwoven samples 
were produced from cotton wastes and lichen at different 
ratios. According to the results, lichen causes to decrease the 
sound insulation capacity of nonwovens.    
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Abstract  Civilization has been analyzed mostly with 
urbanization which coincides with the usage of stone and later 
concrete and steel in constructions. Nowadays we have been 
realized that construction materials used for houses, apartments, 
roads and pavements surrounding us create local microclimate 
which influences our living comfort. Local temperature increases 
due to asphalt roads and concrete pavements have recently been 
determined and they are remarkably effective in our everyday 
life. Usage of different types of aggregates in concrete mixtures to 
cast concrete pavement blocks might effective to decrease air 
temperature on the pavements. Therefore heat-resistant rocks 
were used to produce different sized aggregates where different 
plasters were produced from them to coat standard concrete 
pavement blocks. Pavement blocks plastered were then put under 
sun to test their surface temperatures. It was observed that heat-
resistive materials used in plaster concretes influence heat 
distribution in the blocks and surface temperature of the concrete 
pavement blocks.  
 

Keywords  Pedestrian comfort, heat-resistive materials, 
concrete pavement blocks. 

 

I. INTRODUCTION 

t is common that outside temperatures in urban areas are 
mostly higher than countryside. This may have certain 

advantages in wintertime but disadvantages in summertime due 
to their uncomforting influences. Concrete have been used 
nowadays to build apartment blocks, houses and roads. Most 
of the pavement blocks in urban areas are also molded by 
using concrete mixtures. It is common that concrete and 
natural stone slabs on urban roads and pavements are the main 
reasons of high temperature island occurrences in cities. Heat 
arrived from sun by radiation in summertime, heats up earth 
surface and cause temperature differences due to shading and 
surface material surface 
layers which stayed whole day under the sun reach very high 
levels which might create local microlevel climate effects. 
Heated up areas are then formed - around them 
(Fig.1). Even though, these areas can continue to supply their 
deposited heat after sunsets, until their body temperature will 
reach the same level with their environmental air temperature. 
In hot sunny days, heating of the concrete structures, roads, 
walls, pavement blocks can reach a certain level which 
disturbs humans. 

 

 
Figure 1: Temperature measured in a research performed in Los 

Angeles (US) on a sunny summer day, (at 02:00 pm, at a height of 
1.5 meter from the ground surface), [1]. 

 

II. PROCEDURE TO GET PEDESTRIAN COMFORT 

- herefore 
any decreasing actions on their temperatures are welcomed by 
societies. One simple way is watering sun heated roads, 
pavements and any other locations in summer. This action 
decreases their surface temperatures and gives certain degree 
of relaxation for people living nearby. But watering is costly 
due to water usage and their supply. Shadowing of the roads 
and especially pavements are also one of the methods used by 
municipalities. Trees near pavement areas, curtaining over the 
sunny narrow streets, bazaars, are mostly applied methods. In 
researches, it has been already presented that cool pavements 
cause significant reduction in surface air temperature. In Los 
Angeles city (US), there are official applications about the heat 
islands [2] to decrease air temperature just above the roads and 
pavements. In this municipality works; workers coated 
selected city streets and pavements by predefined gray colored 
cool materials [3]. Eventually, summer temperature on the 
tested local area had been surveyed and certain declines in air 
 

 
Figure 2: Painting project for selected Los Angeles (US) streets to 
decrease heat island influences of local roads and pavements [3]. 
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air temperatures (local) were reported for these projected Los 
Angles heat-island applications. It was reported [3] that two 
modified albedo (whiteness) scenarios were studied in Los 
Angeles application: a moderate and an extreme increase in 
albedo scenario. It was found that for the first case, the 
temperature decrease at 2.0 meters height (from the ground 
surface) was as high as 1.5 ,  (Celcius), and for the second 
case as high as 2.2 erature change pattern 
is a decrease during daytime and little or no decrease during 
the night [3].  

 The impact of temperature depression at heat-islands 
would have been even greater if the albedo of all roads and 
pavements was increased. It is obvous that connection roads, 
streets, pavements, pedestrian areas, buildings roof & walls 
and all similar constructed surfaces increase urban areas 
temperatures. In this subject, Akbari analyzed the situation in 
cities and reported heat island mitigation solutions [5]. Besides 
this research, reflective pavements were applied to an urban 
park in Athens (Greece) by Santamouris etal. to reduce heat 
radiation [6]. They wrote that usage of cool (white materials 
which were presenting high reflectivity in infrared radiation 
and high emissivity) paving materials reduced peak ambient 
temperature during a summer day up to 1.9 oK, (Kelvin).  They 
reported also that temperature of the park itself decreased up 
to 12 oK. In another study researchers were concentrated on 
cool material properties and their usage as asphalt road and 
concrete block coatings. They reported that [7] usage of cool 

. 
Santamouris etal. [7] presented also work of Synnefa etal. [8] 
which showed visible and infrared photograph of thin concrete 
plates (Fig. 3). These photographs (Fig. 3), especially the 
infrared images differentiate surface temperature of the thin 
concrete plate clearly. Infrared images demonstrated that plate 
numbered 1 and 4 (they had white color coatings) had lower 
surface temperatures (7.5 oK lower than reference plate-3) and 
plate-2 (it had black colored coating) on the other hand had 
higher surface temperature (15.0 oK higher than reference 
plate-3) [7]. Synnefa etal. tested 16 concrete plate samples in 
their research and 15 of them were coated with different cool 
materials (plate 3 was extra reference plate, it has no coatings).  
 

    
Figure 3: Visible (left) and infrared (right) images of the concrete 
plates which were coated with different cool materials. Concrete 
plates were put under sun for a while and photographs were then 
taken. Cool materials, coatings, used on the numbered concrete plates 
are; Acryl-polymer emulsion paint (white color) for plate-1; 
Emulsion paint (black color) for plate-2; Uncoated tile (reference) 
(white color) was plate-3; Alkyd, chlorine rubber coating (white 
color) for plate-4, [7]. 

Table 1: Daily (08:00-19:00) mean and mean maximum surface 
temperatures measured from concrete plates coated with different 

cool materials, [8]. 
Test 

Samples 
August September 

Mean daily 
surface temp. 

(oC) 

Mean max 
daily  surface 

temp. (oC) 

Mean daily 
surface temp. 

(oC) 

Mean max 
daily surface 
temp. (oC) 

S1 46.19 58.67 36.49 48.82 
S2 33.15 40.79 27.78 35.07 
S3 36.68 44.89 30.58 39.10 
S4 34.68 43.17 29.06 37.30 
S5 33.18 40.67 27.74 34.77 
S6 44.85 56.85 36.39 47.77 
S7 52.09 67.92 40.44 54.63 
S8 32.82 40.73 27.90 35.52 
S9 33.89 41.24 29.03 36.00 
S10 44.25 54.83 36.78 47.08 
S11 37.34 46.49 31.79 40.59 
S12 41.72 50.68 34.79 43.50 
S13 37.81 46.95 32.08 40.74 
S14 33.25 39.63 28.91 35.12 
S15 37.13 45.79 30.92 38.78 
S16 32.13 38.28 28.63 36.07 

 
Synnefa etal. reported that cool coating materials used in their 
research were available in international markets. These 
materials are general coating materials used in construction 
and civil works [8]. Description and colors of these coatings 
are as follows; 

 
S1   Aluminum pigmented acrylic coating, (Silver gray color), 
S2   Acrylic, ceramic coating, (White color), 
S3   Acrylic, elastomeric coating, (White color), 
S4   Acrylic, elastomeric coating, (White color), 
S5   Alkyd, chlorine rubber coating, (White color), 
S6   Aluminum pigmented, alkyd coating, (Silver gray color), 
S7  Emulsion paint, (Black color), 
S8   Acryl-polymer emulsion paint, (White color), 
S9   Acrylic latex, (White color), 
S10  Aluminum pigmented coating, (Silver color), 
S11  Acrylic insulating paint, (White color), 
S12  Aluminum pigmented acrylic coating, (Silver color), 
S13  Epoxy polyamide coating, (White color), 
S14  Acrylic paint, (White color), 
S15  Uncoated tile (reference concrete plate), (White color), 
S16  Acrylic elastomeric coating, (White color). 

 
Synnefa etal. pointed that mean maximum daily surface 
temperature measured from coated plate surfaces during day 
time of August and September increased up to 67.92 oC on the 
test plate-7, (S7), which had emulsion black paint as a surface 
coating. Minimum mean daily surface temperature measured 
was 32.13 oC on the test plate-16, (S16). Mean surface 
temperature levels in this study demonstrate the importance of 
the surface coating effects.  
 island effect  was supplied by 
Yang etal. [9] and they reported that performance of heat 
island prevention works (pavement coatings etc.) in the canyon 
type locations was influenced mainly by the canyon geometry. 
They wrote that, in a high-density residential area, modifying 
pavements might change their surface temperature slightly but 
this action had insignificant effect on the wall temperature 
(Fig.4) and building energy consumptions. 
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Figure 4: Average diurnal profiles of predicted temperatures with 

different albedo a) Temp. of pavement surfaces without canopy, b) 
Temp. of pavements located in a high-density residential area, with 

canopy; c) Simulated temperature of building wall surfaces in 
Phoenix (US) during 12-17 June 2012, [9]. 

 
Figure 4 illustrates some results of Yang etal. which were 
predicted and simulated temperature fluctuations for summer 
daytime of Phoenix (US).  Figure 4a showed that increasing 
pavement albedo decreased the pavement surface temperatures 
considerably. Comparing Fig. 4a and Fig. 4b illustrates the 
influences of canopy. Shading effects in residential areas cause 
gradual decrease of pavement surface temperatures. The 
resultant test curves like given in Fig. 4b have then step 
downward inclinations in afternoons. Yang etal. stated [9] also 

ith reduced road surface temperatures, the reflective 

pavement emitted less longwave radiation to the canyon 
environment. Nevertheless, more shortwave radiation was 
reflected that the combined effect of the reflective pavement 
was complicated . Figure 4c presents surface temperatures 
measured on the building walls. During diurnal cycle, 
increasing pavement albedo resulted in a warming effect on 
building walls (in between 10:30  15:00 local time). These 
researchers then wrote that; increased wall temperature 
indicated that reflected shortwave radiation outweighed 
reduced longwave radiation from the reflective pavement  
during this time period. In other time, reflective pavement led 
to cooling of wall surface temperatures.  

III. MATERIALS AND METHODS  

To obtain similar local temperature decreases at heat island 
formed during summer daytime in Elazig, Turkey, heat- 
resistive materials (heat insulation minerals) which have been 
used in constructions industry are facilitated in this study here 
to produce heat sensitive floor coating materials, concrete 
plasters. Pavements in most of the city centers are covered 
usually by precast small sized, concrete blocks in Turkey. 
These small, 8 cm thick, concrete blocks are produced in 
different surface forms and shapes. Summer daytimes are very 
hot in Elazig. Weather temperature can reach up to 40 oC. 
People have their hot weather experiences in this city like all 
the other hot cities. They have obstructed themselves to go 
outside in between 11:00  16:00 
conditions are disturbing people in heat islands in cities due to 
hot building walls, hot roads and hot pavements etc. They 
prefer to go soil and grass covered open areas which have 
lower outside temperatures. However, even those places are 
very hot during days of August in Elazig. High temperature 
conditions over the asphalt roads, concrete pavements, stone 
slap covered city squares are common in Elazig in these hot 
daytimes. Therefore as a first stage of this research here; 
concrete heat-resistive plasters which were prepared from 
different heat resistive rock aggregates had been applied over 
standard concrete pavement blocks. In the second stage, white 
colored cool coating materials were used additionally to cover 
some of the samples used in the first stage.  

Pavements in Konya and Elazig city are mostly covered by 
means of small precast concrete pavement blocks (one of the 
pavement models is give in Fig. 5). They are 8 cm thick and 
sometimes colored in reddish and yellowish other than the 

r. Their standard aggregate 
sizes, Portland cement and water mixture ratios are kept stable 
in factories where they are pre-shapely casted together with 
vertically applied pressure. Similar standard mixture ratios 
were used in this work to produce heat-resistive plaster 
concrete and different plaster samples were put on the standard 
pavement block surfaces as thick as 1.50 cm.  This sample 
preparation work was like thick plastering application in 
construction works. Plastering mixtures which were prepared 
for covering the ordinary concrete pavements blocks were 
arranged in different aggregate types. Thus, standard concrete 
pavement blocks handled in this study had been coated with 

c) 

a) 

b) 
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these especially prepared concrete plastering mixtures. The 
resultant heat-resistive concrete pavement blocks were then 
totally 9.50 cm in thickness (standard concrete thickness: 8 cm 
+ heat resistive plaster thickness: 1.50 cm), (Fig.5).  

In order to compare effectiveness of heat-resistivity, 6 
different types of rock aggregates were used separately to 
prepare 6 different heat-resistive plasters. These aggregate 
types were; Aksaray pumice, Nevsehir pumice, tuffs, perlites, 
white marble powders, Karapinar basic pumice (black in 
color). For each type of heat-resistive aggregate, 3 standard 
concrete pavement blocks were plastered in mining 
engineering laboratory of Selcuk University, (Konya, Turkey). 
That means, each plaster type, (made up from each aggregate 
type), was tested through 3 pavement blocks (Fig. 5). After 
application of plasters, samples had been regularly wetted until 
the plasters and standard concrete blocks were combined 
together totally.  

 

 
 
 

 
Figure 5: Heat resistive concrete pavement block samples, prepared 

for surface temperature tests by coating their top surfaces with 
especially prepared heat resistive concrete plaster. 

 

IV. TEST RESULTS 

In this study 7 different concrete pavement blocks (each has 
3 samples, then 7x3= 21 test blocks totally) were taken into 
tests. Surface temperature measurement tests were performed 
in Elazig city centre, that means selected test location was an 
urban area which includes canopy effects. All the test samples 
were put on a flat floor under the sun in Fall season of 2017. 
First stage tests include all the heat-resistive concrete 
pavement blocks including the standard ones which were not 
plastered for reference data. After collecting surface 
temperature data for the first test stage, second test stage was 

started after applying cool coating materials (white colored) on 
one member of each 7 different concrete pavement block 
group. White coating materials used here was polyester putty 
(filling) and coating material. This material has common usage 
in automotive maintenance activities in Turkey. In order to 
increase the coating material effectiveness, top surface of the 
heat-resistance concrete pavement blocks were painted with 
white colored oily synthetic paint. This paint has been 
commonly used in buildings in Turkey.  Second test stage in 
this research included the surface temperature data which were 
taken from these coated and painted pavement block surfaces.  
These two test stages produced enough data which are plotted 
separately in Fig. 6.  
 

 
            a) 

 
            b) 

Figure 6: Mean surface temperature obtained from especially 
prepared heat-resistive concrete pavement blocks; a) First test stage 

results, (mean surface temperature fluctuation on plastered pavement 
blocks); b) Second test stage results (mean surface temperature 

fluctuation on plastered and then white cool material coated & white 
painted concrete pavement blocks. 

Heat-resistive plaster layers Standard blocks 
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V. CONCLUSION 

This study summarized the differences in surface 
temperatures obtained from different pavement blocks which 
were plastered by different insulation materials. Heat-resistive 
concrete plaster layers were applied to standard pavement 
blocks. In order to obtain heat-resistive plaster, 6 different 
heat-resistive rock aggregates were used. Main consideration 
was to determine which heat-resistive aggregates were suitable 
to obtain cool pavement surfaces. Graphics obtained in this 
study present that effectiveness of heat-resistive pavement 
blocks on heat island effects depends on albedo characteristics 
and heat insulation capacity of the prepared plastering concrete 
layers. It was determined that heat-resistive materials which 
can be used as plastering materials for concrete pavement 
blocks prevent heat transferring in concrete pavement blocks. 
Therefore their surface temperatures were higher than the 

s which were coated with 
Aksaray-pumice aggregate plasters had highest mean surface 
temperature, (38.25 o clock). In this stage of the 
tests, highest mean surface temperature of standard concrete 
pavement blocks was 33.80 oC. This was the value reached on 

day time 
interval and mean surface temperature values can be explained 
by the thickness of heat-resistive plasters on pavement blocks 
and their heat resistance properties. It is important to point 
that, surface temperature of heat-resistive block decreased 
more rapidly when it was compared with the standard 
reference pavement block. This recognized point can be 
explained by heat storage capacity of the blocks. Heat-resistive 
plasters had obstructed heat radiating from sun and had 
declined the heat stored in concrete pavement blocks. Better 
results were obtained for pavement blo
temperature effectiveness when the white polyester putty and 
white paint were used to coat surface of them. Pavement 

ures in this test group were plotted 
and highest value was determined for Aksaray pumice 
aggregate plaster. The surface temperature for this test sample 
was 32.50 o

group had highest surface temperature value around 30.60 oC 
at a time of 14:30. Surface temperature difference was 5.75 oC 
for this two pavement blocks for common Autumn days of 
Elazig city. This result shows the effectiveness of albedo 
characteristic of pavement blocks. It was concluded that, heat 
transfer resistant materials which are used in common 
construction sites can be used to prepare plastering layers for 
concrete pavement blocks. It was evaluated that heat-resistivity 
of pavement block surface materials and surface albedo 
properties are two main   influencing parameters on heat-island 
in urban areas.  
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Abstract - The use of stone powder (SP) as a stabilizer to the 

clayey soil has been studied. Tests of Atterberg limits, 

compaction, fall cone (FCT), Laboratory vane shear (LVT), 

and expansion index (EI) had been carried out on soil-stone 

powder mixtures with fixed ratios of stone powder (0%, 5%, 

10%, 15%, and 20%) by the dry weight. Results indicated that 

the undrained shear strength obtained from FCT and LVT 

has been increased at all the admixture ratios, the expansion 

index reduced with the increasing of the stone powder. 

Keywords - clayey soil, stone powder (SP), undrained shear 

strength. 

I. INTRODUCTION 

Disposal of stone powder have been developing positively 

through many applications, attempts have been made in 

order to turn these wastes into useful construction materials. 

Results obtained by Nabil al-joulani [1] whose investigates 

the effects of using the stone powder and lime on some 

geotechnical properties of fine grained soil. They used 

0_30% of stone powder and lime by weight then evaluated 

the strength, direct shear, and CBR properties. They found 

that the addition of 30% stone powder has increased the 

angle of friction ( ) by about 50% and reduce the cohesion 

by about 64%. Also at the same amount of stone powder 

addition the CBR values increased from 5.2 to 16. 

Demirel [2] studied the effects of the marble stone dust on 

the compressive strength of concrete by adding the dust at 

particular proportions; the strength displayed an enhancing 

effect with the additive of marble stone dust. Also the 

sewage sludge entered in manufacturing the artificial 

aggregate. Also, H. M. A. Mahzuz [3] studied the use of 

stone powder as an alternative of sand in concrete mix and 

mortar. In that study, the stone powder concrete gained a 

compressive strength 15% higher than that of concrete with 

normal sand, the highest strength of mortar with stone 

powder reached to 33.02 MPa.  

 

 

Ali and Hashmi [4] tested the 28-days compressive strength 

of concrete cubes that its cement partially replaced with 

marble dust and its sand with stone dust. The result of the 

cube that contains 10% marble stone and 20% stone dust 

recorded an increase of about 15.23% in compressive 

strength. 

Valeria et al. [5] investigated the 28-days compressive 

strength of the concrete that substituted of sand by waste 

marble stone. The concrete provided compressive strength 

higher that of the control concrete mixture. 

Sakalkale et al. [6] studied the effect of marble dust stone 

by replacing with sand for about 50% by the dry weight on 

the compressive strength of concrete. The result shows that 

there is about 10.72% increase in compressive strength. 

Birinci et al [7] tested the compressive strength of the 

concrete after replacing 50% of sand with marble dust and 

limestone dust. The compressive strength of the marble 

sand concrete was better than that of limestone concrete. 

In this study, laboratory tests were carried out to establish 

whether the stone powder can be effectively used as a 

stabilizer for the clayey soil. We aspire that this study can 

be useful to provide further valid uses of stone powder. 

 

II. TEST METHOD 

 

The soil collected from Gaziantep university campus and 

has been grounded into fine particles to pass through a #200 

sieve. Then the fine soil and the stone powder had been 

dried in an electric oven for 24 hr. before being used as an 

additive to the clayey soil. Hence the admixtures were 

manufactured with SP at five ratios (0%, 5%, 10%, 15%, 

and 20%) by weight. 

Tests like Atterberg limits, compaction, unconfined 

compressive strength, fall cone, laboratory vane shear, and 
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swelling were carried out to study the performance of the 

additives on the geotechnical properties of the soil. 

Other tests like EDS analysis and SEM pictures were 

performed to the SP. 

Atterberg limits tests were applied according to ASTM 

D4318 standard [8] to obtain liquid limit (LL), plastic limit 

(PL), and plasticity index (PI). Variations of PI of the soil 

after and before the addition of the SSA and SP were then 

studied. Compaction tests can obtain the maximum dry unit 

weight ( dmax) and optimum moisture content (OMC) of the 

soil and the mixtures of soil with SSA and SP specimens at 

various water contents. Furthermore, the obtained OMC 

from compaction tests was used to control the water 

amounts for the samples that approved to be tested for 

unconfined compressive strength and swelling potential 

tests, which were performed to find the stress;  immediately 

without curing time; and the volumetric swell of soil 

specimens, respectively. The fall cone test was performed 

to evaluate the liquid limit (LL) and the undrained shear 

stress for the soil and the soil with the admixtures. Also the 

laboratory vane shear test was carried out to obtain the 

undrained shear strength. 

 

III. RESULTS AND DISCUSSION 

 

A. Characteristics of materials 

i. Untreated soil 

Table 1 shows the properties of the untreated soil. The soil 

in this study was categorized as SC soil according to USCS 

classifications. In accordance to AASHTO the soil grouped 

into the category of A-1-a. 

ii. Stone powder 

The same procedures were carried out to test the chemical 

components of the SP. The EDS/SEM results shown in 

table 2 - 

 

Table 1: Properties of untreated soil 

  

Liquid limit (LL) 34.5 

 

Classification (USCS) ML 

 

Classification (AASHTO) A-1-a 

Maximum unit weight 

(KN/m3) 

1.65 

 

Optimum moisture content (%) 17.58 

 

Unconfined compressive 

strength (KPa) 

400 

Plasticity index (PI) 6.55 

Table 2 Results of EDS analysis for stone powder (in wt%) 

Elements Fe Al Si Mg Ca O C Na K 

SP 0.172 0.513 0.634 0.243 29.34 54.648 13.403 0.15 0.02 

 

-or accelerate the pozzolanic reaction. Furthermore, it is 

rich in calcium which is about 20% more than the calcium 

in SSA. This improves the ability of SP in enhancing the 

mechanical properties of soil. Also, it has regular and semi-

spherical grains shape as  seen in fig. 1. 

B. Atterberg limits 

In order to study the changes on the physical properties of 

the soil after and before adding the SP, tests of liquid limit 

and plastic limit were performed according to ASTM 

D4318 standards.  

In general, the smaller PI means the better workability of 

soil. From the results, it can be seen that the PI of the SP 

admixtures increased with the amount of SP added as 

shown in fig. 2 and 3. 

C. compaction test 

The compaction is carrying out in order to re-arrange the 

soil particles by the process of mixing the soil with water 

and applying external energy to the soil. Hence, with the aid 

of watering and re-arranging of particles by compaction 

energy, the soil can reach its densest condition. The test 

performed according to ASTM D 1557-98, 2000) [9]. Fig.4 

shows the effects of the additives on the compaction 

properties of the soil. 

 

 

Figure 1: SEM picture of SP used during the study work. 
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Figure 2: Variation of liquid limit with addition of stone 
powder. 

Figure 3: Effect of addition of stone powder on the 
plasticity index. 

The results indicated that each stabilizer showed its own 

compaction behavior with different optimum moisture 

content and maximum dry density ( dmax). Although  

seen that the addition of the SSA and SP had very small 

impact on the compaction behavior. It is believed that the 

adding of the SP resulted in change of the untreated soil 

properties. The SP admixture improves the interlocking 

force between the soil particles as the optimum moisture 

content lowered with the amount of SP and the total stresses 

are conserved among the soil particles, the soil stress rises 

with the decrease of water generated stress. The adding of 

SP does not have much effect on the optimum moisture 

content and the dry density, the results were very close to 

that of the untreated soil. 

D. unconfined compressive strength 

Fig. 5, showing the unconfined compressive strength at 

different amounts of SP added to the soil and according to 

ASTM D 2166-98 (2000) [10]. All the specimens were 

tested immediately after mixing. 

 

 

Figure 4: Effect of addition of stone powder on density-
moisture content relationship. 

when the treatment started with SP admixture, the UCS 

decreased at all stages but it is clearly noticeable that the 

soil tended to behave more ductile, fig 5, shows that the 

area under curve which is equal to the absorbed energy by 

the soil mixture. Ductility is the ability of the materials to 

deform under tensile stress or the ability of material to resist 

plastic deformation without rupture, it can be evaluated by 

the engineering strain at which the material fractures during 

the uniaxial tensile test. The lack in ductility is termed 

brittleness. In general, the differences in ductility and 

brittleness do not affect the strength of the material, but the 

material with high ductility is often more desirable. The 

more ductility improved at the mixture of 10% SP, as well 

as, the more strength was at 20% SP. 

Figure 5: Effect of stone powder on the unconfined 

compressive strength. 

E. Fall cone test 

The FCT was carried out following the BS 1733 standards 

[11]

80 gm. weight. The FCT was performed to evaluate the 

undrained shear strength as well as to find the liquid limits 

for the raw soil and after the admixtures added. The soil 

samples had been placed in a stainless steel cup in 

dimensions of 55 mm diameter and 40 mm height, so the 
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cone tip just touches the sample surface. The cone then 

released into the sample for 5 s. then the penetration depth 

was recorded by a dial gage and the Su was calculated by 

the following equation: 

                                                                 (1)                                                                                                     

Where, k is the factor of the cone depending on the cone 

angle. K = 0.0255 (Wood 1985) [12] according to the cone 

gm, g is the earth acceleration, and d is the cone penetration 

depth. The liquid limits according to (BS  1377  1975) is 

the water content at the cone penetration of 20 mm. in fig. 

6, it can be seen that the cone penetration decreases with 

decreasing water content, the results indicates that there is 

approximately linear relationship between the cone 

penetration and the water content for all the clay-SP 

mixtures 

It can be seen from fig 7 that the undrained shear strength 

increased as the amounts of additives increased, in the same 

time, the strength decreases as the water content increase. 

The main influential factors affecting the undrained shear 

strength are the cohesion and internal friction angle of the 

soil particles which are directly related with the soil water 

content. In this test, it can be seen that the SP particles 

reduced the clay fractions due to the flocculation and 

agglomeration effect. The SP particles caused a formation 

by increase the friction strength of the soil particles.  

F.  Laboratory vane shear test 

The laboratory vane shear test was performed to the same 

samples tested in fall cone test and according to ASTM D 

4648-49 standards [13]. The device consists of four blades 

connected at right angles to each other; the height of vane 

according to the standards should be twice the diameter of 

each blade. The test procedures are to insert the vane into 

the sample in a metal cup and rotating it in a constant rate 

until the sample fails. At the failing moment, the torque is 

then recorded by the dial gage to be used; with the analysis 

of the vane size and geometry; in the calculation of the 

undrained shear strength. Following equations are using in 

the shear strength calculations,    

                                                                               (2) 

Where: 

T =the maximum torque to shear the samples, which is the 

angle of rotation and the spring constant, 

K = constant depend on the dimension and the shape of 

 

Figure 6: Relation ship between cone penetration depth and 
water content at different ratios of stone powder. 

Figure 7: Variation of undrained shear strength from FCT 
with addition of stone powder. 

K                                                           (3) 

Where, 

D is the diameter of the vane, and 

H is the height of vane. 

The undrained shear strength influences principally by the 

cohesion and internal friction angle, which are already 

influenced by sample water content. The relationship 

between the vane shear strength and the water content for 

the untreated and treated soil for all the additive ratios is 

showed in fig. 8. It seen that the undrained shear strength 

determined by the vane test decreases with the increase in 

water content for all the proportions of SP, the undrained 

shear strength of the treated soil at the same water content 

is greater than that of untreated soil. From these results, it 

can be realized that the addition SP leads to reducing or 

disappearing of clay fractions due to the flocculation and 

agglomeration effect, considering the particle size 

distribution. 
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G. Expansion index (Primary swell) test 

This test has been carried out to determine the expansion 

potential of a soil in accordance with ASTM D 4829-95, 

2000 test specification [14]. The expansion potential was 

the used to classify the soil according to table 3, (Day, 

Robert W., soil testing manual), as it has very low, low, 

medium, high, or very high expansion potential.  

Test procedures were first the preparation of the soil 

specimens of untreated and the treated sample with the 

fixed ratios of additives. Each sample was mixed at it 

maximum dry density and optimum moisture content 

conditions. The soil sample was then compacted in a ring of 

50 mm in diameter and 10 mm in height. The ring mould 

included the soil sample was then placed in a surrounding 

container with dry and clean porous plates above and under 

the ring sample. This container with the sample was then 

placed in the center of the consolidometer device; Initial 

dial reading was recording within the first 10 minutes of 

applying the pressure. 

The container was then filled with water and allowed to 

swell for 24 h. The primary swell is the considered to be 

10% of the expansion index which is calculated by equation 

(4) 

 

Table 3: Typical soil properties based on expansion 

potential. 

Expansion 

potential 

Very 

low 
low medium high 

Very 

high 

Expansion 

index (%) 
0_20 21_50 51_90 91_130 >130 

 

)                      (4) 

Where; 

EI = the expansion index; 

hf  = final reading (height) of the specimen at the end of 24 h 

of swelling; and 

hi = initial reading (height) of the specimen. 

In general, the more fine particles soil, the more expansive 

soil. The soil used in the study is classified as fine soil size 

that is passed sieve #200. This is the cause of the high 

SP has not been significantly affected the expansion 

potential because it is finer than the clay particles of the soil 

used. 

IV.  CONCLUSION 

This study is dedicated to the purpose of reducing the 

damage of sewage sludge ash and stone powder in the form 

in which they are converted into effective materials. SP was 

applied to cohesive soil. Results from the experimental 

work can be concluded as follow: 

 

 

 

Figure 8: Variation of undrained shear strength from LVT 
with addition of stone powder. 

 

1. There is an increase in liquid limit with increasing the 

amount of SP. The plasticity index decrease which indicate 

that the soil properties improved. 

 

2. The unconfined compressive strength of SP soil samples 

decrease with admixture amount. The best increasing of 

unconfined compressive strength and increase the ductility 

behavior of the soil. 

 

 

3. whether by the fall cone test or by the vane shear test, 

the undrained shear strength obtained from both fall cone 

and vane shear tests recorded un increase with the 

increasing the amount of SP. 

 

4. The swelling potential is clearly improved for SP 

admixtures. This waste can be classified as helpful 

additives in the volumetric stabilization of soil. 
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Abstract - In this report, we have succeeded in using 
chemical spray prolysis technique to grow high transparent 
and low resisteve boron doped indium oxide films. The films 
were deposited on glass substrates at 380 0C. The molarity 
of the boron  were setted as 0.02, 0.03, 0.05, 0.07, 0.09 and 
0,1 mol. The structural properties of boron doped films 
were studied using X-ray diffractometer and 
ther
Harshav TLD system 3500 manual TL reader. 

 

Keywords - In2O3 films; Spray prolysis; physical 
properties   

I.  

It is known that thin films of the metal oxides In2O3, are 
important semiconductor materials with wide band baps, 

good chemical stability, and transparency to visible light. 
With suitable doping, they represent very low resistence, 

giving rise to the nomenclature of transparent conducting 
oxide (TCO) films, and can be applied in many fields, 
such as transparent electrodes used on 

electroluminecence (EL) devices, photodetectors (PDs), 
solar cells, optoelectronic (OE) devices and functional 

materials for gas sensors, thermal reflector coatings, and 
surface heaters. Today, polycrystalline In2O3 films have 

a wide variety of applications in the manufacturing of 
devices such as gas sensors, flat panel displays, 
transparent electrode materials, solar cells, 

electroluminescent diodes, etc.  

During the last few decades, thin films of oxide material 
have been developed from binary and turnery compounds 

using various techniques. Numerous and conventional 
preparation methods include vacuum and e-beam 
evaporation, RF and vacuum arc plasma evaporation and 

spray prolysis method.  

The spray prolysis method is a simple, non-vacuum 
deposition process that offer several advantages over 
vacuum deposition techniques, such as cost 

effectiveness, large area coating capability, and ease of 
compositional modification. Our approch will be to 

obtain transparent, conductive, and intentionally doped 
and undoped indium oxide films by using spray prolysis 
method on high clean glass substrate. We used the spray 

prolysis technique to explore the effect of B dopants into 
indium oxide matrix. It is a versatile technique enabling 

deposition of small area uniform films. In the spray 
prolysis method the direct drolplet deposition at the hot 
substrate takes place. 

Thermoluminescence (TL) technique is widely accepted 
as a useful and reliable technique to study defects in 
semiconductor materials, but the more widely spread and 

sucessful application of the TL is in the field of radiation 
dosimetry. Many phosphor material, synthetic as well as 

natural, have been charecterised to evaluate their 
feasibilty as thermoluminescence dosimeters (TLD). 
Boron doped and undoped indium oxide exhibits TL 

under irradiation with different sources and striking 
radiation hardness. Morover, indium oxide is inert to 

environmental conditions, nontoxic and insoluble in 
water. 

II.  

Spray Prolysis Method and Experimental Setup 
 

The spray pyrolysis method is simply based on spraying 

a finely atomized solution onto a suitable substrate. The 
chemicals contained in the spray solution are expected to 

fulfill the following conditions. 
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1) On thermal decomposition the chemicals in solution 

form must provide species/complexes that will undergo a 
thermally activated chemical reaction to yield the desired 

thin film material. 

2) The remainder of the substituents including the carrier 
liquid should be vaporisable the subslide temperature.  

The substrste has a great influence on the deposition 
process and substrate heating and temperature control in 
the process the spraying rate, the size of the sprayed 

particles and the spray patterns are strongly influenced by 
the geometry of the spray nozzle used. 

After atomisation, gas stream carriers fine droplets onto 

a heated substrate and as the droplets approach it, in ideal 
conditions, the solvent is expected to vaporise entirely 

leading to the deposition of the non-volatile constituents. 
However, a variation in a droplet size will give rise to a 
number of different deposition processes, depending on 

thermal behaviour of differently sized droplets. 

 

Figure 1: Schematic diagram of spray pyrolysis system 

 

III.  

Substrat Cleaning 

 

The substrate cleaning process is carried out in steps as 
seen in Fig.2  

 

Figure 2: The cleaning process of glass substrate. 

All substrates used in this study have been prepared and 

cleaned as follows 

First: The glass substrate is immersed into the distilled 

water to clean the dust on its surface,15 minutes. Then it 
is taken out from the distilled water and dried. 

 Second: The substrate taken from the first cup and dried 

is immersed into the methyl alcohol and left there for 15 
minute to clean the oily substances on the surface of the 

substrate, and then it is taken out from this liquid and 
dried in air. 

Third: The dried substrate is immersed into the third cup 
filled with isopropil alcohol and it is treated again for 15 

minutes to obtain a smooth surface. 

Finally: The substrate is treated with the distilled water 
as in first step to clean all residues remaining on the 

surface of the substrate during the other processes. 

 

Indium Oxide Films 

 

Indium oxide films were deposited on highly clean glass 

substrates (about 0.5 cm2 of geometric area) at a constant 

technique. The starting materials were used InCl3. 100 

mlt spraying solution was prepared at the 0.05M, the 
spray flow rate was adjusted to about 0.3 mlt per minute 

and the distance between the nozzle (head of the sprayed 
source) and the substrate was kept at 20 cm in all cases. 

 

Irradiation Part 

 

Figure3: Radiation 90Sr-90 Y b- source used in our 
experiment 

TLD Reader 

The glow curve measurements were made using a 
Harshaw TLD System 3500 Manual TL Reader. 
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Figure 4: Harshav TLD system 3500 manual TL reader 

 

IV. MEASUREMNTS AND RESULTS 

Dose Respounse Characteristics 

 

The InO films prepared by spray depositing on to a high 
cleaned glass substrate. Sample is polycrystalline with 

cubic type structure. In this study, we have firstly 
investigated the dose response characteristics of In2O3 
thin film from linear heating rate of 1 oC/s. 

Amount of chemical used in this study, 

Sample A: 0,1 mol H3BO3, 50 ml H2O 

Sample B: 0,05 mol H3BO3, 50 ml H2O 

Sample C: 0,03 mol H3BO3, 50 ml H2O 

Sample D: 0,02 mol H3BO3, 50 ml H2O 

Sample E: 0,07 mol H3BO3, 50 ml H2O 

Sample F: 0,09 mol H3BO3, 50 ml H2O 

 

Figure 5: The glow curves of all sample A, B and D after 
 

 

 

Figure 6: The glow curves of Al sample E, F and C after 

f 1  oC/s.     

 

Thermoluminescence glow curves (TL) of In2O3 thin 
films were obtained using a Harshaw QS 3500 Manual 

type TL reader, having S-11 response photomultiplier 
tube. TL curves were obtained using a platinum planchet 

at a linear heating rate of 1 oC/s up to 400 oC, except for 
the heating rate experiments. The samples were weighted 
as fifteen milligrams and were irradiated for 15 minutes 

at room temperature with a 90Sr
delivering about 0.9 Gy/min. 

The dosimetric characteristics of any TL material mainly 

depend on the sensitivity, energy response and the kinetic 
parameters quantitatively describing the trapping

emitting centers responsible for the TL emission.   

 

TL glow curves showed that the H3BO3 concentration 
changes the glow curve structure and the maximum TL 

intensity of In2O3 thin film was obtained at 
H3BO3concentration of 0.1 mol (Fig. 4.1). TL intensities 
decreased with increasing H3BO3concentration. 

 

XRD Analysis of Boron Doped InCI3 Samples 

 

All of the samples were grown on glass substrate at 
3800C by using spraying pyrolysis method. Boron doped 

films were deposited by adding boric acid (H3BO3) as a 
dopant source to the solution. Boric acid presumably 
exists in the form of borate, BO-3 . Table 1 presents the 

chemical content of the spraying solution. 
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Table 1: The chemical content in spraying solution 

InCl3(M) H3BO3(M) 

0.1 0.02 

0.1 0.03 

0.1 0.05 

0.1 0.07 

0.1 0.09 

 

Figures 1 from (a) to (e) represented here are showing X-
ray diffraction patterns of boron doped indium choride 

films prepared at different boric acid molarity. X-ray 
diffraction measurements were carried out for films 
deposited by varying the molarity of  H3BO3 while 

keeping all other parameters constant as given in Table 
1. 

All peaks in the diffraction pattern correspond to the 

hexagonal structure of mainly In(BO3)(Indium Borate) 
and  InOCI (Indium Oxide Chloride) indexing on the 

basic of JCPDS card. Polycrystalline hexagonal and 
cubic InO of random orientation are known to show 
many strong X-ray diffraction peaks. All diffractograms 

of the prepared films clearly indicate the polycrystalline 
nature of the In(BO3) and  InOCI films. The preferential 

orientations are along (102), (006), (202), (204) and 
(211) crystal planes. It is also indicated that the intensity 
of existed peaks are explicitly dependent on the variable 

boric acid molar concentration during crystal formation. 
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Figure 6 (a): XRD pattern of 0.02 M boric acid doped 
InCl3 

According to Table 2 and figures [from fig.1 (a)to (e)] 

there are two main components of crystallization of 
In(BO3) (indium borate and InOCl (indium oxide 

chloride). The crystallization of In(BO3)  along (102), 

(104),  (006) and (202) planes requires more energy than 

that of others lying along the planes. 

 

With the H3BO3 molar ratio increased up to 0.09, the 
growth orientations of (102), (104),  (006) and (202) are 

dominant. Further increase of the H3BO3 molar ratio 
results in the disappearance of (011), (201) and (105) 

peak.  Finally, the In(BO3) film presents a (102), (006) 
and (202) preferential orientations at all molar ratio of 
H3BO3. From the above results, we can conclude that 

boron-doping plays an important role in the crystal 
orientations of In(BO3) films and effectively modifies 

the microstructure of the films. The preferred orientation 
of In(BO3) films is due to the controlled nucleation 

process associated with the low formation rate of 
In(BO3). Regardless of boron doping concentration no 
change of the crystal structure by boron doping ratio is 

observed. This gives strong support to the formation of 
boron doped InO films by spray pyrolysis technique. 
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Figure 6 (b): XRD pattern of 0.03 M boric acid doped 
InCl3. 

Figure 6 (c): XRD pattern of 0.05 M boric acid doped 

InCl3  
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Figure 6 (d): XRD pattern of 0.07 M boric acid doped 
InCl3 
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Figure 6 (e): XRD pattern of 0.09 M boric acid doped 
InCl3 
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Figure 7: All XRD patterns of boric acid doped InCl3 
together. 

A trend is observed that intensity of the patterns of the 

films is to decrease with increasing of the boron doping 
ratio from 0.02 M to 0.05M and the FWHM value of the 

samples is to increase with increasing of the boron 
doping ratio from 0.02 M to 0.05M. And also, intensity 
of the patterns of the films is to increase with increasing 

of the boron doping ratio from 0.07 M to 0.09M and the 
FWHM value of the samples is to decrease with 

increasing of the boron doping ratio from 0.07 M to 

0.09M. The sharp diffraction peaks of the narrow FWHM 

indicate good crystallinity with an average grain size.  

 

The X-ray reflection peaks at different planes indicate 
that the films are polycrystalline over the whole studied 

range of boron doping concentration. The intensity of 
peaks and crystal orientations are influenced by the boron 

doping concentration. 

 

The registered X-ray spectra fit to a In(BO3) hexagonal 
structure without any new reflections. There is an 

additional peak of InOCI phase. The traces of either CI 
or In have been observed. This indicates that the O-2 are 
substituted at In+2 sites without changing the InOCI 

structure. 

 

Fig. 3 shows SEM micrographs of boron doped samples 
consisting of a dense layer with small crystallites. In 

addition, some large particles of approximately 5 m in 
size are embedded on the surface. Those particles are 

In(BO3), not those of an impurity phase, as no impurity 
phase is observed in the XRD pattern. Those particles are 
quite likely colloidal particles formed in solution and 

adsorbed on the substrate during the growth of the films. 
The formation of In(BO3) can take place 

heterogeneously on the substrate surface, depositing 
process, or homogeneously in solution, producing 

In(BO3)  precipitates. For the deposition parameters 
chosen in this study, it was expected that the deposition 
would occur via an ion-by-ion process, but the SEM 

results suggest that the homogeneous process was also 
operative. 

 

 

  

 

 

 

 

 

 

 

 

Figure 4.5 SEM micrographs of boron doped samples.  
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Abstract - In this study pervaporative separation capability of 
silica incorporated thermoplastic polyurethane (TPU) membrane 
was investigated at different case studies. Representative waste 
disposal for different industry was prepared synthetically. 
Toluene-water, chloroform-water, formic acid-water, isopropyl 
alcohol-water mixture were prepared in concentration of 3 wt. % 
and 
Membrane morphology was analyzed using scanning electron 
microscopy and polarized optical microscopy. Effect of 
membrane preparation technique on membrane affinity to the 
organic mixture was also investigated and the results were 
evaluated as a function of degree of swelling. Better flux of 0.73 
kg/m2.h and a separation factor of 14.9 were obtained at 
chloroform-water pervaporation. Pervaporation was also 
effective in toluene-water mixture separation. The quantitative 
results of the flux was chloroform>toluene>formic 
acid>isopropyl alcohol. 
 

Keywords - Thermoplastic polyurethane membrane, organic-
water separation, hydrophobic pervaporation, mixed matrix 
membrane 

I. INTRODUCTION 

  
Industrial waste disposal includes hundreds of contaminants 

such as ions, radioactive elements, bacteria, volatile organic 
compounds (VOCs) and these impurities have potential to 
show toxic effect on the living cell within water ecosystem. It 
is a legal obligation to treat waste water before discharging to 
the lake, oceans or seawater [1, 2]. 

The concentration of each contaminant changes according 
to the industrialization of the region. Based on these variables, 
there are several purification methods for VOC purification 
which are used in large scale [3-6]. Distillation, carbon 
adsorption, air stripping, biological oxidation, coagulation, 
chemical treatment, and membrane separation methods are 
used for water treatment. Either these units are employed in-
place or the waste disposal is drained to a general purification 
plant. In both cases, it is hard to remove small amount of 
dissolved chemicals from water.  Most of chemicals present in 
waste at very low concentration (<1000 pmm), therefore, it is 
needed to separate them selectively using selective 
purification technique such as the membrane process [7-11]. 

Membrane separation methods (eg. nanofiltration, reverse 
osmosis, pervaporation) are known as cost-effective and 
environmentally friendly solution for water treatment. For 
deep purification of dissolved or very dilute disposal waste, 
nano-porous or non-porous membranes are preferred. 

Separation system via membrane is defined in several ways 
based on the structural nature of the membrane and the driving 
force between the upstream and downstream of the membrane. 
For example, pervaporation is a chemical potential driven 
process in which non-porous polymeric, inorganic or mixed 
matrix membranes ar[12-16]. It is an appropriate method for 
deep water purification when the organic contaminants are 
very low scale (<1000ppm). In the case of the pervaporative 
separation, selected ions or solvent is adsorbed to the surface 
of the membrane and pass through it in vapor phase.  

Hydrophobic materials such as polyether-block-amid, 
poly(dimethyl siloxane), polyurethane, natural rubber are used 
for organic removal. Uragami (2014) studied for chloroform-
water pervaporation using PDMS-PMMA membrane and 
obtained a flux of 1.9*10-5 kgm/m2.h with a separation factor 
of 4850 [17]. Khayet and Matsura (2004) also studied for 
chloroform-water mixture by using PVDF membrane [18]. 
Satyanarayana et al. (2004) used two different commercial 
membrane for toluene-water pervaporation [19]. In a study by 
Simone et al. (2012) Ethylene Chlorotrifluoroethylene 
copolymer membrane was fabricated and used for toluene 
separation from water. They reported a total flux of 0.193 
kg/m2.h with a separation factor of 849 at the room 
temperature [20]. Isopropyl alcohol-water pervaporation is a 
most recent study in pervaporative study. However, a big part 
of these studies have been performed for isopropyl alcohol 
dehydration by using a hydrophilic membrane [21, 22]. 

In this study pervaporative separation capability of silica 
incorporated thermoplastic polyurethane (TPU) membrane 
was investigated at different case studies. Thermoplastic 
polyurethane has very unique feature. TPU consists of both 
the soft polyether/polyester segment and hard aromatic 
urethane segment that change the adjustable segmental 
properties of the TPU. When TPU is used as non-porous 
membrane, as its soft region allows to passage of organic 
molecules, the hard segment gives mechanical durability over 
the long term separation process under forcible conditions.   
Additionally amine bond of urethane enhances the 
hydrophobicity of TPU and it contributes increasing the 
organic selectivity. According to the membrane preparation 
method, period, and solvent type, phase separation can be 
occurred within TPU and the crystalline structure of TPU is 
directly affected [23]. Therefore, in this study it was aimed to 
obtain high organic separation factor due to the selective 
nature of TPU. Representative waste disposal for different 
industry was prepared synthetically. Toluene-water mixture 
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was selected for paint and resin industry, chloroform-water 
mixture was selected for pulp-paper and polymer industry, 
formic acid-water mixture was selected for textile, and 
isopropyl alcohol-water mixture was selected for 
pharmaceutical and semiconductor industry. Effect of 
crystalline structure on the degree of swelling was investigated 
at a given temperature and feed composition of organic-water 
mixture.  The pervaporation performance of crystalline silica 
loaded TPU membrane was also investigated as a function of 
total flux and organic separation factor. In conclusion, the 
silica loaded TPU membrane showed high affinity to 
chloroform and toluene than that of isopropyl alcohol and 
formic acid. 

II. EXPERIMENTAL 

A. Membrane Preparation 

In this study silica-TPU membranes were prepared by using 
solution-casting method. 10 wt % TPU was dissolved in N,N-

homogeneously dispersed into the polymer solution and stirred 
in ultrasonic bath. In order to determine the effect of 
crystalline structure on separation performance, membranes 
were dried in two different ways. In the first way, pre-
membrane solution (TPU-DMF and silica) was dried slowly at 
the ambient temperature. In the second way, pre-membrane 

membranes dried rapidly in vacuum oven were entitled as PC-
TPU for plain-crystalline TPU, SC-TPU for silica loaded 
crystalline TPU, and the membranes dried slowly at room 
temperature were entitled as PA-TPU for plain amorphous 
TPU, SA-TPU for silica loaded crystalline TPU. 

B. Membrane Characterization 

The surface morphologies of the silica loaded membrane 
which was dried in oven were determined by polarized 
microscope (POM)(Nikon Elipse) scanning electron 
microscopy (SEM) (JEOL JSM-6000). 

C.  Swelling experiment 

The degree of swelling (DS)(%) test was done to evaluate the 
affinity of the membrane to the target component. For 
determination of the swelling degree, membranes were 
immersed in toluene-water, chloroform-water, isopropyl 
alcohol-water and formic acid-water solution with an organic 
concentration of 3 wt. %. Swelling degrees were calculated 
from the weight difference of the swollen (Ws) and dry (Wd) 
membrane as seen in Equation 1.  
 

          (1) 

D. Swelling experiment 

Pervaporation experiments were performed in a 
laboratory scale pervaporation unit with a volume capacity 
of 250 ml. The system was also defined elsewhere [24]. The 
upper side of the membrane was kept in atmospheric 
pressure and a pressure difference was occurred between 

the sides of the membrane with a vacuum pressure of 1mbar 
on the downstream side to maintain the chemical potential 
gradient. To create a chemical potential gradient between 
the sides of the membrane play a critical role on the 
performance of pervaporation. According to the solution-
diffusion phenomenon which defines the pervaporative 
separation accurately, the target component dissolved on the 
membrane surface, diffuses through the membrane and 
desorbs to downstream side resulting the chemical potential 
created by pressure difference.  

After the better membrane type had been selected with 
the results of swelling experiments pervaporation were 

binary water organic mixtures of chloroform/water, 
toluene/water, formic acid/water, and isopropyl 
alcohol/water solutions when the organic concentration in 
water was 3 wt. %. Permeate solution was collected in cold 
traps with an hourly interval and weighted to determine the 
flux (J)(kg/m2.h) as seen in Equation 2.  

 

               (2) 

where Wp (kg) is the weight of the permeate solution, t is 
pervaporation time (h), A is effective membrane area (m2). 

 

E. Analysis 

The organic separation fa
types of organic component separately using Equation 3. 

 
               (3) 

yi and xi represent the organic concentration in the 
permeate and feed respectively. yj and xj show the water 
concentration in the permeate and feed respectively. 

For this purpose, the concentrations of the organic 
compounds were determined in different methods. Formic 
acid concentration in water was determined using titration 
method. Isopropyl alcohol concentration in water was 
analyzed using gas chromatography equipped with a 
thermal conductive detector. Chloroform and toluene 
concentration in water were determined using Hach 500 
UV-Vis spectroscopy. 

III. RESULTS AND DISCUSSION 

A. Characterization Results 

Figure 1 indicates the surface morphologies of pristine 
(unfilled) and 10 wt. % silica filled TPU membranes. While 
the light phase represents the silica particle, the dark region 
indicates the TPU matrix. Figure 1a shows the smooth and 
dense structure of the unfilled TPU surface. Figure 1b 
indicates the homogeneous dispersing of the silica particle 
within the polymeric matrix. The interface regions between 
the silica and TPU clearly appear in Figure 1c and Figure 1d. 
As seen in the figure, the filled membrane was fabricated 
successfully without any fractures or defects between the two 
different structures (organic polymer-inorganic silica). This 
observation is very important for non-porous selective 
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membrane fabrication. Undesired defect-free region or voids 
between the polymer and inorganic particle would allow 
unselected passage of the other molecules with the target ones. 
Therefore, the mixed matrix, hybrid, and inorganic particle 
filled polymeric pervaporation membrane should be well 
fabricated without any adhesion-free region to achieve a 
selective separation. 

 

 
Figure 1: SEM micrographs of pristine (a) and silica filled TPU 

(b,c,d) membranes 
 
The homogeneous silica distribution is also confirmed by 

the polarized microscope micrographs as it is indicated in 
Figure 2. Silica particles were well distributed within the TPU 
and this case would be expected to affect positively 
pervaporation performance of the organic-water solution. 

 

 
Figure 2: POM micrographs of silica filled TPU  

membrane 

B. Swelling Experiment 

As seen in Figure 3, thermoplastic polyurethane shows high 
affinity to chloroform compared to other organics. Hence it 
could be predicted that the separation capability of crystalline 
TPU would be chloroform>toluene>formic acid>isopropyl 
alcohol. When the membranes were dried at ambient 
conditions, amorphous structure of membrane showed higher 
swelling tendency to the solvent. Therefore, PA-TPU and SA-
TPU exhibited higher swelling compared to PC-TPU and SC-
TPU. Additionally, affinity of the amorphous membrane to 
isopropyl alcohol increased compared to crystalline.  

 

 
Figure 3: Swelling degree of membranes 

 
However, the swelling degree results between the 300-400 

% are very high for selective separation. Therefore, SC-TPU 
membrane was selected to be used for pervaporative 
separation of organic-water mixtures.  

 

C. Pervaporation experiments of organic-water solutions 

 
According to the swelling experiment, membrane separation 

studies were performed using SC-TPU membrane.  Separation 
performances of the SC-TPU membrane in the pervaporative 
separation of isopropyl alcohol-water, formic acid-water, 
toluene-water and chloroform-water binary mixtures are 
presented in Figure 4 and Figure 5.  

 

 
Figure 4: Total flux results of SC-TPU membrane for binary 

mixtures 

Figure 4 indicates the flux result comparison of the different 
binary solutions. The flux results confirmed the swelling 
results. The better flux result was obtained in chloroform-
water solution as 0.73 kg/m2.h.  The quantitative results of the 
flux was chloroform>toluene>formic acid>isopropyl alcohol. 
This result was due to the interaction forces between the 
solvent and polymer.  For better understanding this interaction 
Hensen solubility parameters were given in Table 1. 
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Table 1: Hensen Solubility Parameters [25] 

Components     
Water 15.5 16 42.3 48.8 
Isopropyl 
alcohol 

15.8 6.1 16.4 23.6 

Formic acid 14.3 11.9 16.6 37.8 
Toluene 18 14 2 18.2 
Chloroform 17.8 3.1 5.7 18.9 
TPU 10 8.2 9.8 18.8 

 
dipole 

represents Hansen solubility parameter [26]. As can be clearly 
seen in the Table 1, Hensen solubility of the chloroform was 
almost the same with the TPU, therefore, the flux value of 
chloroform-water solution was the highest one resulting the 
higher affinity of the polymer to the chloroform. The 
quantitative order of the Hensen parameters were 
chloroform>toluene>isopropyl alcohol>formic acid>water. 
These results were almost the same with both the swelling 
results and flux results.  

 
Figure 5: Separation factor results of SC-TPU membrane for 

binary mixtures 
 

Better flux and separation factor was achieved in the case of 
chloroform-water and toluene-water solution. While the 
organic separation factor of 14.9 and 13.4 were achieved for 
chloroform-water and toluene-water binary mixtures, 5.8 and 
3.7 separation factor were obtained for formic-acid and 
isopropyl alcohol-water binary mixtures respectively. This 
result attributed to affinity of the membrane to the chloroform 
and toluene as indicated before related to Hensen Parameters. 

IV. CONCLUSIONS 

In this study, an amorphous and crystalline pristine and 
zeolite distributed membranes were synthesized. Firstly, four 
different membranes were immersed in chloroform-water, 
toluene-water, isopropanol-water, formic acid-water binary 
mixtures to determine the sorption capability of the 
membranes to the target component. Following the swelling 
measurements, pervaporation experiments of the binary 

organic composition of 3 wt. % by using crystalline silica 

loaded TPU membrane. Better flux of 0.73 kg/m2.h and a 
separation factor of 14.9 were obtained at chloroform-water 
pervaporation. Pervaporation was also effective in toluene-
water mixture separation. In conclusion, it can be concluded 
that the silica loaded TPU membrane which was dried in oven 
was very effective for chloroform-water and toluene-water 
separation.  

ABBREVIATIONS 

 

DMF  :  N,N-dimethylformamide 
PA-TPU :  Pristine-amorphous thermoplastic polyurethane 
PC-TPU :  Pristine-crystalline thermoplastic polyurethane 
PDMS  :  Poly(dimethyl siloxane) 
PMMA :  Poly(methyl metacrylate) 
POM  :  Polarized optical microscope 
PVDF  :  Polyvinylidene fluoride 
SA-TPU :  Silica loaded-amorphous thermoplastic 
polyurethane 
SC-TPU :  Silica loaded-crystalline thermoplastic 
polyurethane 
SEM  :  Scanning electron microscope 
TPU   :  Thermoplastic polyurethane 
VOCs  :  Volatile organic components 
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Abstract - As heterogeneous catalysts, catalytic membranes 
have received growing attention in recent years due to the 
economical and environmental concern. Generally, homogeneous 
catalysts are used in industry because of the high yield, but these 
catalysts are also associated with some major disadvantages such 
as recovery, reusability, equipment corrosion. Therefore, 
heterogeneous catalysts are preferred in reactions. Running a 
reaction under heterogeneous catalytic conditions has several 
advantages: easy to handle, safe to store, long life time, easy 
removal from reaction mixture by filtration and safe disposal. 
Especially, recovery and reuse of catalytic membrane is not need 
to additional neutralization, washing stages and so catalytic 
membrane can be used several times. In present study, catalytic 
composite membranes were synthesized by using polymer and 
heterogeneous catalyst in the laboratory. 

Polyvinyl alcohol as polymer and phosphomolybdic acid as 
catalyst were chosen for making catalytic membrane. Catalytic 
membrane was prepared by solution casting technique. Catalytic 
activity of the membrane was determined by esterification 
reaction of acetic acid and glycerol in the batch reactor. Effects of 
temperature, catalyst concentration and initial molar ratio on 
conversion values were investigated. The obtained results show 
that catalytic membrane can be used as an efficient catalyst. 
 

Keywords - Catalytic membrane, esterification reaction, green 
catalyst. 

I. INTRODUCTION 

Renewable fuel biodiesel is usually produced by 
transesterification of vegetable oils with methanol. Biodiesel 
production will generate about 10% (w/w) glycerol as the 
main byproduct. This increment of biodiesel production 
results in the accumulation of waste glycerol. Therefore the 
usage of excess glycerol in the alternative processes is 
investigated. 

Esterification of acetic acid with glycerol is a good 
alternative method for the production of valuable chemical 
from byproduct glycerol. The products of this reaction are 
monoacetin (MAG), diacetin (DAG) and triacetin (TAG). The 
usage areas of these products are freezing industry, the 
production of biodegradable polymers, cosmetic sector and 
fuel additives. In particular, DAG and TAG are used as 
additives for fuels such as biodiesel and gasoline. Biodiesel 
has weak oxidation resistance and high boiling point. These 
properties can be improved by using different additives. One 
of these fuel additives is TAG. The usage of TAG as a fuel 
additive improves the overall yield of biodiesel as well as  

 
improving cold flow resistance and knock properties [1,2]. 

 The esterification reaction of glycerol with acetic acid is 
generally carried out in the presence of homogeneous 
catalysts. These homogeneous catalysts are toxic, corrosive, 
harmful to the environment and unrecyclable. Therefore it is 
important to replace homogeneous catalysts with 
environmentally friendly catalysts.It is possible to overcome 
these disadvantages by using heterogeneous acid catalysts. 
The acidity of the catalyst has significant effect on glycerol 
esterification. Due to strong Bronsted acidities, Keggin type 
heteropolyacids (HPA) can be used instead of homogeneous 
acid catalysts. Heteropolyacids are strong Bronsted acids. The 
main disadvantages are low thermal strengths, low surface 
areas, high solubility in the polar environment and separation 
problems of the reaction mixture. For this reason, HPAs are 
impregnated with support layers such as activated carbon, 
silica, zeolite and polymeric matrix to obtain large surface and 
accessible active areas [3, 4]. Thus, the heterogeneous 
catalysts embedded in polymeric matrix which is called as 
catalytic membrane can be used repeatedly as a heterogeneous 
catalyst in the reaction mixture. 

In this study, phosphomolybdic acid was embedded in 
polymeric matrix for the preparation of a catalytic membrane. 
Catalytic membrane prepared was used as catalyst for the 
esterification with glycerol acetic acid in the batch reactor. 
Phosphomolybdic acid has low thermal resistance and surface 
area due to Keggin structure [1]. By the usage of the catalytic 
membrane in the reaction, the catalysts could be separated 
from the reaction mixtures easily, dissolution of the membrane 
in the reaction mixture could be prevented, and reused for 
repeated runs. It was also aimed to increase the catalytic 
activity by increasing the surface area of the catalyst in the 
membrane  [3]. 

II. EXPERIMENTAL 

A. Catalytic membrane preparation 

Aqueous 10 wt% PVA 
prepared at 90oC, during 3 h for the separation layer. The 
solutions were poured in a petri dish  and allowed to dry at 
room temperature. In order to obtain catalytic membranes, the 
appropriated amounts of catalyst phosphomolybdic acid were 
added in aqueous 5 wt % PVA solution. Glutaraldeyhde as 
crosslinking agent was also added to membrane solution. 

Development of efficient green catalyst 

acetic acid with glycerol 
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Catalytic layer of the membrane was poured onto the 
separation layer. The membrane was dried at room 
temperature.  

B. Application of catalytic membrane for the esterification 
reaction 

The reaction was carried out in batch reactor system. 
Schemes of membrane reactor is given in Figure 1.  

 

 
Figure 1: Batch reactor scheme [5] 

 
The esterification reaction of acetic acid (AcAc) and 

glycerol (GOH) was carried out by using catalytic membrane 
pieces as catalyst in the batch reactor. Reaction was carried 
out at various temperatures, molar feed ratios (AcAc to GOH), 
and catalyst amounts. The reaction solution was mixed under 
constant stirring at 400 rpm for 7 h. Samples from the reaction 
mixture were taken hourly and analyzed by NaOH titration. 
Conversion values were calculated by Eq. (1): 

 

NA0is the mole of acetic acid in the initial solution, and NA 

is the mole of acetic acid at any time. 

III. RESULTS AND DISCUSSION 

A. Effect of Temperature 

The acetic acid conversion as a function of reaction time at 
different temperatures is shown in Figure 2.  

 
Figure 2:. E ect of the reaction temperature on conversion of 

acetic acid (5% catalyst loaded membrane, M=3) 

 
With increasing the reaction time, the conversion behaviors of 
acetic acid in all conditions started to stabilize after the 
seventh hour. The acetic acid conversion increased with 
increasing the reaction temperature due to the endothermic 
properties of reaction [6]. The reaction equilibrium shifted 
towards the products and conversion value increased.As 
shown in Fig. 2, the conversion of acetic acid increased from 
47.46% to 60.53% as the temperature was raised from 65
85  

B. Effect of Catalyst Loading 

Figure 3 shows acetic acid conversion as a function of reaction 
time under different catalyst loading. 
 

 
Figure 3: E ect of the catalyst concentration of the membrane on 
conversion of acetic acid (75oC, M=3). 

 
percentage by weight 

of PVA weight in the polymeric solution.The number of acid 
site was increased with increasing the catalyst loading in the 
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membrane. Higher catalyst loading on membrane facilitated 
the accessibility of the active sites and rate of reaction 
increased [7]. The acetic acid conversion increased with 
increasing the catalyst amount from 5% to 15%. The 
conversion values in a batch reactor and in a membrane 
reactor obtain as 47.54% and 58.25%, respectively.  

C. Effect of Initial Molar Ratio 

Figure 4 presents the acetic acid conversion as a function of 
reaction time under different initial molar ratios. 
 

 
Figure 4: E ect of the initial molar ratio on conversion of acetic 

acid (5% catalyst loaded membrane, 75oC) 

 
The usage of excess reactant is an option to increase the 
conversion for reversible reactions. According to the Le 
Chatelier principle, when a change is applied to a system in 
dynamic equilibrium, the reaction equilibrium will shift to the 
products [8]. As can be seen from Figure 4, the conversion of 
acetic acid increased with an increase in the initial molar ratio 
of AcAc to GOH. When the initial molar ratio increased from 
1:1 to 6:1, aceticacid conversion increased from 38.69% to 
52.94% in the batch reactor.   

IV. CONCLUSION 

In this study, phosphomolybdic acid loaded PVA catalytic 
membrane was prepared by solution casting and was used as 
green catalyst for the esterification reaction of acetic acid and 
glycerol in the batch reactor. Phosphomolybdic acid loaded 
PVA catalytic membrane was found as very active in the 

acetic acid with glycerol.The effect of reaction 
parameters, such as temperature, molar feed ratioand catalyst 
concentration were investigated on the conversion of acetic 
acid. The highest acetic acid conversion of 60.53% was 
obtained when the reaction was performed in the conditions 
of 3:1 molar ratio of acetic acid to glycerol, the reaction 

 
The results of experiments show that environmental-

friendly catalyst embedded catalytic membranes are e cient 
for the membrane reactor applications in the esterification 
reaction. 
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Abstract - In this study, activated carbon production from peat 

was investigated in two different ways: direct activated carbon 
production from peat and activated carbon production from char 
produced peat. Activated carbon production from peat was 
carried out by chemical activation using KOH at carbonization 
temperatures of 500  produce 
activated carbon from char, firstly char is produced by 

produced from char at the C by 
chemical activation method using KOH. The pore structure of 
activated carbons was investigated using N2 adsorption and SEM. 

 
Keywords  peat, char, activated carbon, chemical activation.  

 

I. INTRODUCTION 

ctivated carbon is an adsorbent with a specific pore 
structure, no structural formula, high carbon content [1]. 

Raw materials to be used in the production of activated carbon 
should be added to the area intended for the use of activated 
carbon, to the nature of the process, are selected according to 
the cost. 

The most important physical property of activated carbon is 
the surface area. Another important parameter for the 
application of activated carbon is pore size. According to the 
definition of IUPAC (Union of Pure and Applied Chemistry), 
porous materials are classified in three groups: microporous 

mesoporous materials with a pore diameter of 20-
 

The number of studies on activated carbon production from 
peat is limited in the literature. In a study by Veksha et al., 
high calcium content peat was used to prepare activated 
carbons with CO2 activation and the effect of the temperature 
on the porous characteristics of activated carbons was 
investigated [2]. Uraki and colleagues performed activated 
carbon production from peat by steam activation in an electric 
furnace [3]. Khadiran et al. investigated the production of 
activated carbon using ZnCl2 and H3PO4 from peat soil [4]. 

In this study, activated carbon production from peat by 
chemical activation method was examined and the pore 
characterization of the produced activated carbons was 
investigated. 

II. MATERIAL AND METHOD 

In this study, peat was used for activated carbon production. 
Peat was obtained from Bolu region. The 

dried peat w
proximate analysis according to ASTM. The results are given 
in Table 1. 
 

Table 1: Proximate analyses results of peat (on dry basis, %). 

Ash Volatile matter Fixed carbon 

10,42 72,15 17,43 

 
KOH was used for activated carbon production by chemical 
activation method. Carbonization in the production of 
activated carbon was carried out in a tubular furnace at 500 , 
600   

In addition, activated carbon production from char was also 
carried out. For this reason, carbonization was carried out at 
temperatures of C. In these experiments, the 
char/KOH ratio is 1/1. Activated carbon production from char 
was carried out at a carbonization temperature of 600  

The pore structure properties of activated carbons were 
determined using N2 adsorption and scanning electron 
microscopy (SEM). Nitrogen adsorption was carried out at 
77K using Quantachrome Autosorb Automated Gas Sorption 
system. Nitrogen adsorption isotherms were measured at a 
relative pressure (P/Po) range of about 10-5 to 1.0. Surface 
area data of activated carbons were determined using 
Brunauer-Emmett-Teller (BET) and t-plot software. The pore 
distribution of the carbons was determined using Dubinin-
Astakhov (DA) software. 

III. RESULTS AND DISCUSSION 

Nitrogen adsorption isotherms of activated carbons 
produced from peat are shown in Fig 1.  

 
Figure 1: Adsorption isotherms of activated carbons 

 obtained from peat. 
 

Activated Carbon Production from Peat 

H.   
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The isotherm of the activated carbon obtained at a 
carbonization temperature of 500  meets the IUPAC type II 
classification. This means that the activated carbon is 
nonporous or has a larger pore structure than the micropore. 
The isoterms of activated carbons obtained at carbonization 
temperatures of 600 and 700 clearly indicate the 
predominantly microporous nature. According to the IUPAC 
classification these isotherms are of type I classification and 
can be associated with microporous structure. 

Figure 2 also shows the isotherms of activated carbons 
produced from char. The activated carbon obtained from char 
is associated with the type I microporous structure according 
to IUPAC classification at isotherms at both carbonization 
temperatures of 300  and 600 . 

 
Figure 2: Adsorption isotherms of activated carbons  

obtained from char. 

 
Figure 3 shows BET and micropore surface areas of 

activated carbons obtained from peat. Activated carbon at 
carbonization temperature of  
(931m2/g) and micropore surface (543m2/g) area compared to 
others. 

 
Figure 3: Surface area values of activated carbons 

 obtained from peat. 

 
The BET and micropore surface area values of the activated 

carbons from char are shown in Fig. 4. As the carbonization 
temperature increases, there is an increase in BET and 
micropore surface area. The highest BET (1095m2/g) and 
micropore surface area (654m2/g) values were obtained with 

char obtained at a carbonization temperature of 600 . 
 

 
Figure 4: Surface area values of activated carbons  

obtained from char. 

 
Figure 5 shows micropore and total pore volume changes of 

activated carbons produced from peat. Total pore volumes are 
close to each other. The highest micropore volume 
(0.2273cm3/g) belongs to activated carbon produced from peat 
at a carbonization temperature of 600 . 

 

 
Figure 5: Pore volume of activated carbons obtained from peat. 

 

Figure 6 shows micropore and total pore volume changes of 
activated carbons produced from char. Activaed carbon 
produced from char at the carbonization temperature of 
600+600  has the highest micropore volume (0,2731cm3/g). 

 

 
Figure 6: Pore volume of activated carbons obtained from char. 
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Figure 7 shows the pore size distribution of activated 
carbons obtained from peat. As the carbonization temperature 
increases, the density of micropores increases. 

 

Figure 7: Pore size distribution of activated carbons  
obtained from peat. 

Figure 8 shows the variation of pore size distribution of activated 
carbons obtained from char. The density of micropores is related to 
the carbonization temperature of char. 

 

Figure 8: Pore size distribution of activated carbons 
 obtained from char. 

Figure 9 shows SEM images of activated carbons. The SEM images 
show that the activated carbons are dense with micropores. 

a  b 
Figure 9: SEM images of activated carbons obtained at  

carbonization temperature of 
 a. from peat, b. . 

IV. CONCLUSION 

Peat is a suitable material for activated carbon production. 
BET and micropore surface area of activated carbon 

931m2/g and 543 m2/g respectively. 
The BET and micropore surface area of the activated carbon 

obtained from char at the carbonization temperature of 
 m2/g and 654 m2/g, 

respectively. 
Experiments have shown that temperature affects surface 

characterization of activated carbons. 
In further studies, surface characterization of activated 

carbons produced using different chemical activation agent can 
be examined. The adsorption ability of the produced activated 
carbons can be investigated. 
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Abstract  All over the world 40 million tons of natural 
cellulose can be produced from the agricultural wastes, in 
comparison with the 70 million tons fibers that have been 
already produced per year in total. In industrial 
manufacturing, demands for bio-based lightweight 
materials have been increased dramatically. Okra is a 
popular vegetable crop but its stem is lignocellulosic 
biomass not yet utilized for value-added textile and 
composite production. Okra production is 36.171 tons/year 
with plantation over 6.750 ha, and okra waste is 
approximately 2.11 tons/da left on the field after harvest 
every year in Turkey. The bast fiber from okra would be 
similar to traditional bast fibers (kenaf, flax, hemp) 
possessing a good processability ready for industrial 
adoption.  

In this study, okra fibers have been extracted from okra 
stem wastes with specially designed machine. Surface 
modification processes have been applied to okra fibers with 
two different methods (Conventional and Ultrasonic 
Energy) by using sodium bisulphate and cellulase enzyme to 
improve their properties. Ultrasonic energy method is 
ecological and alternative method of the conventional 

surface process with fewer chemical, water, and energy 

consumptions. Mechanical properties and weight loss of the 
treated and untreated fibers were investigated. Ultrasonic 
assisted enzymatic treatment is improved the mechanical 
properties of the okra fiber.  

Keywords - Okra fibers, surface modification, ultrasonic 
energy method 

I. INTRODUCTION 

ARMS of the synthetic based polymers are discussed 
in recent years. Using of the natural materials 

instead of the synthetic based polymers are grooving 
rapidly [1, 2]. Properties of the natural fibers such as 
biodegradability, sustainability, good mechanical and 
thermal insulation properties, low density and price are 
increasing the usage of them [3-5]. Waste agricultural 

cellulose fibers are available resources; however, 
collection is the barrier to utilization. Crop fibers, 
particularly bast fibers, are fast growing with ready 
separation of fibers and high mechanical properties [6].  
Okra (Abelmoschus esculentus L.) is the only vegetable 

crop of significance in the Malvaceae family and is very 

popular in the Indo-Pak subcontinent. In India, it ranks 

number one in its consumption but its original home is 

Ethiopia and Sudan, the north-eastern African countries. 

It is one of the oldest cultivated crops and presently 

grown in many countries and is widely distributed from 

Africa to Asia, southern Europe and America. It is a 

tropical to subtropical crop and is sensitive to frost; low 

temperature, water logging and drought conditions, and 

the cultivation from different countries have certain 

adapted distinguishing characteristics specific to the 

country to which they belong [3]. The production of okra 

is 8,400 tons / year [2] and most are cultivated in 1,200 

ha in Texas, California, Georgia and Florida. Okra 

production is 36.171 tons/year with plantation over 6.750 

ha, and okra waste is approximately 2.11 tons/da left on 

the field after harvest every year in Turkey [1]. 

 

 
Figure 1: Okra fiber. 
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This fiber is quite common in the Turkey. It grows well 

in the areas of the Mediterranean climate (Figure 1). 

When the chemical characteristics of Okra fibers are 

considered, it can be seen that just in the case of such 

fibers as kenaf, manila, sisal, jute, hemp, they consist of 

cellulosic polymer that are composed of various non-

cellulosic impurities that do not affect the hydrophilic 

characteristic of okra fibers negatively (Table 1) [7-11]. 

Physical properties of the okra fibers are shown in Table 

2 [12-16]. 

 

Table 1: Chemical constituents of okra fiber. 

Chemical constituents % 

Cellulose 60-70 

Hemicellulose 15-20 

Lignin 5-10 

Pectin 3.4 

Oil and wax 3.9 

 

Physical properties of the okra fibers are shown in 

Table 2 [12-16]. 

 

Table 2: Physical properties of okra fiber. 

Fiber 

diameter 

 

Tensile 

strength 

(MPa) 

Young 

modulus 

(GPa) 

Elongation 

 (%) 

40-180 234-380 5-13 2 

 

Chemical surface treatments are required to increase 

the usage of the okra fibers in the industry. But 

conventional surface treatments consume too much 

water, chemicals and energy. Environmental friendly 

methods are existed alternative to conventional method. 

Surface treatments performed by using sound waves 

(ultrasonic) and microwave energy is alternatives 

environmental friendly methods [17-22]. The biological 

and chemical effects of ultrasonic energy were 

discovered firstly by Loomis in 1927. Ultrasonic energy 

frequency refers to sound energy ranging from 18 kHz to 

10 MHz. Ultrasonic energy used in practice is divided 

into three categories; 20-100 kHz low frequency 

ultrasonic energy, 300-1000 kHz medium frequency 

ultrasonic energy and 2-10 MHz high frequency 

ultrasonic energy.  Ultrasonic energy is occurred by 

rising microscopic bubbles known as cavitation 

Cavitation has chemical and mechanical effects. For 

example decomposing of high molecular mass by 

dispersion effect, and carries the chemicals to the 

capillaries of the fibers by degasing effect, these 

processes are performed by consuming low energy, low 

substances and in short time [23-24]. 

Sodium bisulphate is one of the substances used to 

remove substances such as lignin, oil and wax on the 

surface in lignocellulosic fibers. Sodium bisulphite is 

treated with the aromatic rings of the lignin substance in 

the cellulosic structures and is treated with the free 

hydroxyl groups of cellulose. As a result of this process, 

the fibers are fibrillated and the polarity of the fiber 

surface is increased. [25]. 

In recent years, enzymes have progressed rapidly in 

their effect on textile fibers. [29]. Cellulase is one of the 

most successful enzymes used in textile applications. 

Cellulase inhibits fiber fibrillation. The cellulase enzyme 

acts cellulose to hydrolyse -4) bonds along the 

cellulose chain, to hydrolyse the molecules on the side of 

the cellulose polymer and to break down short chain 

cellulose oligomers such as cellobiose into glucose. [26]. 

In this study, surface modification processes were 

applied to okra fiber with sodium bisulphate and 

cellulose enzyme by using conventional and ultrasonic 

methods. Mechanical properties (tensile strength, 

, weight loss and 

morphological properties of treated and untreated okra 

fibers before and after the different treatment   were 

examined. 

 

II. EXPERIMENTAL  

A. Material  

Okra fibres were collected 
overall lengths were 120 cm. These fibers were separated 
and cut according to their diameter and length. Okra 
body waste fibers were obtained by separating from plant 
extracts with the aid of a special machine designed to 
obtain fiber from lignocellulosic plants. As shown Figure 
2, it was waited in the water-filled container to remove 
residue and adhering dirt (20 days). The fibers were 
shaken under running water until cleaned and they were 

 (Figure 3). After 
dried, fiber were conditioned for 24 hours prior to testing 

 
 
 

  
Figure 2: Removal of fiber from okra body waste and 

appearance of extracted fibers. 
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The fibers were shaken under running water until 

hours (Figure 3). After dried, fiber were conditioned for 

conditions. 
 
 

 
  

Figure 3: The oven used in drying, the final state of dried fibers 
and dried fibers. 

 
 

B. Fiber Treatments  

Okra fibres were exposed to two processes: Table 3 

shows the properties of the conventional and ultrasonic 

processes respectively. Conventional process and 

ultrasonic energy process was applied in laboratory 

condition at different time, concentration and 

temperature. Kerman'  Laboratory sample heater (220 

Volt and 3000 Watt) was used for conventional method. 

Alex (220 Volt 660 Watt) ultrasonic bath was used for 

the ultrasonic method with 40 kHz frequencies.  

In conventional process; the fibers were weighed on a 

precision scale and samples of 2 g weight were prepared. 

heater 220 Volt and 3000 Watt). According to the 

determined concentrations (w/v %), the prepared 

substance/enzyme was added. 2 g fiber sample was added 

and kept in the solution for the determined times (Figure 

4). At the end of the time, the fibers were removed and 

washed 4-5 times with distilled water. The samples 

treated with sodium bisulphate (Merck) were neutralized 

by standing for 5 minutes in a 5% ( /v) 100 mL pure 

water mixture. At the end of the time, the fibers were 

removed and washed 4-5 times with distilled water. The 

fiber samples w C for 2 hours. For 

enzymatic treatments, the samples were treated with 1 

g/L cellulase enzymes, Cellusoft L (Novozymes), at 55 

-

10 minutes and dried at room temperature. 

 

Alex (220 Volt 660 Watt) ultrasonic bath was used in 

the ultrasonic method  with 40 kHz frequencies (Figure 

5). Surface treated okra w C 

pH 7 distilled warm water for 2 minutes and dried at 100 

C for 2 hours. 
 

  
 

Figure 4: The heater used in the conventional method and 
holding in heated solution. 

 
 
 
 

  
 

Figure 5: Device used in ultrasonic energy method and image 
of fibers treated in the device. 

Table 3: Process conditions. 
Method Time  

(min) 
Temperature 

 
Concentration 

(%) 
Chemicals 

Conventional 10,20,30,4
0 

60 3,5,7,10 Sodium 
bisulphate 

55 1 Cellulase 

Ultrasonic 5,10,15,20 60 3,5,7,10 Sodium 
bisulphate 

55 1 Cellulase 

 

C. Analytical Methods 

The weight loss percentage (Wi) was calculated from 
the differences in weight using the following equation;  

 
 

D. Testing and Characterization of Okra Fibers After 
Chemical Treatments 

Mechanical properties (elongation (%), tensile strength 

eated/treated 

okra fibres were determined according to ASTM D 3822 

test method by using Instron 4411 (50 N Load, 10 

mm/min speed) tensile test instrument.  

Wi= 
Wpre-Wafter          

Wpre 

x 100 (%)                        (1)                     
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Figure 6: Tensile strength test of okra fibers. 

 

 

III. RESULTS AND DISCUSSION 

 
The samples were weighed on a precision scale before 

surface modification. Each sample is surface treated, 

dried and conditioned after being conditioned in the 

laboratory. The weight measurements after the process 

and the weight loss values  according to the process is 

given (Table 4). In both methods, weight loss is close to 

each other and in each method the chemical or enzyme 

gives the best result when looked for their averages. 

 

Table 4: Weight loss results of samples.  
Chemical Method 

 

Process 

time 

(min) 

Concentration 

(%) 

Weight 

loss (%) 

Sodium 

bisulphate 

Conventional 10 3 16.00 

5 4.00 

7 6.50 

10 4.15 

20 3 5.00 

5 2.00 

7 4.50 

10 5.25 

30 3 20.05 

5 18.50 

7 20.00 

10 21.00 

40 3 16.50 

5 17.00 

7 19.00 

10 15.50 

Ultrasonic 5 3 28.75 

5 27.15 

7 21.35 

10 25.75 

10 3 22.25 

5 19.55 

7 20.10 

10 22.10 

15 3 21.25 

5 21.40 

7 24.85 

10 21.25 

20 3 24.50 

5 20.05 

7 22.15 

10 24.00 

Cellulase 

enzyme 

Conventional 10  

 

 

 

1 

35.00 

20 32.95 

30 38.95 

40 41.65 

Ultrasonic 5 35.60 

10 44.80 

15 43.15 

20 41.50 

 
 
 

The highest strength value was obtained according to 

the raw life in the surface modification of the okra fibers 

by using sodium bisulphate with conventional method at 

10% concentration and 30 minutes of operation (Figure 

7). As shown in Figure 8, the increase in the tensile 

strength of the okra fibers with respect to the untreated 

fiber in the surface modification by using sodium 

bisulphate according to the ultrasonic method was 

determined. The tensile strength of samples were 

decreased over 15 minutes.  

 

 
Figure 7: Tensile strength values of chemical treated 

(sodium bisulphate) samples with conventional method. 

 

 
 
 
 

Figure 8: Tensile strength values of chemical treated 
(sodium bisulphate) samples with ultrasonic method. 
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As shown in Figure 9, the increase in the elongation 

(%) of the okra fibers was determined at a concentration 

of 10 % sodium bisulphate during 20-30 minutes of 

operation and at a concentration of 7 % during 40 

minutes operation in conventional method. The highest 

elongation (%) was obtained at a concentration of 7 % 

sodium bisulphate during 15 minutes of operation in 

ultrasonic method (Figure 10). 

 

 
Figure 9: Elongation values of chemical treated (sodium 

bisulphate) samples with conventional method. 
 
 

 
Figure 10: Elongation values of chemical treated (sodium 

bisulphate) samples with ultrasonic method. 

 
ulus value was obtained at a 

concentration of 10% sodium bisulfate during 30 minutes 

of operation in conventional method (Figure 11). As 

okra fibers was obtained at a concentration of 3% sodium 

bisulfate during 5 minutes of operation in ultrasonic 

method.  

 

 

Figure 11:  values of chemical treated 
(sodium bisulphate) samples with conventional method. 

 

 
Figure 12:  values of chemical treated 
(sodium bisulphate) samples with ultrasonic method. 

 
In the surface modification of the okra fibers with the 

cellulase enzyme, the increase in strength was observed 

in each methods compared to the untreated fiber. The 

highest strength value was obtained with ultrasonic 

method at 10 minutes (Figure 13).  

 

  
Figure 13:  Tensile strength values of enzymatic treated samples with 

conventional and ultrasonic methods. 

 

The enzymatic treated samples in a short time with 

ultrasonic method have the highest elongation /%) value 

(Figure 14).  

 

 
Figure 14:  Elongation  values of enzymatic treated samples 
with conventional method. 
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Figure 15: Elongation values of enzymatic treated samples with  
ultrasonic method. 

 
s obtained with ultrasonic 

modulus over 15 minutes was observed (Figure 16). 

 
 

 

 

Figure 16:  values of enzymatic treated 
samples with conventional and ultrasonic methods. 

IV. CONCLUSION 

According to the tensile strength and elongation 

properties of the untreated and treated okra fibers higher 

tensile strength and elongation properties were obtained 

with conventional and ultrasonic processes by using 

sodium bisulphate and cellulase enzyme. Ultrasonic 

assisted enzymatic treatment process was more effective 

than the conventional. The reason for the ultrasonic 

processes to be successful is the strength achieved by 

sonication energy. Ultrasonic energy provide both energy 

time saving. Considering all these results; Sodium 

bisulphate and cellulase methods were found to 

adequately modify the fibers surfaces. In this study, 

mechanical properties of okra fiber improved and % 

weight loss increase is outstanding with the success of 

ridding the impurities. Weight loss results can be 

correlated with mechanical test results, which can be 

treated as a proof for enhanced interfacial interactions 

with conventional and ultrasonic energy treatments. 

According to the ultrasonic energy method  results with 

cellulase enzyme is more effective than conventional  

method.  

Conclusion section is not required. Although a 
conclusion may review the main points of the paper, do 
not replicate the abstract as the conclusion. A conclusion 
might elaborate on the importance of the work or suggest 
applications and extensions. A conclusion section is not 
required. Although a conclusion may review the main 
points of the paper, do not replicate the abstract as the 
conclusion. A conclusion might elaborate on the 
importance of the work or suggest applications and 
extensions.  
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Abstract - In general, manmade fibers are used commonly in 
forming the web-based fabrics; but nowadays environmentally 
friendly natural based fibers are preferred in the name of 
evaluation of wastes, because of their low costs and high 
mechanical properties as reinforcement fibers. Platanus orientalis 
(the eastern plane) grows to 25-30 m in length and 5-6 m in 
diameter under the name of the plane tree (Platanaceae) family in 
Turkey. It is found naturally in the forests in Turkey, in the 
creeks. In this study, wasted Platanus orientalis have been 
blended with polyethylene terephthalate fibers (PET).  100 % 
PET, 75/25 % Platanus orientalis/PET and 75/25 % PET/ 
Platanus orientalis blended fibers are carded and needle punched 
to fabricate lightweight nonwoven web surface. Mechanical 
properties of the Platanus orientalis/polyethylene terephthalate 
nonwoven composite materials have been investigated. Finally, 
using a blend of these Platanus orientalis fibers enhanced the 
strength properties and good young modules test results were 
achieved.  
 
 

Keywords - Platanus orientalis L., nonwoven, mechanical 
properties. 

I. INTRODUCTION 

ATURAL resources have a dominant role in economic 
activity around the world [1].   

Critical studies on the conservation and recycling of natural 
resources in recent years have led to increased interest in 
renewable raw material-based natural materials [2]. Natural 
fibers, which obtained from renewable sources, have some 
advantages such as high specific strength and hardness [3], low 
cost, low density [4], renewable [5], degradable, non toxic and 
low CO2 emission. In addition, natural fibers can be 
biodegradable, that is, after they complete their life cycle as a 
product they can be degraded without damaging the natural 
resources [6]. Properties of the natural fibers such as 
biodegradability, sustainability, good mechanical and thermal 
insulation properties, low density and price are increasing the 
usage of them [7-9]. 
Cellulosic fibers are preferred because they are obtainable 
from natural sources, they are partly or completely renewable, 
their biodegradability, the lack of chemical additives in their 
production, their low density and low cost, and their 

contribution to the protection of ecological balance. 
Particularly in the composite material industry, studies on the 
use of cellulosic based natural fibers as reinforcing elements in 
composite materials are accelerating [1]. 

Bio-degradability is a significant contributor to natural 

fiber orientation. While some of the studies with natural fibers 

focus on such issues as strength, cost, and density by holding 

this topic further backwards, in fact, biodegradable composites 

are confronted as an important and comprehensive field at a 

value that can be collected under a separate heading. The 

interest in environmentally friendly composites, also called 

"green composites", increases in parallel with the increase in 

environmental sensitivity[10].   

The use of nonwoven production techniques for the 

production of composite structures is advantageous in many 

respects due to the characteristics of production technologies. 

The production speed of nonwoven fabrics is faster than 

conventional processes. As a result of the final researches, the 

main application areas of untreated fabrics are technical 

textiles [11-12].Over the past decade, a number of studies have 

been conducted on the use of fibers obtained from natural and 

renewable sources [13-14].   

    The common goal of the work is to develop new composite 

materials that will not cause environmental problems after use 

by using high-biodegradability fibers instead of artificial fibers 

with low biodegradability and to use renewable resources. [15-

16]. Composite structures obtained from these fibers provide 

lightness, abrasion resistance, low energy and high specific 

strength [17-18].   

Bledzki et al. [19] says that linen and jute based fabric 

composites are effective in impact strength and shear modulus 

properties.Bakare et al. investigated the thermal and 

mechanical properties of sisal fibers / polyurethane composites 

to have good performance [20]. 

Wood flour and polyurethane composite based structures 

have been found to have an effect on the thermal conductivity 

as well as the enhancement of modulus and storage modulus 
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properties due to the increase in wood flour concentrations 

[21-22].   

Platanus orientalis (the eastern plane) grows to 25-30 m in 

length and 5-6 m in diameter under the name of the plane tree 

(Platanaceae) family in Turkey. It is found naturally in the 

forests in Turkey, in the creeks [23-24].   

 In this study, wasted Platanus orientalis L. have been 

blended with polyethylene terephthalate fibers (PET).  100 % 

PET, 75/25 % Platanus orientalis/PET and 75/25 % PET/ 

Platanus orientalis blended fibers are carded and needle 

punched to fabricate lightweight nonwoven web surface. 

Mechanical properties of the Platanus orientalis/ polyethylene 

terephthalate nonwoven composite materials have been 

investigated. Finally, using a blend of these Platanus orientalis 

fibers enhanced the strength properties and good young 

modules test results were achieved.  

 

II. EXPERIMENTAL  

A. Material 

Platanus orientalis L. fibers were obtained from the Bolu 
Abant area of Turkey. Platanus orientalis seeds in the hard 
shell are then removed. These fibers, which are the fruit of 
Platanus orientalis tree, were overall lengths between 2mm and 
5mm. The properties of the PET fiber used in the experimental 
work are as follows: Tensile strength 4.5 g/den and elongation 
32%. 
 

 
 

 

Figure 1: Fruit of Platanus  
orientalis L. 

Figure 2: Platanus orientalis L. 
fibers 

 

B. Methods 

Wasted Platanus orientalis L. have been blended with 

polyethylene terephthalate fibers (PET).  100 % PET, 75/25 % 

Platanus orientalis/PET and 75/25 % PET/ Platanus orientalis 

L. blended fibers are carded and needle punched to fabricate 

lightweight nonwoven web surface. Nonwoven production 

methods were preferred to produce nonwoven fabric from 

Wasted Platanus orientalis L. 

fabric production was carried out at two steps as a web 

forming. A wool-type carding machine for forming webs from 

 fiber a needle-

punching machine for bonding of the webs were used. The 

needle-punching operations were carried out using low 

capacity machines instead of laboratory machines (CFS1/ 

and 

mixed manually. The webs from Wasted Platanus orientalis / 

-type carding machine were formed. 

Parallel-laid webs were obtained. The circular drum was used 

to collect the web from the carding machine instead of the 

cross lapper. Then, the webs were fed into the needling 

machines. After needling, the nonwoven fabric production was 

completed. The needle-punching machine parameters of all 

needle-punched fabrics barbed needles were used for all 

needle-punching machines. The punch densities of the 

needling machine was held constant at 75 punches per cm2. 

For needled fabric, 75 punches per cm2 were applied. The 

needle penetration depths were 0.50 cm at the needling 

machine. The weights per unit area of the produced needle-

punched nonwoven fabrics were approximately 50g/m2 (Table 

1). 
 

Table 1: Working parameters of the needle-punching machines. 

Needle penetration depth (mm) 0.50 
Feeding speed of needle-punching machines  (m/min 2.1 

Delivery speed of needle-punching machines (m/min) 3 

Needle-punching speed (rpm) 360 

Needle punch density per cm2 (punches/cm2) 75 

 

Table 2:  Nonwoven production features. 

Mixing ratios 

Platanus orientalis L. /PET (%) 

Weight 
(g/m2) 

Thickness 

(cm) 

Needle Density 

(Needle/cm2) 

100 % PET, 75/25 % and 75/25 % 50 0.50 75 (1x75) 

 
 

C. Testing and Characterization  

The tensile strength and elongation properties of composites   

were assessed on an Instron 4410 instrument, according to the 

ASTM D 5035 standard, (Machine direction) (Figure 3). 

 

 

Figure 3:  Instron 4410 
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III. RESULTS 

The highest tensile strength was observed for 100% PET and 

the lowest tensile strength for  25/75 Platanus orientalis L. 

/PET. The tensile properties samples are different in the 

different directions of the sample due to structural anisotropy 

resulting from the process of sample formation. The idealized 

randomness of fiber orientation can lead to a reasonably 

isotropic behavior. The high proportion of Platanus orientalis 

L. in nonwoven composite can be improved the tensile 

strenght of samples. Amoung the composite it can be observed 

that tensile strenght of composites containing Platanus 

orientalis L. is the highest. This can be attributed to the fact 

that composites contain 75%  Platanus orientalis L. fibers and 

are the one of the strongest samples. 

 
 

Figure 4: Tensile strength values of Platanus orientalis L. / PET 
blends. 

 

 
 

Figure 5: Elongation values of Platanus orientalis L. / PET 
blends. 

 

 
 

Figure 6: Young modulus values of Platanus orientalis L. / PET 
blends. 

 

As shown in Figure 4-6, 75/25 % Platanus orientalis L. / PET 

of elongation(%) value are decreased. It can be observed that 

elongation % decreases the amount of Platanus orientalis L. 

The decrease in elongation value of composite may be 

attributed to poor interfacial bonding between PET and 

Platanus orientalis L. composites. The young modulus  of  

25/75 % Platanus orientalis L. / PET is higher than 75/25 % 

Platanus orientalis L. / PET samples. The addition of fibres 

allows effective stress transfer at the interface which 

consequently decreases the young modules.  

IV. CONCLUSION 

The study focused on the use of Platanus orientalis L. fiber 
blends as reinforcements in PET composites. In terms of 
mechanical properties, the incorporation of Platanus orientalis 
L. nonwovens improved the tensile strength. The young 
modules of the composites was found to be maximum for 
25/75 % Platanus orientalis L. / PET. This was provided to 
lowering of elongation in reinforced composites. The results in 
this study showed overall improvement of tensile strength 
characteristics due to the increasing proportion of Platanus 
orientalis L. 
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Abstract - The demand for bio-based products is recently 
increasing due to rapid consuming of natural sources in the 
world and environmental problems of synthetic production 
globally. The organizations and some industrialized countries 
are taking strict regulations for cleaning and leaving a healthy 
environment for future generations. They also identify the use of 
agricultural waste awareness and legislations lead to the use of 
natural materials in this direction. With 36.000 tons/year (2014) 
okra grown in Turkey, utilization of the okra stem wastes is 
becoming important for industrial use in order to contribute to 
the environmental cycle of the biomass by removing the wastes 
in their source, it will be also contributed to the recycle of the 
agricultural wastes by producing environmental, value added, 
new fiber/product.  

 The agricultural plant waste fibers can be used for sound 
absorption and isolation while they are biodegradable, cost 
effective and recyclable.  

 In this study, fibers have been produced from okra stem 
wastes by the specially designed machine separating the plant 
nectar from the plant stem. In order to clean and fibrillate the 
surface of the fiber, surface modification processes have been 
applied by using two different methods as conventional and 
microwave energy with 7 % sodium hydroxide. Then fibers with 
and without surface treatments have been combed and needle 
punched for the production of lightweight nonwoven surfaces. 
Sound absorption properties of okra fibers and nonwoven 
surfaces in different weights have been investigated. 

 
 

Keywords - Okra fibers, nonwoven, sound absorption 
 
 

I. INTRODUCTION 

ODERN  city life presents living condition for limited 
areas on daily and private lives to habitant. One of the 
most important disadvantages of coexistence is also 

sound pollution.  Research on this issue has improved 
development of acoustic insolation on living area. Many 
scholars investigated the using of lignocellulosic materials in 
the application of sound absorbing. The primary advantages 
of using resin reinforced lignocellulosic materials are high 

stiffness and tensile strength, easily recyclability, 
biodegradability, abundance in the entire world, and low cost 
[1].   

The absorbent materials in the porous structure are the best 
known sound absorbing materials. These are fleece materials, 
fibrous materials or soft rubber materials. These materials, 
which have sound absorbing properties, are used extensively 
in industries such as airplanes, automobiles ect. In an 
effective sound absorbing material, the sound energy that 
impacts the material needs to be converted to energy in 
another form (usually thermal energy)(Figure 1) [2]. 
 

 
 

 
Figure 1: Sound absorbing materials and their properties [2]. 
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Moreover, many studies focused in developing natural 
fibers as raw material have been done and reported, such as 
palm, kenaf, coconut coir, and many others that have 
potential to be used as raw material of acoustical panel. 
Paddy straw was reported suitable for acoustic panel because 
of its high elasticity and hollow space. A single layer acoustic 
panel made of paddy husk reinforced sodium silicate showed 
the optimum sound absorption coefficient at higher silicate 
content in high range frequencies. Similarly, coconut and jute 
fiber have high potential to be used as a sound absorber 
material. Coconut coir fiber has good sound absorption at 
higher frequencies but less for the lower frequencies, so did 
the oil palm fiber. Higher noise absorption of oil palm is due 
to its higher density. Then, industrial tea-leaf-fiber waste 
material also has sound absorption properties at high 
frequencies. Besides, kenaf can be properly seen as an 
alternative, especially for thermo-acoustic applications and 
sound barriers. These show that natural fibers have high 
potential to be applied as raw material of sound absorbing 
materials [3].  

In the literature, okra body plant was used for improve the 
sound absorption properties of nonwoven composites. 

Okra fibres are extracted from the bark of okra bahmia, a 
plant of Malyaceae family (botanical name Abelmoschus 
esculentus)[4]. After collecting the fruits of the okra plant, 
the remaining amount of agricultural waste is 2.11 tons/da. 
The okra remaining as agricultural wastes are left in the soil 
as organic matter. In parallel with the increase in the 
population in Turkey, the demand for vegetables and fruits 
that humans need increasing. However, with the increasing 
demand, the amount of agricultural wastes also increases.  
For the environment, there is a need to effectively recycle and 
reduce environmental pollution. The evaluation of 
agricultural wastes that cause environmental problems and 
the production of new materials are thought to be important 
for bringing them to the industry as a new alternative raw 
material source [5]. Okra plants and okra fibers are shown 
Figure 2. 

 

  
Figure 2: Okra plants and Okra fibers [6]. 

 
Surface modification processes have been applied by 

using two different methods as conventional and microwave 
energy. Microwaves are high-frequency radio waves in the 
infrared spectrum between 30MHz and 300 GHz. Utilization 
of the microwave energy power enables the use of drying, 
dyeing and printing in many fields of the textile sector due to 
its ability of fast and cost saving heating in a short time. In 
order to apply microwaves to a product, the product will have 
dielectric loss and dipolar electric loads will occur within the 
material when an inconstant electromagnetic field is applied. 

Therefore, as water molecules can easily compose dipolar 
electric loads, structures covering water or structures within 
aqueous ambient conditions are suitable for heating with 
microwaves. The microwave energy method is defined as an 
eco-friendly method as it accelerates chemical processes; it 
saves energy especially in reactions and has a short 
processing time. It seems that this method is eco-friendly, 
surface treatment of cellulosic and protein-based fibers[6-13]. 
In this study, okra fibers were treated with 7% sodium 
hydroxide by using conventional and microwave energy 
methods. Then fibers with and without surface treatments 
have been carding and needle punched for the production of 
nonwoven surfaces. Sound absorption properties of Okra 
nonwoven materials were investigated. 

II. EXPERIMENTAL  

A. Fibers 

Okra fibers were obtained from the Mediterranean Region of 

Turkey. Their overall lengths were between 300 mm and 

1200 mm. Okra body waste fibers were obtained by 

separating from plant extracts with the aid of a special 

machine designed to obtain fiber from lignocellulosic plants. 

Okra fibers are cut into lengths of 50mm with guillotine. It 

was waited in the water-filled container to remove residue 

and adhering dirt. (20 days). The fibers were shaken under 

running water until cleaned and they were dried in an oven at 

Drying process was carried out under 

humidity).  

B. Surface Treatment 

Okra fibers have been treated into two methods in which are 
given as conventional method and microwave method in 
Table 1 and 2, respectively. Conventional process was 
applied in laboratory condition. Microwave method was 
carried out with a Kenwood Mw440 at a frequency of 2.45 
GHz. The microwave oven was set to Medium-Low (M-L) 
power of 350 W. The samples were placed in a sealed glass 
vessel and treated by the microwave energy according to the 
experimental design.  

Table 1: Conventional method. 

Chemical Sodium hydroxide 
Procedure Merck 

Concentration (%) 7 

Temperature ( ) 60 

Time (min) 20 

Rinsing Process 25 , 10 min, pH 7 with distilled 

Drying Condition at room temperature 

 

Table 2:  Microwave method. 

Chemical Sodium hydroxide 
Procedure Merck 

Concentration (%) 7 

Temperature ( ) 60 

599 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

Time (min) 5 

Rinsing Process 25 , 10 min, pH 7 with distilled 

Drying Condition at room temperature 

C. Production of Okra Nonwoven Surfaces  

Sodium-hydroxide-treated okra fibers with conventional 
and microwave methods are carded and needle punched to 
fabricate lightweight nonwoven web surface. Nonwoven 
production methods were preferred to produce nonwoven 
fabric from okra fibers. The nonwoven fabric production was 
carried out at two steps as a web forming. A wool-type 
carding machine for forming webs from okra -
punching machine for bonding of the webs were used. The 
needle-punching operations were carried out using low 
capacity machines instead of laboratory machines (CFS1/ 
1000 mm, 650m/min) 
okra fibers were opened and mixed manually. The 
webs from okra fibers -type carding 
machine were formed. Parallel-laid webs were obtained. The 
circular drum was used to collect the web from the carding 
machine instead of the cross lapper. Then, the webs were fed 
into the needling machines. After needling, the nonwoven 
fabric production was completed. The needle-punching 
machine parameters of all needle-punched fabrics barbed 
needles were used for all needle-punching machines. The 
punch densities of the needling machine were held constant at 
75 punches per cm2. For needled fabric, 75 punches per cm2 
were applied. The needle penetration depths were 0.50 cm at 
the needling machine. The weights per unit area of the 
produced needle-punched nonwoven fabrics were 
approximately 50g/m2 (Table 3). 

 
Table 3: Parameters for the needle-punching machines. 

 

D. Sound Absorption Method 

The material measurements are based on the two-
microphone transfer-function method according to ISO 
10534 2 and ASTM E1050 98 international standards which 
is for horizontal mounting of orientation-sensitive materials; 
simulation of the measurements on hanging ceilings, wall 
mountable. The testing apparatus is a part of a complete 

(Figure 4). 
 

 
 
 

Figure 4: Measurement tester of acoustic properties [9] 
 

III. RESULTS & DISCUSSIONS  

 
The microwave method sodium-hydroxide-treated okra 

nonwoven materials have better sound absorption properties 
than the sodium hydroxide treated okra nonwoven materials 
by using conventional methods. 

 

Figure 5: Sound absorption coefficient effect of different methods for 
surfaces treatment of okra nonwoven materials. 

 

Microwave method increases the sound absorption 
properties of the okra nonwoven materials better than 
conventional method.  Both okra fibers, which treated by 
using conventional and microwave methods have increasing 
sound absorption properties in low frequencies. The sound 
absorption coefficient of the nonwoven surface formed from 
untreated okra nonwoven materials' is the lowest among 
them. 
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Abstract - Environmental concerns such as global warming, 
energy consumption and the desire to obtain products from 
renewable sources have led to a resurgence of interest in plant-
derived products. Plant fibers with some interesting inherent 
properties like cost, effectiveness, renewable, available in high 
quality, have low fossil-fuel energy requirements, and can offer 
good mechanical properties has attracted it use for composite 
materials. Hemp, jute, flax, bagasse, coconut fiber, and bamboo 
are among the natural fibers which has attracted attention 
because of their low cost compared to synthetic fibers such as 
glass, carbon etc . Natural fiber reinforced composites are finding 
successful application in the automotive, electronics, and 
engineering sectors. Shortcomings with respect to moisture 
stability and poor strength are yet to be resolved satisfactorily.  

In this study  Artichoke (Cynara scolymus)  is obtained from 
the West Mediterranean Region of Turkey. Firstly the stem of 
plant was removed than the fibers were gained. Nonwoven 
surfaces were obtained at different percentages by to the mix 
Cynara scolymus / polyethylene terephthalate (PET) fibers.  

The mechanical properties (elongation, strength, modulus of 
elasticity) of composite materials were investigated. The 
mechanical properties of non-woven surface composites of Cynara 
scolymus / PET fibers were observed with increases in elongation 
value, strength value (N) and elasticity modulus values compared 
to a 100% PET based nonwoven surface. In addition, the contact 
angle values of nonwoven surface composites based on Cynara 
scolymus/PET fibers were also increased. 
 

Keywords - Cynara scolymus fibers, mechanical properties, 
nonwoven 

 

I. INTRODUCTION 

NATURAL fibres will take a major role in the emerging 

renewable materials in polymer products, industrial processes 
that reduce carbon emissions and recyclable materials that 
minimize waste. Natural fibres are a kind of renewable 
resources, which have been renewed by nature and human 
ingenuity for thousands of years. They are also carbon neutral; 
they absorb the equal amount of carbon dioxide they produce. 
These fibers are completely renewable, environmental 
friendly, high specific strength, non-abrasive, low cost, and 
bio-degradability. Due to these characteristics, natural fibers  

 
 
have recently become attractive to researchers and scientists as 
an alternative method for fibers reinforced composites and 
nonwoven materials [1]. 

Nowadays, natural fibers such as sisal and jute fiber 
composite materials are replacing the glass and carbon fibers 
owing to their easy availability and cost. The use of natural 
fibers is improved remarkably due to the fact that the field of 
application is improved day by day especially in automotive 
industries. Nowadays, natural fiber composites have gained 
increasing interest due to their eco-friendly properties. Many 
researches have been studied on these natural fibers. Natural 
fibers such as jute, sisal, silk and coir are inexpensive, 
abundant and renewable, lightweight, with low density, high 
toughness, and biodegradable [1].  Table 1 shows the 
mechanical properties of different types of potential natural 
fibres for composite applications [2]. 
 
Table 1: Mechanical properties of different types of natural fibers for 

composite application [2]. 
Natural 
Fibers 

Tensile strength 
(MPa) 

Elongation at 
break 
(%) 

Young 
modulus 

(GPa) 

Flax 300-1500 1.3-10 24-80 
Jute 200-800 1.16-8 10-55 
Sisal 80-840 2-25 9-38 
Kenaf 295-1191 3.5 2.86 

Pineapple 170-1627 2.4 60-82 
Banana 529-914 3 27-32 

Coir 106-175 14.21-49 4-6 
Oil palm 

(empty fruit) 
130-248 9.7-14 3.58 

Oil palm 
(fruit) 

80 17 - 

Ramie 348-938 1.2-8 44-128 
Hemp 310-900 1.6-6 30-70 
Wool 120-174 25-35 2.3-3.4 

Spider silk 875-972 17-18 11-13 
Cotton 264-800 3-8 5-12.6 

 
The increase in the prices of synthetic fibers due to 

petroleum as well as the activities aimed to protect the 
environment have increased the use of vegetable fibers in 
fabric-based fabric industry. Waste-plant based fibers are used 
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in many countries as reinforcements, especially in the 
automotive sector due to their volume, strength, porosity, 
resistance to abrasion and flammability, heat and sound 
absorption characteristics [3]. 

M. Ramesh et al.  investigated the mechanical properties of 
sisal, jute and glass fiber reinforced polyester composites. 
They observed that the addition of glass fiber into jute fiber 
composite resulted in maximum tensile strength. In the same 
way they have observed that jute and sisal mixture composites 
sample is capable having maximum flexural strength and 
maximum impact strength was obtained for the sisal fiber 
composite [4]. 

PET fiber is one of the most important fibers used to form 
a nonwoven surface and composite. For example, the lengths 
of cut are adapted to the respective manufacturing procedure. 
Fibers are also available in different of luster and cross-
sectional forms. They are inexpensive, easily produced from 
petrochemical sources, and have a desirable range of physical 
properties. They are strong, lightweight, easily dyeable and 
wrinkle resistant, and have very good wash wear properties. 
Therefore, it is mostly used in nonwoven surface and 
composite production [5]. 
Cynara scolymus L. (CS), usually known, as globe cynara 
scolymus is a wintery plant with lignocellulosic content and a 
perennial, strong root structure, growing longitudinally, with a 
hard and grooved body, and growing in a temperate and humid 
climate. Spain, France, Italy, Greece, Turkey, Israel, USA, 
Argentina and Egypt are the most artichoke-producing 
countries. During the industrial processing of artichokes, 80-
85% of the plant is not used and is separated as solid waste. A 
total of 36,368 tonnes / year [6] cynara scolymus production is 
being made in Turkey, especially in the Aegean, Marmara and 
Mediterranean regions with a total area of about 2600 
cultivation area. After collection, 2.7 ton / da waste is left on 
the field [7]. World countries cynara scolymus production and 
planting, according to FAO data as of 2013 are given in Table 
2 as tons / year and (ha). 
 

Table 2: Cynara Scolymus production in the world countries [7]. 

Country Area (ha) Production (tons) 
Egypt 17 895 387 704 
Italy 35 593 364 871 
Spain 16 000 199 100 
Peru 7 841 141 496 

Argentina 4 000 106 000 
China 12 000 77 000 

Morocco 3 819 63 889 
Algeria 4 168 53 657 
USA 3 160 51 300 

France 7 721 42 465 
Turkey 2 600 32 173 
Greece 2000 31 600 

 
In Table 3, where the physical properties of cynara scolymus 
body waste fibers are given in comparison with other 
lignocellulosic fibers, it is stated that their mechanical 
behavior is similar to sisal, kenaf and hemp fibers. It is 
therefore possible to conclude that these fibers can be used as 

alternative reinforcing elements in polymer-based composite 
structures such as other lignocellulosic fibers [8]. 
 

Table 3: Mechanical properties of lignocellulosic fibers [9-10]. 

Fiber Fiber 
diameter 

 

Tensile 
strenght 
(MPa) 

Young 
Modulus 

(GPa) 

Elongation 
(%) 

Sisal 50-200 80-640 1.46-15.8 2.5 
Cotton 17 400 5.5-12.6 7-8 
Flax 30-110 450-600 27.5-38 1.5-1.8 

Hemp 53.7 690-873 9.93 1.6 
Jute 25-200 393-773 2.5-26.5 1.5-1.8 

Kenaf 43.3-140 223-624 11-14.5 1.6 
Artichoke 300 100-300 6-18 2 

Okra 40-180 234-380 5-13 2 
Ramie 34 400-698 24.5-128 1.2-3.8 

 
In this study nonwoven composites were produced at 

different percentages by to the mix Cynara scolymus / 
polyethylene terephthalate fibers. The mechanical properties 
(elongation (%), strength (N), modulus of elasticity (MPa)) of 
composite materials were investigated. 
 

II. EXPERIMENTAL  

A. Materials 

Artichoke plants are obtained from the West Mediterranean 
Region of Turkey. A specially designed machine mechanically 
separated the fibers of the cynara scolymus plants. Cynara 
scolymus fibers are cut into lengths of 50mm with guillotine. 
The cynara scolymus fibres were washed with water to remove 

treatments they were conditioned for 48 hours prior to testing 
Cynara scolymus  

fibers are shown in Figure 1. 
 
 

 
Figure 1: Artichoke (Cynara scolymus) fibers. 

 
 
 
 

B. Cynara scolymus fiber/PET Composite Production 

Cynara scolymus used in composite construction was 
combined with PET fibers (75/25%, 25/75%) in two different 
percentages. Cynara scolymus fibers and PET fibers have been 
combed and needle punched for the production of nonwoven 
surfaces. Nonwoven production methods were preferred to 
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produce nonwoven fabric from wasted cynara scolymus/PET 

steps as a web forming. A wool-type carding machine for 
forming webs from wasted cynara scolymus PET 
fiber a needle-punching machine for bonding of the webs were 
used. The needle-punching operations were carried out using 
low capacity machines instead of laboratory machines (CFS1/ 

wasted cynara scolymus/PET 
manually. The webs from wasted cynara scolymus/PET 
a wool-type carding machine were formed. Parallel-laid webs 
were obtained. The circular drum was used to collect the web 
from the carding machine instead of the cross lapper. Then, the 
webs were fed into the needling machines. After needling, the 
nonwoven fabric production was completed. The needle-
punching machine parameters of all needle-punched fabrics 
barbed needles were used for all needle-punching machines. 
The punch densities of the needling machine were held 
constant at 75 punches per cm2. For needled fabric, 75 
punches per cm2 were applied. The needle penetration depths 
were 0.50 cm at the needling machine. The weights per unit 
area of the produced needle-punched nonwoven fabrics were 
approximately 50g/m2 (Table 4). 
 

Table 4: Working parameters of the needle-punching machines. 

Needle penetration depth (mm) 0.50 
Feeding speed of needle-punching machines  (m/min) 2.1 

Delivery speed of needle-punching machines (m/min) 3 

Needle-punching speed (rpm) 360 

Needle punch density per cm2 (punches/cm2) 75 

 

C. Contact Angle Measurement 

The dynamic contact angle values of the fabric samples were 
measured by using PG-X Measuring Head Pocket Goniometer 
test device as specified in ASTM D5725-99 (2008) method. 
The static contact angle method is consisted in putting down a 
liquid drop on the solid plate. When a drop of liquid (water) is 
putted down on a solid (textile material) surface, three phases 
systems occurs: solid, liquid and gas (Figure 2).   

 
Figure 2: Static contact angle measurement with sessile drop method [12]. 

 
The physico-chemical of the solid surface, new 

interface solid/liquid adhesion forces and cohesion 

Therefore, revealing the surface state will be 
affected the contact angle value according to 

 (1):  

 lv sv sl                                                (1)                                                                                      

sv, sl lv 
interface solid/gas, solid/liquid and liquid/g  
represents the contact angle [12].  

 
surface. If the surface is hydrophobic the contact angle will be 

 

D. Testing and Characterization 

Using Instron 4411 according to ASTM D638-91 tested 
mechanical properties of the composite structures. Testing of 
the composites on Instron 4411 are shown in Figure 3. 
 

 
 

Figure 3: Testing of Cynara scolymus / PET nonwoven composite. 

III. RESULTS AND DISCUSSION 

 
A. Contact Angle Measurement Results  
 

The contact angle of water droplets on fabrics can be seen 
in Table 4. When the contact angle values were examined, it 
was determined that 100% PET nonwoven surface was 
hydrophobic, Cynara scolymus mixed PET nonwoven surface 
was hydrophilic. 
 

Table 4: The contact angle water droplets on Cynara Scolymus/PET 
nonwoven composite. 

Samples Time (s) 
        0      0.1  0.2    0.3                             0.4 

%100 
PET 
Nonwoven 
Surface 

     
     

75/25 % Cynara 
Scolymus/PET  

      
     

25/75 % Cynara 
Scolymus/PET  

      
     

 

B. Results of Mechanical Testing 

The tensile strength (N) of the mixed (75/25 and 25/75%) 
Cynara Scolymus/PET composites and %100 PET nonwoven 
surface are shown in Figure 3.  The incorporation of Cynara 
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Scolymus/PET nonwovens in virgin PET nonwovens results in 
a general increment of mechanical properties.  
 
 

 
Figure 4: Tensile strength of nonwoven composites. 

 
 
 

 
Figure 5: Elongation (%) of nonwoven composites. 

 
 

 
Figure 6.  

 
 
Among the composites, it can be observed that tensile strength, 
elongation and young modulus of composites containing 
Cynara Scolymus 
the fact that nonwoven surfaces contained Cynara Scolymus 

 

IV. CONCLUSION 

The effects of fiber content and fiber orientation on 
mechanical and contact angle properties for Cynara Scolymus 

were studied in this research work. The study revealed that the 
fiber content strongly influences the mechanical and water 
absorption property of nonwoven composites.  Amount of the 
Cynara scolymus fiber influence the mechanical properties, 
but it strongly influences the water absorption property of 
composites.  

The 75/25 % Cynara Scolymus/PET composite has shown 
better mechanical and lower water contact angle properties. 
This composite structure is the more hydrophilic sample than 
the other samples.  
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Abstract  Aluminum is one of the most commonly found 
elements in nature and today it is the most used metal in 
engineering after steel. Aluminum and its alloys, which have 
features such as low density, high corrosion resistance, castability 
and workability, are used in important industries such as 
automotive and aircraft industry. Aluminum offers much better 
properties if it is produced with its alloy elements. These features 
are; mechanical strength, chemical stability, workability, thermal 
expansion, thermal conductivity and heat resistance. 

In this study, effect of Ti (AlTi5B1) on mechanical properties 
of A356 alloy was investigated under various holding duration 
conditions. After adding Ti into the melt, samples were collected 
at three different times: 0, 20 and 40 min. It was found that Ti has 
important effect on casting quality and mechanical properties. As 
holding time was increased, efficiency of Ti was decreased.  

 
Keywords  A356 alloy, Grain refinement, Mechanical 

properties, Casting quality, Bifilm 
 

I. INTRODUCTION 

IFILMS are casting defects that occurs in the frame of 
various factors such as formation of surface oxides in 
aluminum casting alloys and entrainment of these 

oxides into the melt. As a result, mechanical properties are 
affected negatively. However, hydrogen has always been 
considered as the main cause of porosity formation in 
aluminum alloys. It has been proposed that the removal of 
hydrogen from the structure by processes such as degassing 
will reduce the porosity and thus improve the mechanical 
properties [1, 2]. On the other hand, [3, 
4] has been carried out an extensive work and it has been 
shown that dissolved hydrogen is not  the main factor but only 
a trigger for pore formation. Bifilms are formed by the 
incorporation of oxide films formed by poor runner systems 
and turbulence during filling [5]. Once these defects are 
introduced into the melt, they have an effect on mechanical 
properties. In this frame, it is crucial that the reduction of 
bifilm formation or cleaning of the melt play an important role. 
Degassing and optimized runner and sprue design can  prevent 
or eliminate of bifilms [6]. The humidity of the environment is 
also directly influential on oxide.  
As the casting speed increases, the formation of porosity and 
bifilm also increases.  In order to modify the microstructure of 
aluminum and its alloys, various master alloys are used [7-11]. 
Ti-containing (AlTixBy) or Ti-free (AlxB) master alloys are 
preferred for the grain refinement of aluminum alloys. Based 

on his experience from recent work, Campbell [6] has 
suggested that Ti-containing master alloys may be active in the 
cleaning of bifilms as well as in time-dependent grain 
refinement in liquid metal.  
In this study, effect of Ti (AlTi5B1) on mechanical properties 
of A356 alloy under various holding durations was 
investigated. 

II. EXPERIMENTAL PROCEDURE 

The alloy used in the study was obtained A356 alloy was 
provided as cast ingots from ETI ALUMINYUM, Turkey. 
Chemical composition of the alloy is given in Table 1. A356 
alloy ingots were cut to be charged into the crucible. A 
resistance furnace that has 22 kg capacity was used to melt the 
alloy. Grain refinement additions were made once the melt 

. 
 

Table 1. Chemical composition (in wt. %) of the A356 alloy 
used in the study 

Alloy Si Fe Cu Mn Mg Zn Ti Al 

A356 6.80 0.19 0.003 0.001 0.30 0.011 0.108 Rem. 

AlTi5B1 master was added into the melt as a grain refiner. 
First sample was collected once AlTi5B1 was added. Second 
samples and third samples were collected after 20 and 40 
minutes later. Reduced Pressure Test (RPT) samples were 
collected each time a tensile test sample was produced. Bifilm 
index was used to determine casting quality and the results 
were compared with mechanical tests.  

III. RESULT AND DISCUSSION 

Representative images from analysis of RPT samples are given 
in Figure 1. On the images, it can be seen that bifilms tend to 
reduce and get smaller with increased holding time.    
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a b c 

 
Figure 1. Representative images from RPT samples a) 0 min 

b) 20 min c) 40 min 
 

Bifilm index and bifilm number are given in Figure 2 and 3 
respectively. Changes in bifilm index and bifilm number can 
be seen on these charts. Bifilms affect casting quality and 
mechanical properties directly. As bifilm index is increased, 
casting quality and mechanical properties are reduced [12-14]. 
In this study, AlTi5B1 was added in to the melt and effect of 
Ti on mechanical properties depending on holding time was 
investigated. It can be said that effect of Ti increase in time 
and bifilms are reduced with Ti. This effect might be explained 
by the higher density of Ti with regard to density of liquid 
aluminum. Once Ti particles sink from top to bottom in the 
liquid, they take bifilms together to sink them to the bottom of 
the crucible. Thus, casting quality can be improved by Ti 
addition.      
 

 
 

holding time 

 
 

Figure 3. Changes of bifilm number by holding time 

 
Changes of mechanical properties by holding time after adding 
Ti are given in Figure 4. I was mentioned that Ti affect casting 
qualtity by reducing bifilms. Another factor is holding time of 
liquid metal to reduce bifilms. It can be understood that 
mechanical properties such as tensile strength, yield strength 
and elongation can be increased by Ti (Figure 4).  
 

 
 

Figure 4. Changes of mechanical properties by holding time 

IV. CONCLUSION 

The conclusions of this study where the effect of Ti with 
regard to holding time on casting quality and mechanical 
properties can be summarized as follow: 

1- A356 alloy melt quality is affected by Ti addition  
2- High casting quality can be obtained by using Ti with 

holding time of 40 minutes.  
3- There is a good relationship between casting quality 

(bifilm index) and mechanical properties. 
4- As bifilm index is decreased, mechanical properties are 

increased.  
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Abstract - The purpose of this work is to study the mechanical 
and physical properties of a chemically stabilized granular soil 
reinforced with natural fibers (palm fibers). 

 All the direct shear tests (Casagrande) were carried out  on 
sand samples prepared  under   optimal  water content conditions. 
The shear tests  were performed  on samples of sand stabilized 
either with cement, or with blast furnace slag  and finally on 
samples stabilized with cement or  slag and reinforced with 
natural fibers.  

In this work, it has been shown, that  the shear strength 
parameters of the stabilized  soil  had  significantly  improved and 
that    the   reinforcement of sand with natural fibers had an 
important effect on the  strength parameters (cohesion and 
internal friction angle) of the soil. 

Keywords - Shear strength, palm fiber, polypropylene fiber, 
cement, blast furnace slag, cohesion, friction angle. 

I. INTRODUCTION 

HE  very large infrastructures growth, in mainly urban 
areas, has been the source of land speculations  which of 

course resulted in dramatic rise in land prices . This situation 
forced the building industry to think about  an eventual use of  
lands, which were,  in very close  past ,classified as unsuitable 
for construction. 

Chemical stabilization is one of the a techniques used to 
improve the characteristics of local soils . Lime stabilization 
together with cement stabilization are the most used techniques 
in civil engineering.  

In order to improve the properties of the stabilized soil, 
natural fibers were  added  to soil-cement mixtures. In this 
work  palm fibers were used.  

It has been shown Vidal [1], that the introduction of 
reinforcing elements enhance shear strength of the soil cement 
mixture [2], [3], [4], [5]. 

The effects of reinforcement, design parameters including 
length, stiffness and number of layers (i.e. vertical spacing 
between layers) on the response of reinforced soil retaining 
walls under static gravity loading , have been investigated 
using numerical simulation approach[6]. 

The main reasons for their popularity are strength, weight, 
durability and of course low cost.  The natural fibers sisal 
(agave), palm fibers are abundantly available and are  cheap. It 

is proven that vegetal fibers used with cement mortar can 
produce high performance fibreboards. 

Simple compression tests and CBR tests were carried out on 
a silty sand reinforced with palm fibers of various lengths 
showed an improvement of studied sand properties [3]. 

In order to study the shear strength simple, compressions 
tests were carried out on samples of cemented sand. These 
samples were reinforced with synthetic fibers that are 
distributed in an orderly fashion (3 layers and 5 layers). The 
results obtained showed that the samples reinforced with 5 
layers are more rigid than those of three layers [4]. 

The purpose of using cement as a stabilizer in clay or 
granular soils is to improve the mechanical properties such as 
cohesion and internal friction angle. Cemented sand that shows 
brittle behaviour can be reinforced with natural or synthetic 
fibers to increase its strength. 

A number of triaxial tests, unconfined compression tests and 
CBR tests, direct shear tests have been carried out by several 
researches over the last decades on reinforced and stabilized 
soils [7], [8], [9], [10]. 

II. MATERIALS AND EXPERIMENTAL DETAILS 

A. Materials 

 Soil characteristic: The dune sand comes from t  FIL-
FILA, a region located 13 Km north-east of Skikda in 
Algeria. These characteristics, including particle size 
analysis, sand equivalent, methylene blue test, normal 
Proctor were determined. The results were as follows. 
Depending on its characteristics, the soil has been classified 
under Class B1: Silty Sand (According to the GTR 
classification). According to the physical identification tests, 
the soil has a maximum dry density of  d = 1.74 g /    cm3 
with an optimum wop = 11.6%. According to the methylene 
blue test, the soil has a VBS = 0.15, indicating that this soil 
was a silty sand  and sensitive to water. The equivalent test, 
ES = 80% (very clean soil). 
 
 Cement: Chemical stabilization technique  with cement is a 

proven technique for soil stabilization.  Cement CPJ-CEM II- 
42.5 (Portland cement manufactured at Hadjar Essoud- 
Skikda) was used with different percentages to stabilize the 
soil used in this research. The chemical characteristics of 
cement were as follows. Insoluble residues = 2.28; PAF 975 = 

Experimental study of a blast furnace slag 
stabilized, soil reinforced with natural fibers. 
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2.41, Cao = 57.22, SiO2 = 27.83, AL2O3 = 6.21, Fe3O3 = 3.12, 
MgO = 0.94, SO3 = 2.02, CaO = 0.88, Chloride = 0.00. 
Blast furnace slag: It is a granulated blast furnace slag with an 
inert particle content equal to 0.29% fresh production. In order 
to stabilize our soil, different percentages have been used. 
The mineralogical study of blast furnace slag was carried out 
with X-rays and it gave the following results: CaO = 40.13, 
SO3 = 0.33, SiO2 = 37.62, AL2.O3 = 5.98, Fe3O3 = 6.21, MgO 
= 5.10, Na2O = 0.30, K2O= 1.09. 

 
 Polypropylene fiber : The use of fibers is the most widely 

used technique in laboratory soil strengthening tests [11] , 
[12], [13]. 
Synthetic fibers, produced for use in concrete and hydraulic 
mortars, and  today used for reinforcement of soils, are made 
of high density polypropylene. They have high dimensional 
stability. They are waterproof, resistant to abrasions, 
atmospheric and chemical agents, alkalis, molds, micro-
organisms and high temperatures. 
 Polypropylene fibers were used in this study to reinforce the 
soil after stabilization with different percentages cement and 
blast furnace slag,. 
Synthetic fibers, produced for use in concrete and hydraulic 
mortars, is today largely used for reinforcement of soils. The 
most used fibers in the soils  are made from high density 
polypropylene. The characteristics of polypropylene fibers 
were: dimensional stability, waterproof, resistant to abrasions, 
atmospheric and chemical agents, alkalis, molds, 
microorganisms and high temperatures. 
Bulk density= 0.92 g/cm3,  length = 12 mm,  tensile strength= 
600 MPa , Young modulus=3 kN/mm2 . 

 
 Palm fibers : Vegetal fibers (figure 1) are biological 

structures composed of cellulose, hemicelluloses and lignin 
[14]. In a much smaller proportion, they also contain 
extractible, proteins and some inorganic compounds [a]. 
Unlike other fiber components that have amorphous structures, 
celluloses have a largely crystalline structure. Crystalline 
cellulose is one of the polymers with the highest modulus of 
elasticity, about 136 GPa compared to 75 GPa of fiberglass. 
This rigidity comes from the crystalline structure that follows a 
highly ordered helical supra-molecular arrangement. It is 
important to note that this particular molecular structure causes 
during a fiber elongation, a torsion / traction coupling which 
can have consequences on the interface on the deformation or 
on the mechanisms of failure of the composite. Inside the fiber, 
the cellulosic chains are united in micro fibrils which by 
agglomerating form fibrils on several layers.  
Vegetable fibers, can become a better alternative to different 
fibers, such as glass fibers, used until today, because of the 
benefits of natural fibers. Natural fibers are very inexpensive, 
biodegradable, renewable resource to wish, significant 
mechanical resistance and allow a valuation of many natural 
wastes. 
To strengthen the soil after its stabilization using cement and 
granulated slag blast furnace(figure 2),  palm fibers were used 
with different percentage and length i.e.  1.5 cm in this case. 

The mechanical characteristics of palm fibers were as follows: 
Bulk density = 0.51  1.08 g/cm, elongation at failure = 7.5  
17.4 (%), tensile strength = 170  290 MPa, Young 
modulus=2.1  5.25 GPa. 
 

 
 

Figure 1: Palm fiber . 

 

 
Figure 2: Blast furnace slag. 

B. Experimental program 

Direct shear tests under undrained unconsolidated 
conditions were performed on several samples at optimum 
water content obtained from Proctor tests. The samples were 
compacted in three layers (normal Proctor).. 

In the first place, shear tests were carried out on untreated 
samples, then cement, blast furnace slag, polypropylene fiber 
and palm fiber were added with pre-defined percentages. The 
aim of the tests was to determine the effect of the fiber content 
on  the cohesion and the angle of internal friction, as well as 
the effect of the addition of cement, blast furnace slag and the 
different types of fibers (natural and synthetic) on the 
mechanical behavior of the soil used in this work. 

The samples were prepared under optimal conditions 
(maximum dry density. 
( d max = 1.74 g / cm3, Wop = 11.6%) which are deduced 
from the Proctor test, is placed in the shear box whose 
dimensions are: L = D = 6 cm and thickness = 2 cm. 

The mass of the sample was = 98.4 g and the mass of water, 
mw = 11.4 g. 

After the introduction of the sample in shear box , a vertical 
load was applied, thus generating a normal stress  = 5000, 
1000, 1500 Pa kept constant throughout the test. The speed of 
movement is given at 0.9mm / min. Readings were taken every 
15 s. 
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III. RESULTS AND DISCUSSIONS 

A. Effect of  palm fibers  on the cohesion and friction angle of  
     a cemented soil 

A decrease in the cohesion which is equal to 0.05 bar to 
0.25% of fibers (figure 3), then it increases to reach 0.07 bar at 
0.50% of fibers then it continues to increase and then reach 
0.09 bar at 0. 

                                 (1) 

 

 

Figure 3: Cohesion vs. palm fiber content of sand stabilized                        
with  4 % cement. 

It is noted that an increase in the angle of friction to reach a 
 palm fibers at 4% cement (figure 

4). This is possibly due to the increase of the internal friction 
between the grains after the addition of the cement. 

                                         (2) 

 

 
 

Figure 4: Internal friction angle vs. palm fiber content of sand 
stabilized with 4%  cement. 

B. Effect  of polypropylene fibers on  cohesion and internal 
friction angle on sand stabilized with slag  

An increase in cohesion is observed to reach a value of 0.17 
bar to 0.75% of polypropylene fibers (figure 5). 

                                (3) 

 

 

Figure 5: Cohesion vs. polypropylene fiber content of sand 
stabilized with  4 % slag. 

It can be noticed that the angle of friction increases till it 

0.75 % of polypropylene fiber content (figure 6). 

  
  

 

Figure 6: Internal friction angle vs. polypropylene  fiber content 
of sand stabilized with 4%  slag. 

A. Effect of palm fibers on cohesion and internal friction 
angle on sand stabilized with slag: 

II. An increase in cohesion is observed to reach a value of 
0.14 bar to 0.75% of palm fibers (figure 7). 
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Figure 7: Cohesion  vs. palm fiber content of sand stabilized 
 with 4%  slag. 

It can be noticed that the angle of friction increases till it 
t 0.50% of 

palm fiber content (figure 8). 
                                 (6) 

 

 

Figure 8: Internal friction angle  vs. palm fiber content of sand 
stabilized with 4%  slag. 

IV. CONCLUSION 

In this work, a  dune sand from a small town of  Skikda  in 
Algeria.                                                                               
Inclusions of randomly distributed polypropylene fibers and 
palm fibers were used as reinforcement materials while cement 
and palm fiber were used stabilizing materials.                                            
 The inclusion of the randomly distributed reinforcements 
can appreciably improve the shear strength parameters of the 

local soil.  Fiber reinforcement significantly reduced the extent 
of cracks.                                        

The effects of the fibers suggests potential applications in 
the reinforcement of  embankments, shallow foundations, and 
other earthworks.                                                                                                           
 There is a  linear  variation of the friction angle  with the 
percentage of fiber.                                                                    
 In order to verify the results of the present work the author 
suggests that further investigations on the behavior of 
cemented soils stabilized by natural and artificial fibers should 
be carried out. 
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Abstract - The aim of this research work, is to understand  and 
quantify the influence of a synthetic fiber   such as polypropylene 
on physical and mechanical properties of a granular soil 
chemically stabilized with cement. 
In this work , the effectiveness of fiber reinforcement is studied 
from the point of view of strength. 
Firstly a series of laboratory tests were carried out. Physical soil 
characterization tests, including particle size analysis, sand 
equivalent test, mythylene blue test  and compaction to determine 
optimal conditions were carried out. 
Secondly, direct shear tests (Casagrande box) were carried out on 
cemented sand samples prepared under optimum conditions with 
different percentages of polypropylene fibers. 
It was clearly concluded that the influence of polypropylene fiber 

important.  
It was also demonstrated that the material used, namely 
polypropylene fibers, played an important role in the granular 
soil stabilization mechanism. 
 

Keywords - Stabilization, reinforcement, cement, 
polypropylene, shear strength. 

 

I. INTRODUCTION 

Sin virtually all developing countries, Algeria is often 
confronted with the lack of supply of cheap local 

materials for the purpose of building highway, railway and 
other networks. 

Because of high costs and environmental issues, 
geotechnical engineers,  over the world, try to avoid the 
use of traditional techniques.  

Soil improvement techniques are one of the tools 
available to the engineer to solve the problems of 
stability or deformation that he encounters during the 
development of a project. 

This concept and principle was developed by Vidal 
[1], where he demonstrated that the introduction of 
reinforcing elements in a soil increases its shear 
strength. 

Chemical stabilization and fiber reinforcement 
techniques are used to improve the physical and 
mechanical properties of soils [2]. 

In this framework also tests of unconfined simple 
compressions were carried out on samples of cemented 
sand in order to study the shear strength. These samples 
are reinforced with synthetic fibers thatt are distributed 
in an orderly fashion (3 layers and 5 layers). The results 
obtained showed that the reinforced samples with 5 
layers are more rigid than three layers [3].  

The use of cement as a stabilizer in clay or granular 
soils is intended to improve mechanical properties such 
as cohesion and internal friction angle [4] [5] [6] [7]. 

The cemented sand which exhibits a fragile behaviour 
can be reinforced with natural or synthetic fibers to 
increase its strength [8] [9] [10]. 

A number of triaxial tests, unconfined compression 
tests and CBR tests, direct shear tests have been carried 
out by several researches over the last decades on 
reinforced and stabilized soils [11] [12] [13] [14]. 

 

II. MATERIALS AND EXPERIMENTAL DETAILS 

A. Materials 

 
 Soil characteristic: The sand used in this study comes 

from the dunes of FIL-FILA located at approximately 13 
Km; north-east of Skikda- Algeria. 

The soil characterization including, particle size analysis, 
sand equivalent, methylene Blue test, Proctor normal were 
carried out  the LMGHU Laboratory of the university of 
Skikda According to the obtained results, the soil was 
classified as Class B1: silty sand. (According to the GTR 
classification). From the physical identification tests the soil 
has a maximum dry densit
optimum Proctor wop = 11.6%. 

According to the methylene blue test, the soil has a VBS = 
0.15, indicating that this soil is silty sand. Sensitive to water. 

Another test that was carried out is the sand equivalent 
test, and the results give an ES = 80% (very clean 
soil).

Shear strength of a cemented soil reinforced 
with synthetic fibers. 
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Figure 1: Grain size distribution 

 
 Cement: Chemical stabilization by cement is a proven 

technique to improve soil strength [4] [15] [16] [17] [18]. 
CPJ-CEM II cement 42.5 (Portland cement manufactured at 
Hadjar Essoud- Skikda) was used with different percentages to 
stabilize the soil in question. These chemical characteristics 
are given below: 
Insoluble residues = 2.28, PAF 975 = 2.41, Cao = 57.22, SiO2 
= 27.83, AL2O3 = 6.21, Fe3O3 = 3.12, MgO = 0.94, SO3 = 2.02 
CaO = 0.88, Chloride = 0.00. 

 
 Polypropylene fiber : The use of fibers is the most widely 

used technique in laboratory soil strengthening tests [19] [8] 
[20]. Polypropylene fibers were used in this study to 
strengthen the soil after stabilization with cement. 
Physical and mechanical characteristics of polypropylene  

fibers : Density = 0.92 g / cm3, diameter = 1.0 mm, 
length = 12 mm, tensile strength = 600 MPa, Young's 

 

 
 

 
Figure 2: Polypropylene fiber. 

B. Experimental program 

Unconsolidated undrained (UU) straight shear tests were 
performed on several samples with the optimum water content 
obtained from the Proctor tests. The samples were compacted 
in three layers (normal Proctor). 

In the first place, shear tests were carried out on untreated 
samples and then cement and polypropylene fibers were added 

with pre-defined percentages whose. The purpose of the tests 
was to determine the variation in cohesion and the angle of 
internal friction, according to these percentage and also the to 
determine the influence of the addition of cement and the 
synthetic fibers on the mechanical behavior of the granular  
soil. 

The soil samples were prepared in  the optimum conditions 
(maximum dry density Wop = 11.6%) 
which are deduced from the Proctor test, is placed in the shear 
box whose dimensions are: L = D = 6 cm and, thickness = 2 
cm. 

The mass of the sample is ms = 98.4 g and the mass of 
water, mw = 11.4 g. 

After insertion of the sample into the shearing machine, a 

5000 Pa , 1000, 1500 Pa which was  maintained constant 
throughout the test.  

The travel speed is given at 0.9 mm / min. Readings were 
taken every 15. 

 

III. RESULTS AND DISCUSSIONS 

A. Effect of cement on the cohesion and friction angle. 

Figure 3: Cohesion vs. cement. 
 

Figure 3 shows an appreciable increase in cohesion with the 
increase  of cement, this is probably due to the presence of 
fines in the cement. The correlation equation for the variation 
of cohesion vs. cement content  shown below. 

                                        (1) 

  

was obtained using the least square method.  

The above equation shows a a good correlation between the 

two curves.  
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Figure 4: Friction angle vs. cement. 

 

As far as  the angle of internal friction is concerned, figure 4 
shows an increase in cement added, this increase can be 
explained by internal friction between the grains of the soil and 
cement. 

                                   (2) 

 

The above equation shows a good correlation between the two 

curves. 

B. Effect of polypropylene fibers  on cohesion and  friction 
angle on cemented sand: 

 
 

 
 
 

 

 

 

 

 
 
 

 

Figure 5: Cohesion vs polypropylene fiber content of sand 
stabilized with  4 % cement. 

After the addition of the polypropylene fibers, an increase in 
cohesion is observed (figure 6). This is due to the pozzolanic 
reaction which cements the grains between them. 

                                           (3)  

 .  

A very good correlation between the two curves was observed. 

 

Figure 6 : Internal friction angle vs. polypropylene  fiber content 
of sand stabilized with 4%  cement. 

The internal friction angle decreases to 0.5% of the added 

fibers (figure 6). 

                                         (4) 

 

A very good correlation was observed between the two curves. 

IV. CONCLUSION 

On the basis of the results obtained from the present 
experimental research work, the following results may be 
drawn. 

The addition of cement to the granular soil has an important 
effect on the cohesion of the soil.  

- Inclusions of polypropylene fibers within the specimen as 
reinforcement improves the shear strength of the composite. 
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Abstract - The current work aims to investigate the behaviour 
of polypropylene PP fibres reinforced beams under four-point 
flexural test in which the judgment is based on the peak load 
resistance and the ductility. To achieve this aim, four beams, 
which are reinforced with PP fibers and conventional 
reinforcement bars are tested. The clear dimensions of the beams 
used in this investigation are 150 X 150 X 850 mm. Three fiber 
percentages (0.5, 1.0, and 1.5 %) are used, the behaviour of these 
beams are compared with the control beam of ordinary concrete. 
The results showed that beams inclusion of 0.5, 1.0, 1.5 % of fibre 
increases the compressive strength by 26, 26, 40 % respectively, 
and the first cracking load by 45, 62, 75 % respectively. In 
addition to that the ultimate resistance was increased by 
proximately  18 % when 1.5 % PP was used when it was 
compared with the control beams, also the ductility factor was 
increased by 53 % at the same PP percentage. 
 

Keywords - Polypropylene, Fiber-reinforced beams, Ductile, 
Load deflection behavior, Ultimate load. 

I. INTRODUCTION 

HE interaction between the shear strength and flexural 
strength is a main property that applied a preferable 
behavior of structural members. The brittleness of the 

shear behavior of the beams was attracted great attention, 
through enhancing the tensile strength of beams. The use of 
various kinds of fiber in the construction dates back to ancient 
times. Adding fibers randomly to concrete is one of the ways
that the low cost and which lead to reinforced concrete, in 
addition to that fiber is enhancing the post peak behavior [1]. 
PP is a polymer derived from the monomeric C3H6 and is a 
pure hydrocarbon like paraffin wax. Polymeric fibers were not 
tried as concrete and cement composite reinforcement until 
1965. Large scale use of polypropylene fibers in concrete did 
not happen until the late 1970 [ ]. Conforti [3] studied the 
influence of adding polypropylene fiber on the shear behavior 
and found that the addition of PP fiber has a significant effect 
on improving the shear behavior of the beams when it was 
compared with the beam without fiber. Adulhamid Aryan [4] 
Experimental and analytical study of PP fiber reinforced 
concrete beams concluded that beams with polypropylene 
fibers were more ductility than concrete beams that did not 
contain these fibers by studying the behavior of those 
symptoms with and without fibers. Their energy absorption 
capacity and ductility parameter were calculated by using the 
formed load  displacement curves on the beam samples with 
dimensions of (30 x 20) mm and a length of 200 mm, added 

two Vf of PP fiber 0.6 and 0.8, also produced two beams 
without fibers for comparison, it was conducted concrete 
analytical modeling beams armed with  Abaqus program [4] 
According to ACI Terminology [5], the ductility can be 
defined as the ability of the beams to hold the deformation 
before failing, this ability has to be in the inelastic range 
without decreasing in beam strength, mathematically, ductility 
factor can be evaluated by dividing the ultimate deformation 
by yield deformation. 
Park [6] states four definitions for each deformation. Figure 1 
depicted these definitions. 

 
Figure 1: Yield displacement definition according to Park [6]. 

II. EXPERMINTAL WORK 

In this study, concrete beams were reinforced with PP fiber in 
addition to conventional reinforcing steel bars. Three Vf PP 
fiber were added to the concrete beams by 0.5, 1.0 &1.5 % 
respectively, Table 1 shows some characteristics of fiber used 
in experimental work. 

Table 1: PP fibers characteristics. 

Density 
(gr/cm3) 

Length 
(mm) 

Diameter 
(mm) 

Elongation 
at break 

(%) 

Tensile 
strength 

(psi) 

0.91 12 0.015 37 4,800 

 
Fine aggregates were used at a high rate compared to coarse 
aggregates in order to improve the flow of stress through the 
beam section and to enhance the bonding between the mixture 
and fiber. In addition, to investigate the effect of adding fiber 
to the concrete mixture  The cement was used CEM II/ A-LL 
42.5 R of Portland cement that agrees with EN 197-1 
provisions  
Moreover, silica fume has been added by 7 % of the total 
weight of binder (silica fume + cement) to increase the surface 
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area of the binder and thus increase the surface area from 40 to 
100 times. 

A. Mixing and curing

The mix is designed to achieve 28 days compressive strength 
of 30 MPa of normal concrete, and it is expected to be 
increased due to the inclusion of the PP fibers. 
The total percentages of the fine aggregate is 63 %, on the 
other hand the percentage of coarse aggregate is 37 % of the 
total amount of aggregate, the mix design is shown in Table 2. 

Table 2: Concrete mixture design per cubic meter 

Mix code 
PP fiber 

(%) 
C 

(Kg) 
G 

(Kg) 
S 

(Kg) 
S.fm 
(kg) 

HWR 
(kg) 

W 
(Lt) 

Control 
beam 

0 
 
 
 

465 

 
 
 

680 

 
 
 

1170 

 
 
 

35 

 
 
 

6.6 

 
 
 

216 PP 0.5 0.5 

PP 1.0 1.0 

PP 1.5 1.5 

 
C; Cement, G; Gravel, S; Sand, S.fm; Silica fume, HWR; 
High water reducer, W; Water 
The concrete mix for each beam was produced separately 
using the same mixing procedure, firstly the fine and coarse 
materials was mixed for almost 10 min, then the cementitious 
to get a homogeneous mix, after mixing the materials, water is 
added and reduce it by a calculated percentage. For final step 
PP fiber was added manually to the mix for the beams 
containing fiber. The fibrous concrete was poured in wooden 
beam molds and six standard cylinders of 100 mm diameter 
and 200 mm height, to override the errors, three cylinders are 
used for compressive standard test & other three cylinders for 
indirect tensile stander test. After 24 hours, both beam and 
cylinders were removed from the molds and cured in water 

 

B. Geometry and test setup 

To check the beam ductility and ultimate load, four beams 
were cast and tested; all beams have the same dimensions (150 

are placed in compression and tension zone, as shown in 
Figure 2, the difference was in polypropylene fiber 
percentages used as a reinforcement. Also for all specimens 

were 503 and 558 MPa respectively. 

 
Figure 2: Geometry and reinforcement details 

The four casted beams were placed on the test machine, Figure 
3 shows the beams test configuration, in order to prevent the 
friction induce from axial forces and freely rotation, two stiff 
rollers represent the load and supports. The distance between 
the loading point and the support (a) is 250 mm, so that the 
shear arm (a/d) is 1.85. The load applied until the failure, in 
displacement control rate of 0.4 mm/min. In addition to the 
cross head displacement measurement, one more LVDT is 
attached to the beam at mid-span from bottom side. Two dial 
gages were measure the edge lifting and the deflection at the 
quarter distance of the beam (125 mm from the support). 
 

 
Figure 3: Beams test setup and location of the LVDT and the 

dial gages 

III. RESULTS AND DISCUSSION 

A. Mechanical properties 

Table 3 presents the mechanical properties of the standard 
cylinders that was calculated the compressive strength  
according to ASTM C39 [7] and the splitting tensile strength 

 according to ASTM C469 [8]. In order to reduce the error 

ratio, three cylinders were tested and taken the result rate for 
these, the results shows that the polypropylene fiber has a great 
impact on improving the mechanical properties, it shows that 
for the three percentages ( ) of polypropylene 0.5, 1.0 & 1.5 

% was improved by 26, 26 & 40 % respectively for the 
compressive strength and for the tensile strength the 
percentages of PP 0.5 &1.0 % was improved by 13 &25 % 
respectively but the ( ) 1.5 % was not affected in the tensile 

strength. 

Table 3: Concrete  mechanical properties 

Spec. 
No. 

PP 
 

(%) 

 
(MPa)  

 

 
(MPa)  

Control 
beam 

0.0 27 1 6.7 1.0 

PP 0.5 0.5 34 1.26 7.6 1.13 

PP 1.0 1.0 34 1.26 8.4 1.25 

PP 1.5 1.5 38 1.40 6.9 1.02 

 
Figure 4 shows the effective compressive and tensile strength 
(in term of splitting) by PP as a unity for plain concrete. 
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Figure 4: Effect of PP on concrete strength effective PP-FRC 
compressive and splitting tensile strength as a unity of plain 
concrete. 

B. Ultimate loading resistance 

Table 4 and Figure 5 shows the results of the ultimate beam 
strength and their corresponding displacement, in general it is 
clearly that the PP fiber has a great impact on improving the 
beams strength and the first crack load ( ) when it is 
compared with the beam without fiber, it shows that for the 
three percentages ( ) of PP the ultimate beam strength was 

improved by 4, 13 & 18 % respectively and the first crack 
resistance loads are increased by 45, 62 & 75 % respectively. 
But the yielding loads are not affected because they are 
depending on the reinforcement bars. 
 

Table 4: Experimental results of beams 

Spec. 

First crack Yield Ultimate Ratio 

 
(kN) 

 
(mm) 

 
(kN) 

 
(mm) 

 
(kN) 

 
(mm)  

 
 

(%) 

Control beam 13.43 2.23 51.48 6.83 70.54 13.55 0.19 1.98 0 

PP0.5 19.28 2.03 52.99 3.85 73.95 9.16 0.26 2.38 20 

PP1 21.74 1.90 60.34 4.03 80.10 10.15 0.27 2.52 27 

PP1.5 23.56 1.79 56.30 3.81 83.37 11.52 0.28 3.02 53 

 
 

C. Load-deflection behavior 

refers to the deflection at midpoint each beam ultimate load, it 
is shown that the PP fiber has a significant effect on improving 
the deflection behavior, for all beams the deflection values was 
decreased for specimens with fiber percentages ( ) of PP by 

67, 75 & 85% respectively, as shown in Figure 5. 
For the specimens containing PP fiber the curve starts similar 
till it reach approximately 50 kN the it diverge taking different 
paths, on the other hand the specimen without PP fiber took a 
different path giving the highest deflection value. 
 
 
 
 
 
 

 

 
 

 
Figure 5: Load deflection curve. 
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D. Ductility of PP-FRC Beams 

Figure 6 shows the load-deflection curves for the tested beams. 
The data is collected from LVDT attached to the beam at mid-
span from bottom side. From Figure 5, there were nonlinear 
extraneous displacements, which is not a surprising thing, 
because it is often associated to such a test. Up to the first 
initiation crack, the displacement is proportional to the applied 
load linearly; the first cracks are hardly and carefully located 
on the curve. After the first crack take place, the slope of the 
curve was slightly changed, but still looks to be in linear 
increasing rate, the increasing rate continues up to yield point. 
After yielding of the reinforcement, the curves are increasing 
in nonlinear manner up to the maximum resistance load, the 
test is continuing until the beam is collapsed. 

The ductility factor ( ) defined herein, as the ratio of the 

ultimate deformation ( ) to the yield deformation ( ), where 

the ultimate deformation is that the deformation corresponding 
to the maximum resistance load, and the yield deformation is 
that the displacement corresponding to the yield load. Figure 7 

demonstrates the evolution of ductility factor ( ) considered 

in current work. Table 4 summarized the values of the  and 

the ductility of the fibrous beams as unity for plain concrete. 
The comparison showed that the including of PP in the 
concrete increases the ductility of the tested beams. Where 0.5 
% of PP increases the ductility by 20 %, duplicating the 
volume of PP is not significantly altered of ductility 27 % 
compared to 0.5 %Vf. While the addition of 1.5% improved 
the ductility significantly 53% compared to 1.0 %Vf. 
 

 

Figure 7:  

IV. CONCLUSION 

1) PP fiber has a great influence on improving the 

mechanical properties of concrete and using of PP 

fibers in concrete made from high fine aggregate 

percentages are increasing the load required to initiate 

the first crack. 

2) For the three percentages (Vf) of PP 0.5, 1.0 & 1.5 %, 

the ultimate beam strength was improved by 4.0 ,13.0 

& 18.0 % respectively when its compared to the beam 

without fiber addition. 

3) Adding PP fiber has a great influence on reducing the 

deflection values for all beams when it is compared 

with the beam without polypropylene fiber. For all 

beams the deflection values was decreased for 

specimens with fiber percentages (Vf) of PP 0.5, 1.0 & 

1.5 % by 67, 75 & 85 % respectively. 

4) By increasing the post-cracking, the ductility of the 

beams is increased significantly where inclusion of 1.0 

to 1.5 % of PP, the ductility is increased 27 to 53 %. 

5) Fibers transferred the brittle type failure to the flexural 

failure by discontinuing the shear cracks. 
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Abstract - In this study, in order to investigate the tangential 
stresses and burst failures of the semi elliptical surface cracked 
and un-cracked SiO2 nanoparticle filled a
filament wound composite pipes for determining the burst 
behaviors, static internal pressure burst tests were performed  in 
terms of  ASTM D 1599-99 standard at open ended condition. As 
a reinforcement material, a polymer matrix material and a filling 
nanomaterial, Basalt Fiber, A Bisphenol A (DGEBA) epoxy and 
4%wt SiO2 nanoparticles were used in filament wound composite 
pipes. At the end of tests, it was seen that SiO2 nanoparticle 
addition increased the tangential stresses and decrease the 
debonding and delamination failures especially for un-cracked 

6 filament wound composite pipes. Burst failures have been 
clearly seen all of the semi elliptical surface cracked and un-
cracked SiO2 6 filament 
wound composite pipes except un-cracked SiO2 nanoparticle filled 

6 filament wound composite pipes. 
Keywords - Basalt Fibers, Filament Wound Composites, SiO2 

nanoparticle, Static Internal Pressure Burst Test. 

I. INTRODUCTION 

Basalt Fiber Reinforced (BFR) epoxy composites have been 
performed in last decades. Basalt fibers have higher the 
mechanical properties, thermal insulation, chemical resistance, 
fatigue life than E-Glass Fiber. In addition, Although, Basalt 
Fiber shows lower the mechanical behaviors than Carbon 

Fiber has started to be preferable reinforcement materials for 
polymer matrix materials. Especially Basalt Fiber 
Reinforcement applications have been chosen at military, 
aerospace, the pressurized liquid and gas containers and pipe 
lines by using filament winding process[1-10].  
In this study, the semi elliptical surface cracked and un-
cracked SiO2 6 filament 
wound composite pipes have been studied to determine the 
mechanical properties and burst failure behaviors . 

II. EXPERIMENTAL PROCEDURE 

The semi elliptical surface cracked and un-cracked SiO2 

6 filament wound 
composite pipes for determining the burst behaviors, static 
internal pressure burst tests were carried out according to  

 
ASTM D 1599-99 standard at open ended condition. For the 
manufacturing of nanoparticle filled BFR/Epoxy composites, 
SiO2 nanoparticles having the features of a specific surface 
area of 650 m2/g and an average primary particle diameter of 
15 nm have been used as filling materials. A Bisphenol A 
(DGEBA) epoxy resin as a matrix material and 12KV 400 tex 
basalt fibers as a reinforcement material have been used in 
filament wound BFR/Epoxy composite pipes. At the Epoxy 
matrix modification, SiO2 nanoparticle 4%wt were filled into 
epoxy resin and then the mixture was stirred by mechanical 
stirrer and ultrasonic probe stirrer during 10 min and 15 min 
respectively[1,18]. The SiO2 filled and unfilled basalt fiber 
reinforced epoxy composite pipes were manufactured  in 

72 mm internal diameter, about 2.63 mm thickness and 300 
mm length(Fig 1)[1]. 

 

 
Figure: 1 a) The passing of fiber through into SiO2 nanoparticle filled 

epoxy resin b) The manufacturing of BFR/Epoxy composite 
pipes[1,18]. 

 
The manufactured SiO2 6 
filament wound composite pipes in terms of a/c=0.2 and a/t 
=0.5 of the shape geometry of semi elliptical surface cracks  
were cut by using thin milling blade via universal milling 
machine. After that, the static internal pressure burst tests were 
applied to the semi elliptical surface cracked and un-cracked 
SiO2 ]6 filament wound 
composite pipes by repeating three times. The internal 
pressure test apparatus are given in Fig.2[1]. 
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Figure 2: Static internal pressure burst test apparatus. 

 
The fiber fraction of all BFR/Epoxy composite pipes 

were determined to be ab 1,18]. 
 

III. RESULTS AND DISCUSSION 

In this study, it was investigated  the tangential stresses and 
failures of the un-cracked and 0.5 a/t semi elliptical surface 
cracked SiO2 6 filament 
wound composite pipes 
reinforced epoxy according to ASTM D 1599-99 standard at 
open ended condition. When the fluid oil was pressurized into 
all of un-cracked and semi elliptical surface cracked SiO2 

6 filament wound 
composite pipes, composite pipes swollen out the structure and 
begun to shorten the length of pipes(300mm). The rising 
internal pressure in composite structure imposed to open the 

-up angles through 
tangential direction like shape pf scissors movement. This 
tangential forces as results of the increasing internal pressure 
of fluid have caused the shear stress at direction of 
perpendicular and parallel [1-6, 10]. At the end of the scissors 
movement of basalt fiber bands forced the opening by swelling 
out of structure took bigger angles than 55o winding angle 
given in Fig. 3. [3,6]. The opening basalt fiber band by 
increasing internal pressure have occurred the micro matrix 
crack along the fiber. And this matrix cracks have affected the 
interfaces of epoxy and basalt fibers. And so,  the debonding 
failures along the basalt fibers have formed between basalt 
fibers and epoxy matrix material. Debonding faiures have 
triggered the delamination failures especially bottom of semi 
elliptical surface cracked of unfilled and SiO2 nanoparticle 

6 BFR/Epoxy filament wound composite pipes. [1-
2, 4-7]. By rather increasing fluid pressure fiber breakage 
catastrophic failures have occurred with burst. [1, 3, 6]. The 
tangential stressed of un-cracked and 0.5 a/t semi elliptical 
surface cracked SiO2 6 

BFR/Epoxy filament wound composite pipes are presented in 
Fig 4.[1]. 

 
6 BFR/Epoxy filament wound 

composite pipes under the increasing pressure of fluid[1]. 

 

 
Figure: 4a The tangential stresses of the un-cracked and 0.5 a/t semi 

6 filament wound composite 
pipes[1]. 

 
Figure 4b: The tangential stresses un-cracked and 0.5 a/t semi 
elliptical surface cracked SiO2 6 filament 
wound composite pipes[1].  
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When Fig. 4 was observed, SiO2 nanoparticle addition into 
epoxy matrix increased the tangential stress of un-cracked and 
0.5 a/t semi ellipt 6 filament wound 
composite pipes. It was commented as reason of these 
increases of tangential stresses that SiO2 nanoparticle addition 
into epoxy that SiO2 nanoparticles caused to improve fracture 
toughness and adhesion between fiber and epoxy resin by 
ensuring fracture mechanisms: crack propagation retarding 
effect by bowing and blunting of the front of cracks, occurring 
secondary cracks, branching of cracks, increasing elongation 
of epoxy matrix, plastic deformation and energy dissipation 
over fracture surfaces[1-11-18].  
As failures of SiO2 nanoparticle filled and unfilled un-cracked 

6 filament wound 
composite pipes were investigated, the fiber breakage failures 
with burst have not been seen un-cracked and SiO2 

6 filament wound composite pipes due 
to the mentioned fracture mechanisms provided by SiO2 
nanoparticles. The failure of fluid jets has been observed as 
result of debonding and delamination[1]. The failures of 
unfilled and SiO2 nanoparticle filled un-cracked and semi 

6 filament wound composite 
pipes are shown in Fig. 5 and Fig. 6. 
 

 
Figure 5a: The failures of unfilled and un-cracked 6 filament 
wound composite pipes[1,6]. 

 

 
Figure 5b: The failures of unfilled and 0.5 a/t semi elliptical surface 
cracked 6 filament wound composite pipes[1,6]. 

 

 
Figure 6a: The fluid jet failures of un-cracked SiO2 nanoparticle filled 

6 filament wound composite pipes[1]. 
 

 
Figure 6b: The failures of 0.5a/t semi elliptical surface cracked SiO2 

6 filament wound composite pipes[1]. 
 

IV. CONCLUSION 

The results of  static internal pressure tests of the un-cracked 
and 0.5 a/t semi elliptical surface cracked SiO2 nanoparticle 

6 filament wound BFR/Epoxy 
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composite according to ASTM D 1599-99 standard at open 
ended condition have been listed in below. 

 SiO2 nanoparticle addition increased the tangential 

6 filament wound BFR/Epoxy 
composite pipes. 

 It was assumed that SiO2 nanoparticle provided the 
fracture mechanisms. In addition, SiO2 nanoparticle 
performed to retard the fast crack propagation.  

 It was seen that the fiber breakages with bust failure 
have been occurred at all of unfilled and semi 

6 filament wound 
BFR/Epoxy composite pipes. However, fluid jet 
failures as results of debonding and delamination 
have been observed at SiO2 nanoparticle filled and 
un- 6 filament wound BFR/Epoxy 
composite pipes. Matrix cracking, debonding, 
delamination and fiber breakages for SiO2 
nanoparticle filled semi elliptical surface cracked 

6 filament wound BFR/Epoxy composite pipes 
have been seen at the end of static internal pressure 
burst tests. 
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Abstract - In this study, different types of composite wood I-
joists are designed. The physical and mechanical properties of the 
I-joist specimens designed from materials such as, wood plastic 
composite (WPC), plywood and oriented strand board (OSB) 
have been determined and compared. Three different I joists, 
designed from WPC, plywood and OSB, were investigated as the 
web element combined with polyurethane (PU) glue according to 
the four point bending resistance test results for the designed I 
joists. As a result of the investigations, the average bending 
resistance values of I beams designed from plywood, OSB and 
WPC are found as 7,030 N/mm2, 8,770 N/mm2 and 6,886 N/mm2 
respectively. The bending resistance values are close to each other 
in the beams designed with the WPC. It was determined that the 
beam designed from OSB is higher in bending resistance than the 
others. In order to investigate the effect of the type of glue used in 
the beams on the bending resistance, the beams designed using 
PU glue and standard polyvinyl acetate (PVA) glue were 
compared. WPC material was used as the web element in the 
design of these beams. According to the bending resistance test 
results, the bending resistance value of the beams designed using 
PU glue was 7,030 N / mm2 while the bending resistance value of 
the beams designed using normal glue was found to be 3,957 N / 
mm2. According to the results, PU glued joists were found 
superior in bending by 78%. It is concluded that WPC has a 
potential and can be used as a web material for I joist production. 
 

Keywords  Wood Pastic Composites, Wood, I-joists, Bending 
Resistance, Scots Pine, Polyurethane Glue. 

I. INTRODUCTION 

Composite I beams were used in airframe and wing 

skeletons in aircraft industry in North America in the 1920s. 

The highest quality coating, plywood and wood materials were 

used for effective performance. In the 1930's, composite I-

beams started to be used in buildings in Europe [1]. Since the 

late 1960's, wooden I-beams or joists have been produced for 

special applications. It is called as an I-Joist because of the I-

shaped cross-section and they are used in roof systems and 

flooring [2]. I joist is a material with high carrying strength 

due to its cross-section. Wood I-joists are built by gluing web 

elements i.e. plywood or oriented strandboard (OSB) panels to 

flanges usually made from solid wood. Wood I joists are 

widely used because of their increased performance, their 

ability to be produced in desired sizes, their light weight, their 

renewability and their low cost [3]. They are produced in 

various sizes and used for residential and commercial 

buildings (Figure 1). 

Figure.1 Wood I-joists 

The production of wood I-Beams starts by measuring and 
cutting the webs and flanges. The channels on the edges of the 
flanges are formed. After shaping the flanges, they are glued. 
Glued flanges are placed on web boards and pressed together. 
Pressed I-beams are cut to desired length. Get into the kilns for 
full drying of the glue. Quality checks are carried out to 
determine the bond quality and the smoothness of the joining 
of web boards. After the quality control, storage and transport 
operations are carried out [4]. 

One of the advantages of the design of the I-beams is that it 
allows us to utilize the best part of properties of the materials 
used. Structural efficiency has been increased by combining 
timber, plywood or OSB in the form of "I". In I-joists, the 
flange elements carry the moments (Figure 2), while the web 
elements carry the shear forces (Figure 3). Using the bending 
theory, the cross-sectional measurements of the headers are 
determined. The capacities of the body elements are 
determined experimentally. Bending and shear deformations 
are important criteria in the design of crushing and buckling 
capacities. 
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Figure 2. I joist mechanics. Moment application, shape change in 

determination of moment capacity, stress distributions and force 
distributions. 

 

 
 

Figure 3. I-beam mechanics; Application of shear force, shear 
deformations, strain distributions and force distributions in 
determining shear capacity. 

 
Resistance and deformation performance in I-joists are 

influenced by many factors such as material properties and 
geometry, loading condition. In I-joists, the flange elements 
carry bending stresses, while the web elements carry most of 
the shear stresses. It provides the transfer of the stresses 
between the elements in the glue used between the flanges and 
the web. The material properties of the flange elements are 
important. Because tensile and compressive stresses are 
concentrated in the flange elements due to the less elastic 
modulus of the web elements [2]. 

Wood composite panels such as plywood and OSB are 
generally used as web element due to the high cutting shear 
modulus and shear strength. If panels with low shear modulus 
are used for web members, beam deformation increases [5]. 

For electrical, heating or ventilation installations, it may be 
necessary to open the space in the web members of the I-joists. 
It has been found that the bending resistance does not affect 
the I-beam, even if the circular spaces in the webs reaches 
70% of the web height [2]. Cavities with squared cross-
sectional spaces cause stress concentration. Increased voids 
also reduces shear capacity and elasticity. 

In this study, different composite wood I-joists types are 
designed. In addition, the physical and mechanical properties 
of the I-joists specimens designed from materials such as Scots 
pine, wood plastic composites (WPC), plywood and OSB have 
been compared. 

II. MATERIAL 

2.1. Wood Plastic Composites 
Wood-plastic composite (WPC) is a generic name given to 
composites formed because of mixing plastics with lingo-
cellulosic material. The word "wood" in this context does not 
have a narrow meaning like the piece of wood, but includes all 
agricultural wastes and woody material with a fibrous 
structure. Cellulosic filling materials can be classified in two 

main groups as granules and fiber materials. If the interphase 
binding is high, the dust particles are used as fillers or 
emulsifiers. Fibers can be used as reinforcing materials. 
Because the fibrous materials faces the applied load, they are 
much larger in length [6][7]. Plastics are organic polymeric 
materials that are usually solid at normal temperature and can 
be shaped or molded by mechanical methods using pressure 
and heat [8]. 
The technical characteristics of the WPC material used in the 
main beam design of I-joists are given in Table 1. 
 

Table 1: Composition of the material used in making WPCs 

POLYMER 

POLYESTER 

FILLING AND 

SUPPLEMENTS 

   Wood Flour, 

Calcite, 

      Glass Fiber 

Dust 

CONTRIBUTIONS 

Pigment and 

other additives 

%30-40 %40-60 %0.1-2 

 
2.2 Plywood 
Plywood according to TS 2128; the veneer layers are adhered 
to be perpendicular to each other and the inner and outer layers 
on both sides of the core are generally defined as a board 
symmetrical to each other [9]. The plywood can be produced 
from softwoods and hardwoods. The veneers are obtained by 
peeling, cutting and slicing from the wood material and they 
constitute the raw material of the plywood. 
The plywood is produced in such a way that the fiber 
directions of the layers are perpendicular to each other. Thus, 
dimensional stability is ensured throughout the width of the 
plywood, and rigidity and axial resistance in the direction 
perpendicular to the plane of the board are increased. Stratified 
structure dissipates defects, reducing possible delamination 
and increasing resistance when fasteners are used. 
 
2.3. Oriented Strandboard (OSB) 
Oriented strandboard (OSB) is based on the principle of gluing 
and waxing the chips obtained from small diameter round 
woods and they are placed in layers, and each layer is placed 
perpendicular to each other, and they were hot-pressed under 
certain pressure and temperature [10]. Raw materials used in 
the production of OSB; are wood raw materials, glues, 
hydrophobic materials, hardeners and preservatives. 
 
2.4. Scots pine 
Scots pine (Pinus sylvestris L.), which is the widest 
geographical spread among the existing pine species, has a 
very wide distribution area in Europe and Asia with a width of 
about 3700 km and length of 14700 km. Scots Pine is a species 
of the Pinaceae family, from the Gymnospermae class. It 
grows under different climatic and edaphic conditions. It is a 
very complex species with many subspecies, varieties and 
forms [11]. 
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2.5. Polyurethane glue (PU) 
Polyurethane glue is produced from double bonded alcohol 
and suitable isocyanate. It is a typical glue that resists to acids, 
oils, boiling water and microorganisms. The curing time at 

completes the reaction, it expands by about twenty times the 
volume and there is no shrinkage on the glue layer. The 
increase in temperature shortens the period of curing. Pressing 

[12]. 
 
2.6. Polyvinyl Acetate (PVA) glue 
It is one component D3-type water based, polyvinyl acetate 
based, odorless emulsion adhesive. It is used for gluing 
wooden materials. Before applying PVA glue, we must ensure 
that the surface to be applied is clean and dry. The surfaces to 
be bonded are joined after the glue is applied and left to dry by 
compression method. A damp cloth should be used to clean the 
overflow areas. It is easily cleaned with warm water and soap. 
It should be stored at 5-
receive direct sunlight. If not used, the package should be kept 
closed. It must be protected from getting frozen. 
 

III. METHOD 

 
In this study, wooden composite I-beam samples were 
prepared by using solid yellow pine, WPC, plywood and OSB 
materials. Solid wood was used in the lower and upper heads 
(flanges), and three kinds of I beams were designed using 
WPC, plywood or OSB at the body (Web) (Figure 4). These 
materials are bonded with PU glue, pressed under hydraulic 
press at room temperature for one day, and kept in controlled 
environment with 65% relative humidity and 20 degrees 
Celsius. 10 replicates for each group were prepared and tested. 
Also, PU glue and PVA glue were used as the adhesive in the 
beams during the manufacturing of I-joists with WPC . These 
designs made a comparison between PU glue and PVA glue in 
terms of mechanical performance. The dimensions of the 
designed beams are given in Figure 5. The density and bending 
resistances of the specimens were investigated. Also physical 
measurements were carried out. 
 

 
Figure 4. Designed I-joists 

 
 

 
 

Figure 5. I-joist dimensions 
 

3.1 Bending resistance 
When mechanical testing of large quantities of wood as used 

in construction, knots, fiber curling, etc. are extremely 
important defects in terms of effects on the mechanical 
properties. The resistance values detected in this way had 
better reflect the performance of the material in use. For this 
reason, in this study, the bending resistance of the joists in the 
structural dimension was tested. The TS 2474 standard was 
chosen as a base for the experiments [13]. According to this 
standard four-point bending resistance is determined. For four-
point bending resistance determination, the span between the 
supports is 66 cm. Two loading heads with a distance of 22 cm 
exerted the load placed on the supports. While the joists are 
placed on the supports, care has been taken to ensure that the 
knots remain on the tension side (top). The loading speed is set 
so that the movement speed of the loading heads is at most 6 
mm/minute. The bending resistance values were obtained by 
means of the values obtained from the load applied to samples 
until breaking. Experiments were carried out using the 
"UTEST" company's "LS100 Plus" model universal testing 
machine. The test setup is shown in Figure 6 and 7. 
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Figure 6. Four point bending test. 
 

 

    

   

C =        

I =  + 2) + ) +  

+ 2)    

In these equations;  

 

Mmax: Maximum bending moment (Newton * mm2)  

Pmax: Maximum load (Newton)  

4 

L: Distance between supports (mm)  

C: Distance between the neutral axis of I section and the top of 

the flange.  

 

Figure  7. Bending test of I joists 

IV. RESULTS 

The average physical measurement values of I joists were 
presented in Table 2. 
 
Table 2. The average physical measurement values of 3 type I joists 

 
I 

Joist 
parts 

Sample 
type 

Cross 
Section 
Area (cm2) 

Density 
(gr/cm3) 

Weight(g) 1 meter  
I-joist 
weight 
(kg) 
 

Upper 
flange 

Scots 
pine 

23.8 0.514 12.233 3.757  

Web WPC 8.4 1.560 13.104  

Lower 
flange 

Scots 
pine 

23.8 0.514 12.233  

      

Upper 
flange 

Scots 
pine 

23.8 0.514 12.233 3.004  

 Web Plywood 8.4 0.663 5.569  

Lower 
flange 

Scots 
pine 

23.8 0.514 12.233  

      

Upper 
flange 

Scots 
pine 

23.8 0,514 12.233 2.939  

Web OSB 8.4 0.586 4.922  

Lower 
flange 

Scots 
pine 

23.8 0.514 12.233  

 
According to the measurements, I-joists with WPC had the 

highest weight compared to others because of high-density 
properties. 
   Bending resistance tests were carried out to determine the 
mechanical properties of the designed I joists. In the designed 
I beams, the bending resistance is calculated from 4 points 
bending test results and presented in the following Tables 3 
and 4. 

Table 3. Average values and Duncan test results of bending 
resistance based on sample type. 

 

Sample type 

Average 

bending 

strength 

(N/mm2) 

Standard 

Deviation 

 

Coefficient 

of 

Variation 

(%) 

Duncan 

Test 

Groups 

WPC (PU 

Glue)  

6.89  1.17  0.37 b 

OSB (PU 

Glue) 

8.77  2.00  0.63 b 

WPC (PVA 

Glue) 

3.96 0.72   0.23 a 

Plywood(PU 

Glue) 

7.66  1.77   0.56 b 

 
Table 4.ANOVA results of bending tests. 

 

Variance Sum of Degrees of 
Average 

of 
F  Sig. 
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source  Squares freedom(df)  Squares 

Between 

groups    

Within 

groups 

Total 

119,47   

 

 81,53 

201,00  

3  

 

36 

39  

39,82 

 

2,26 

17,58 0,000  

  
  

  
* p < 

0,05  
  

 
According to the statistical analysis, the difference between 

groups are found significant and PVA bonded I joists was 
determined significantly lower than the other groups in terms 
of bending resistance. I joist with OSB was determined as the 
strongest type and it can be said that OSB is the most suitable 
material for I-joist manufacturing. 

V. CONCLUSION 

Three different I-joists were designed by using WPC, 
plywood and OSB, as the web element bonded with PU glue to 
Scots pine solid wood flanges. According to the results of four 
point bending resistance tests on the designed I joists, the 
average bending resistance of I-joists with WPC, OSB and 
plywood are found 6.89 N/mm2, 8.77 N/mm2 and 7.66 N/mm2 
respectively. The bending resistance values are close to each 
other in the beams designed by WPC. It is determined that the 
joist that is designed with OSB web material is found higher in 
bending resistance than the others.  However, PU bonded 
WPC used I joists presented satisfactory results. In order to 
investigate the effect of the type of glue used in the beams on 
the bending resistance, the joists were produced by using PU 
glue and PVA glue and they were compared. WPC material 
was used as the web element in the design of these beams. 
According to the bending resistance test results, the bending 
resistance value of the joists produced with PU glue was 7.03 
N/mm2 while the bending resistance value of the joists with 
PVA glue was found to be 3.96 N/mm2. According to these 
values, bending resistance of PU glued joists increased by 
78%. 
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Abstract - In this study, in order to investigate the fatigue life of 
6 BFR/Epoxy filament wound composite pipes, internal 

pressure fatigue tests were carried out  in terms of  ASTM D 
2992-12 standard at open ended condition for different stress 
levels (30%, 40%, 50%, 60% and 70%). As a reinforcement and 
matrix materials, Basalt Fiber, A Bisphenol A (DGEBA) epoxy 
were used in filament wound composite pipes respectively. At the 
end of fatigue tests, it was seen that the increasing stress level 
decreased the fatigue life (cycle). In addition, by rising stress 
level, the fiber breakage as catastrophic failure was predominant 
with burst damages  

Keywords - Basalt Fibers, Filament Wound Composites, 
Internal Pressure Fatigue Life. 

I. INTRODUCTION 

There are many studies about the fatigue life of Glass Fiber 
Carbon Fiber Reinforced composites. In addition, the fatigue 
life of the filament wound Glass and Carbon Fiber Reinforced 
polymer based matrix composite have been investigated by 
many researchers. However, Basalt Fiber Reinforced (BFR) 
composites as an alternative fiber instead of them have been 
performed in last decades due to higher the mechanical 
properties, thermal insulation, chemical resistance, fatigue life 
than E-Glass Fiber lower cost than Carbon Fiber. The studies 
about the fatigue life of basalt fiber reinforced composites are 
insufficient in literature[1-9].  
In this study, the fatigue life of 6 filament wound 
composite pipes have been investigated to determine it as well 
as failure behaviors . 

II. EXPERIMENTAL PROCEDURE 

6 filament wound composite pipes have been produced in 
commercial firms via CNC filament winding machine. The 
geometry of BFR/Epoxy composite pipe is given in Figure 
1.[1]. 

   
Figure 1: Geometry of BFR/Epoxy Composite Pipe[1,5]. 

 
As a reinforcement material, 12K 400 tex 6 filament 
wound composite pipes basalt fiber was used and as a polymer 
matrix Bisphenol A (DGEBA) was used for 6 
BFR/Epoxy filament wound composite pipes[1]. 

 
The internal pressure fatigue tests were applied to ]6 
BFR/Epoxy filament wound composite pipes at open ended 
condition by repeating 3 times in terms of 30, 40, 50, 60 and 
70% 6 BFR/Epoxy 
filament wound composite pipe, 25 cycle/min, R=0.05 
according to ASTM D 2992-12 standard. The internal pressure 
fatigue test equipment is given in Figure 2[1].  
 

 
Figure 2: The internal pressure fatigue test equipment [1]. 
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III. RESULTS AND DISCUSSION 

6 filament wound 
BFR/Epoxy composite pipes were carried out according to 30, 

6 
BFR/Epoxy filament wound composite pipes. The burst 
tangential stress [55]6 BFR/Epoxy filament wound 
composite pipe was found as an average of 595 MPa. As 
results of internal pressure tests, the fiber breakages final 
failure as burst failure was observed at  40, 50, 60 and 70% 
stress of burst tangent 6 BFR/Epoxy filament 
wound composite pipes. When the fatigue life of BFR/Epoxy 
composites as S-N diagram given in Figure 3. It was found 
223969N (Cycle) for 30%, 38631N for 40%, 7228N for 50%,  
1569N for 60% and 589N for %70 of tangential stress. S-N 

6 BFR/Epoxy filament wound 
composite pipes is shown in Figure 3 with standard 
deviation[1].  
 

 
Figure 3: S- 6 BFR/Epoxy filament wound composite 

pipes[1]. 
 
Besides with increasing internal pressure for stress levels, the 
structural changing has been introduced in Figure 4.   

  

 
Figure: 4 6 BFR/Epoxy filament wound 
composite pipes under the increasing pressure of fluid[1]. 

 
While the increasing the stress levels of 6 BFR/Epoxy 
filament wound composite pipes, the fatigue life of them 
decreased. It was commented that the increasing repeated 
loading and unloading fluid pressure caused to accelerate the 
forming of matrix cracking, debonding, delamination and of 

fiber breakage of catastrophic failures. According to stress 
levels of BFR/Epoxy composite pipes, firstly matrix cracking 
have occurred in rich epoxy resin. With increasing cycle 
separating of fiber and epoxy each other has formed as called 

hen delamination failures  have 
begun between interlaminates. The fiber breakage failure has 
come in existence as a catastrophic failure at weakness 
layers[1-9]. 
According to stress level 6 BFR/Epoxy 
filament wound composite pipes are given in Figure 5, 6, 7, 
8and 9. 

 
6 BFR/Epoxy filament wound composite 

pipes for %30 of tangential stress[1]. 

 
6 BFR/Epoxy filament wound composite 

pipes for %40 of tangential stress[1]. 

 
Figure 7: 6 BFR/Epoxy filament wound composite 

pipes for %50 of tangential stress[1]. 
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6 BFR/Epoxy filament wound composite 

pipes for %60 of tangential stress[1]. 

 
6 BFR/Epoxy filament wound composite 

pipes for %70 of tangential stress[1]. 
 

IV. CONCLUSION 

6 
BFR/Epoxy filament wound composite pipes at open ended 
condition according to 30, 40, 50, 60 and 70% stress of burst 
tangential stress 6 BFR/Epoxy filament wound 
composite pipe have been listed in below. 
 

 The increasing tangential stress level of BFR/Epoxy 
composites, cycle of them decreased. And so, the 
fatigue life has been decreased.  

 For all stress levels, BFR/Epoxy composite pipes have 
burst with catastrophic failure with fiber breakages. 
The fluid jet failure have been not seen during 
internal pressure fatigue tests 

 Failures of debonding delamination and fiber breakage  
have been observed for all stress of levels of 
composites 

 It was seen that the fiber breakage was predominant 
failure by increasing stress levels.  
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Abstract - In recent years, various alloying procession gray cast 
iron has been performed to prevent some of its disadvantages. In 
gray cast iron, alloying elements such as copper, chromium and 
titanium are used to increase mechanical properties. Copper is 
widely preferred in the industry to increase mechanical 
properties in gray cast iron such as tensile strength and hardness. 

In this study, tin (Sn) was added to gray cast iron material in 4 
different ratios (0,03-0,06-0,09-0,12-0,15) and the effect of tin on 
microstructure and mechanical properties was investigated 
experimentally. 

Hardness and microstructures were compared with two 
reference samples, one containing 0.4% copper and the other 
without any copper or tin addition. According to Brinell 
hardness test results, the highest hardness value was 177 HB in 
0.12% tin (Sn) addition. 

In the microstructure results, the highest perlitic rate was 
found in the sample containing 0.09% Sn. Samples with a tin 
content of up to 0.12% had a type A lamellar structure. 

 
Keywords  Gray cast iron, tin, microstructure, hardness 

properties. 
 

I. INTRODUCTION 

The commercial use of cast iron is thought to be a major 
driver of the Industrial Revolution. The foundations of modern 
industrial society have been shaped by cast iron [1, 2]. 

Many researchers have investigated the contribution of 
various elements to the properties of gray cast iron. Nickel 
addition refines the perlite and graphite structure of gray cast 
iron and it has been found that it increases the toughness and 
hardness differences between the section thicknesses [3]. 

The fact that the hardness values of the developed cast iron 
increases as the weight % of added copper increases can be 
attributed to the formation of thinner ledeburite. In addition, it 
has been observed that as the weight % of added copper 
increases, the impact energy increases [4]. 

Sulfur is a surface active element that can exhibit many 
adverse effects including the promotion of degenerated 
graphite forms, intercellular carbides, increased cooling 
tendency and high hardness perlite [5]. 

When manganese is not present in sufficient concentrations, 
sulfur reacts with iron to produce a short-lived melting phase 
(FeS), which can cause a short-term shock [5]. 

Sulfur coexists with manganese in iron to form MnS, and 
manganese must be present in order to bind sulfur and avoid 
the undesirable consequences of high sulfur concentrations. 
As a result, the industry has always added manganese to 
control the sulfur in the alloy [5]. 

Chromium appears as carbide in iron, and if the carbon 
value is kept high, it increases the tendency to form white cast 
iron and thus improves the wear resistance of the iron [6, 7]. 

Shaban et al. showed that tin (Sn) increased the compact 
graphite and graphite aspect ratio. The effect of tin on sphero 
cast iron has been studied in the literature, and investigated in 
some industrial organizations. Its effect on gray cast iron has 
been investigated in this study [8]. 

Excessive addition of tin (Sn) in vermicular cast iron 
expanded the tendency of supercooling, and some in the 
melting system solidified based on metastability while some 
solidified as free cementite [9]. 

Increasing the content of tin (Sn) pushes the eutectic point 
of the melting system to the right, thereby promoting primary 
austenite production during solidification [10]. 

When the content of tin (Sn) is increased by 0.03 to 0.057 
wt%, the graphite size visibly reduces, and an increase in 
tensile strength and impact toughness is obtained. 

In addition, the increase in the amount of perlite and the 
decrease in the distance between the perlite layers also 
contribute to the strengthening of vermicular cast iron [10]. 

Addition of Sn shrinks vermicular graphite and 
homogeneously dissolves in the matrix. Sn stabilizes and 
refines perlite, that is, it increases the perlite content and 
reduces the average layer gaps of perlite. Addition of 0.057 
wt% tin results in troostite with a perlite amount of over 95% 
in vermicular cast iron, and a stratified field separation of <83 
nm [10]. 

More than 0.112 wt% of Sn causes the formation of 
undesirable free cementite, which damages mechanical 
properties [10]. 

The morphology and size of the soft graphite lamellae have 
a significant effect on the hardness of gray cast iron and hence 
the wear resistance. There is an inverse relationship between 
hardness and impact resistance of gray cast iron [11]. 

In this study, the effects of tin (Sn) addition on 
microstructure and mechanical properties were experimentally 
investigated by the addition of tin (Sn) in gray cast iron 
material in 5 different ratios (0.03-0.06-0.09-0.12-0.15%). 
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II. MATERIAL AND METHOD 

The method chosen for this study is the production of 
hardness and microstructure samples cast in sand molds with 
different tin (Sn) and copper (Cu) additions under foundry 
conditions. Experiments were carried out on the produced 
samples with appropriate devices, the values obtained were 
examined and the results were evaluated. 

For the study, two reference samples with different 
compositions and five research samples with different 
chemical compositions containing tin (Sn) were produced. The 
first reference sample does not contain copper and tin. The 
second reference sample contains copper and not tin. The 
other five research samples contain only tin alloy elements in 
different proportions. 

Within the context of this study, the samples were cast in 
accordance with the pre-prepared conventional sand molds at 
suitable casting conditions and temperatures. 

Casting temperature was determined as (+/-10) 1320 C0. 
During the casting of the samples, the amount of 

inoculation was determined as 0.04 wt% for all samples, 
which is the standard amount. The inoculation process was 
carried out in the pot. Ferrosilicon alloys containing small 
amounts of Ca were used as the inoculant. 

The chemical composition results of the samples prepared 
are given in Table 1. The amount of P element was 0.039%. 
The amount of S element was 0.072%. 

 
     Table 1: Chemical composition of research sample. 

 
C 

(%) 
Si (%) 
(Ladle) 

Mn 
(%) 

Cu (%) Sn (%) 

1 Unalloyed 3,471 1,812 0,463 0,067 0,001 

2 (0,4 Cu) 3,471 1,812 0,463 0,435 0,001 

3 (0,03 Sn) 3,471 1,812 0,463 0,067 0,030 

4 (0,06 Sn) 3,471 1,812 0,463 0,067 0,060 

5 (0,09 Sn) 3,471 1,812 0,463 0,067 0,090 

6 (0,12 Sn) 3,471 1,812 0,463 0,067 0,120 

7 (0,15 Sn) 3,471 1,812 0,463 0,067 0,150 

 
For the casting of the samples, small pots of 30 kg were 

used. The alloying elements and the graining material were 
prepared precisely for 30 kg and placed in the pot before the 
molten metal was taken to the pot. 

The casting process of the samples was carried out by 
taking the liquid metal into the pot, taking into account the 
casting temperature stated above. 

Before being taken to cleaning and processing, the samples 
were numbered to prevent mixing. 

Once casting was completed, the samples were left to cool 
down, and the cooled parts were subjected to sandblasting 
process to clean the sand on the surface. 

The cleaned specimens were grinded to remove excess 
materials such as runner and burrs etc. 

 
Finally, all samples were processed on CNC machines and 

brought to the appropriate forms for testing. 
Tests were carried out with appropriate test devices under 

the same conditions for the samples brought to a standard size, 
and the obtained results were analyzed. 

 
A. Investigation of Hardness Property 

Within the scope of the study, sand mold casting process for 
hardness samples was performed initially. After casting the 
liquid metal into the mold cavity, the samples were allowed to 
cool normally in the mold. 

Cooled samples were subjected to sandblasting for cleaning 
the sand on the surface, followed by a 5 mm chip removal 
process on a CNC machine to get rid of the roughness of the 
surface.  

After the chip removal process, the surfaces of the samples 
for hardness evaluation were sanded with a 600-mesh 
sandpaper. Hardness tests of the samples were performed with 
the Brinell hardness measurement method. 

 
B. Investigation of Microstructure 

The specimens taken by fine cutting process from the cast 
samples were first subjected to sanding, followed by 
polishing, to make the surface ready for looking at 
microstructure. The graphite structure of the material was 
examined before the etching process, and the perlite and 
ferrite structure was examined after the etching process. 

In order to see the ferrite and perlite structures in the 
microstructure of the samples, etching was carried out in a 2% 
nital solution for 8-10 sec. It was found that the burns 
occurring in the ferritic region when the waiting time was 
extended was misleading for the determination of perlite ratio. 

Metal microscope was used to examine microstructural 
results. 

 

III. DISCUSSION AND RESULTS 

1) Hardness Test 
As is known, the mechanical properties of cast iron depend 

on graphite morphology (shape, distribution, quantity and 
size) and matrix structures (ferrite, perlite). Literature research 
shows that the increase of the perlite ratio in the matrix 
structure and the regular distribution in the graphite 
morphology increase the hardness value [3, 10, 11]. 

Brinell hardness test was carried out at three different points 
on the research samples. One of the hardness values is at the 
midpoint and the other two are the edge hardnesses. The 
results of the hardness tests are shown in Table 2 with their 
averages. The lowest hardness value was obtained from 
reference sample 1, to which no alloying element was added. 
The closest value to this was observed in sample 3 with a tin 
(Sn) content of 0.03%. 
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Only copper (0.043% Cu) was added to sample 2. The 
hardness results in Table 2 demonstrate the positive effect of 
copper on gray cast iron hardness. 

The hardness values of samples with different tin (Sn) 
contents of 0.03-0.06-0.09-0.12-0.15% are shown in Table 2. 
The highest hardness value was obtained from the sample with 
0.12% tin. It was seen that the hardness value of gray cast iron 
containing 0.43% copper (Cu) was between the hardness 
values of the samples containing 0.06-0.09% tin (Sn). 

 
Table2: Hardness Results 

Hard
ness 
(HB) 

0,4 
Cu 

0,00 
Sn 

0,03 
Sn 

0,06 
Sn 

0,09 
Sn 

0,12 
Sn 

0,15 
Sn 

157 144 146 150 163 177 161 

 
2) Microstructure Results 

The following figures illustrate the graphite morphology 
and the amount of perlitic texture of the samples with different 
tin (Sn) content and the reference samples. 

As can be seen in the microstructure results below, 
reference samples demonstrate an A type graphite structure 
(Figure 1, Figure 2). In the sample containing 0.15% tin, 
graphite morphology was more dispersed and rosetting was 
observed certain places (Figure 7). This result is in agreement 
with the results of Y. Lyuet al [10]. 

In Figure 1, the perlite ratio in the microstructure of the 
sample without any alloy elements is approximately 50%. In 
Figure 2, it is about 75% for the sample with added copper 
(Cu) element. 

Based on the microstructure results, it was found that the 
increase in the amount of tin (Sn) results in an increase in 
perlitic structure. About 40% perlite was observed in the 
sample containing 0.03% tin, while this ratio increased up to 
95% as the amount of tin increased. It was found that perlite 
amount was at the maximum level when tin amount was 
0.12%. 

 
Figure 1: Etched microstructure of the sample without Cu and Sn 

addition at 10X magnification. 

 
Figure 2: Etched microstructure of the sample containing 0.4% Cu at 

10X magnification. 

 
Figure 3: Etched microstructure of the sample containing 0.03% Sn at 

10X magnification. 

 
Figure 4: Etched microstructure of the sample containing 0.06% Sn at 

10X magnification. 
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Figure 5: Etched microstructure of the sample containing 0.09% Sn at 

10X magnification. 

 
Figure 6: Etched microstructure of the sample containing 0.12% Sn at 

10X magnification. 

 
Figure 7: Etched microstructure of the sample containing 0.15% Sn at 

10X magnification. 

 

IV. CONCLUSIONS 

In this study, the effects of tin (Sn) on the microstructure 
and mechanical properties of gray cast iron were investigated 
by metal microscopy and Brinell hardness tests. A few 
conclusions and recommendations are listed below. 

Sn addition resulted in a homogeneous graphite 
morphology up to a ratio of 0.12% Sn, and tin was 
homogeneously dissolved in the composition. 

The addition of Sn continuously increased the perlitic ratio. 
In parallel with the increase in the perlitic ratio, the hardness 
value also increased up to 0.12% Sn. 

In this study, the highest hardness value was obtained as 
177 HB in the sample containing 0.12% tin (Sn). 

It is recommended to use tin with a ratio of up to 0.12%. 
Beyond this point, tin affects the hardness of cast iron 
negatively. 

While the addition of 0.4% copper raised perlite ratio to a 
level of 75%, addition of 0.09% tin resulted in a 80% perlitic 
ratio. 

It is recommended to use tin in order to obtain a high 
perlitic texture in gray cast iron microstructure. 
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Abstract - Design and manufacturing of modular, platform-
based products are important solutions for companies to meet 

competitive market. Modular design methods provide companies 
to be able to produce a wide range of products at the lowest cost 
and shortest time. There is considerable amount of research on 
modularity for mechanical products. On the other hand, research 
on the conceptual structuring of mechatronic product families is 
quite limited. The aim of this study is to apply an existing 
modular design methodology for the development of a 

which is a smart and interactive, puzzle type mechatronic 
product family model for transportation tasks. The paper 
presents the modula
as its physical realization.  
 

Keywords  Modular mechatronics, Modularity, Mechatronic 
product family, Platform-based product.  
 

I. INTRODUCTION 

economy forces companies to offer a variety of products, 
satisfying individual desires and requirements of customers. 
Product variety in mass customization is provided by 
platform-based products which form product families. A 
product family refers to a set of similar products that are 
derived from a common platform and yet possesses specific 
features/functionality to meet particular customer 
requirements [1]. Platform-based product development needs 
modular design methodologies and therefore, development of 
systematic methods for assuring modularity has been a 
significant research topic in design science. However, most of 
these efforts are devoted towards mechanical products and 
they are generally component-dependent methods. Today, 
mechatronic products have become important for sustaining 
high living standards of people, as well as for increasing 

 
Mechatronic products are based on integrated knowledge from 
various engineering disciplines. Therefore, development of 
modularization methods for such products is an important 
research area that needs much contribution.  
 
This paper presents a case study towards such a contribution 
to implement existing modularization methods on a smart and 
interactive, puzzle type mechatronic product family, called 
Smazzle. We have designed a system which has mainly three 

module types. By combining modules in these groups, 
different products can be designed. One of these module 
groups, namely the main module, is the common module in all 
products of the family and it has the computer and energy 
source. The other two module groups are the top and bottom 
modules. Bottom modules is for motion, and top modules are 
for the different operational functions.  Both of these module 
groups have several options for different tasks. By combining 
a main module, a top and a bottom module, a product with a 
specified task can be produced.  

The remaining part of this paper is organized as follows; 
Section 2 provides a brief literature review on modular design. 
In Section 3, modular design and production of Smazzle is 
explained. Finally, Section 4 concludes this work and 
describes future research directions. 
 

II. LITERATURE SURVEY 

Mass customization is an important issue that should be 
considered from design, production, marketing and sales 
perspective [2]. Companies today are changing their design 
and production strategies towards development of platform-
based modular products (product families) to allow mass 
customization. Modularity has been defined as the degree to 
which a prod
minimal interactions [3]. Modularity is described as a relative 
property of a product structure as opposed to an integral 
structure. In a modular structure, a module implements only 
one or a few main functions in its entirety, whereas in an 
integral structure, the functionality is spread all over the 
product. Even though the understanding of modularity has 
become more abstract and more related to functionality than 
geometry, a module is still fundamentally defined as a 
physical unit. Many research in modular product design has 
been devoted to the identification and development of 
modules.   

One of the important initial studies is the heuristic method 
for identifying modules from functional models [4]. This 
method has been extended with functional modeling of the 
products [5] and a systematic methodology for architecting a 
product portfolio has been suggested [6]. 

Since the development of modular products requires the 
identification of highly interactive groups of elements and 
arranging (i.e., clustering) them into modules, research has 
also been directed towards clustering techniques [7]. An 
adaptable design is proposed [8] aiming at creating designs 
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and products that can be easily adapted for different 
requirements, as a generalization of modular design, product 
platform design, product family design and mass 
customization design. A modular product design methodology 
is developed as an integrated approach by combining several 
methods to allow designers to generate design solutions using 
modular concepts in a systematic manner. This new 
methodology contains four significant methods that form the 
integrated methodology; Generalisation, Modularisation, 
CUstomisation and REconfiguration (GeMoCURE) [9]. 

In designing product families, flexible product platforms are 
required. An integrated product modularization scheme is 
proposed for the modular identification of a flexible platform 
based on flow analysis, design structure matrix (DSM) and 
fuzzy clustering [10]. Recently, systematic methods for 
developing modularity of mechatronic products have been 
investigated by researchers. For example a modularization 
scheme has been developed for the modular design of 
mechatronics systems by integrating the DSM based 
modularization with the FBS (Function-behaviour-state) 
modeling [11]. 

As mechatronic products become important for sustaining 
high living standards of people, as well as for increasing 

customization and development of platform-based products 
are important for mechatronic product companies in order to 
be agile, so that they can develop new products in a very short 
period of time without changing the overall design of existing 
products. Therefore, companies need experience in applying 
systematic methods for the development of modular, platform-
based mechatronic products. The above-mentioned 
requirements for mass customization in mechatronic product 
development need modular design methodologies for such 
products. Mechatronic products require integration of 
knowledge from various engineering disciplines starting from 
early design phases; particularly from the conceptual design 
stage. Thus, use of a top-down design methodology in 
mechatronic product development is necessary. This design 
methodology is based on generalization of the required overall 
function of the product, and then, dividing the overall function 
into simpler sub-functions by means of functional 
decomposition. Such a design methodology is a basis for the 
implementation of modular design methods that exist in the 
literature. Thus, mechatronic product design is considered to 
be useful for the implementation of existing modular design 
methods. In the following section, a case study is presented as 
a demonstrative example for the implementation of modular 
mechatronic product development. 

 

III. MODULAR DESIGN OF SMAZZLE 

In this study, a demonstrative mechatronic product family 
model (namely Smazzle) has been developed, as a multi-
functional transportation system that could be used in 
emergency cases such as eartquakes or mining accidents with 
minimum human intervention. The system is composed of 
various modules with mechanical, electronic and software 
components. Smazzle has three different module types and 
alternative transportation systems with different tasks can be 

obtained by changing some of these modules. Figure 1 
represents the overall structure for the Smazzle product family 
and Figure 2 depicts the material, energy and information flow 
in the system.  

 

 
 

Figure 1: Modular structure of the system. 
 
The three module types in the Smazzle product family are 

explained below: 
 

A. Main Module 

The main module is considered as a product platform, which 
is common for all products in the Smazzle product family. 
Main module is used to supply energy to the system and 
control the task execution and operation. Therefore, main 
module is composed of a microprocessor and a control unit 
with module controllers. There is server-client relationship 
between the modules. 

B. Bottom Modules 

Motion of the products in the Smazzle family is performed 
by using bottom modules. There are several different types of 
bottom modules using different components for different types 
of mobility such as palette, 2x4 wheels, boat, 4x4 wheels. 
Bottom modules are also responsible for assuring stability of 
motion on the ground. Two sub types exist for the bottom 

 
Station Module: This module is intended to be a stationary 

bottom module to be used as an allocated to four mobile 
systems. This module is able to check for availability of 
stations. The main task of this module is to transmits 
information from its sensors with electronic systems, to the 
other modules. 

Motion Modules: These are the mobile bottom modules and 
the operation of these modules are as follows; Module 
activation is provided by two wheels and motion modules can 
find the way to their destination. Motion modules avoid 
obstacles on their way, by the help of their distance sensors. 
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Figure 2: Energy, material and signal flows in the Smazzle system. 
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Figure 3: Electronic circuits in the Smazzle system. 

 
 

The following bottom modules are considered in the design, 
although only the first one is physically produced due to 
budget limitations: 

 

 Asphalt Path Module (for motion on an asphalt road) 

 Soil Path Module (for motion on soil road) 

 Terrain Module (for motion on a terrain surface)  

 Iron Path Module (for motion on rails) 

 Marine Transportation Module (for motion on rails) 
 

C. Top Modules 

Top modules determine the operational skills of the products 
in the Smazzle family. These modules are used for performing 
various tasks such as carrying load, gripping via a robotic arm, 
serving as an ambulance or fire truck. 
 
 

There are two main sub-types for the top modules as; 
 

 Carrier Modules 

 Robot Arm Module 
 
Carrier Modules: Carrier modules have been developed for 
handling loads. These modules are able to sense the loads via 
their sensors and by means of information transfer through 
electronic circuits (Figure 3) of the main module. 
 
Robot Arm Module: This module provides access to various 
objects around the system by means of mobility gained by 
servo motors. Thus, a robot arm module can perform the 
desired movement. In addition, sub modules are attached to 
the upper side of the robot arm module to perform a variety of 
tasks via actuators. Sub-modules for the robot arm module are 
as follows; 

 Robot Arm - Clamp Module (Gripper Module) 

 Robot Arm - Hook Module 

 Robot Arm - Bucket Module 

 Robot Arm - Colour Recognition Module 

 Robot Arm - Height Finder Module 
 
In this study some of the above-mentioned modules are 
designed and produced as shown in Figure 4.a. Physical 
models for 4 different products in the Smazzle family are 
illustrated in Figure 4.b. These product models are 
operationally tested and the system successfully executed its 
tasks.  Figure 5 illustrates a view of the physical test 
environment. 
  
 
 

 

 

(a)  (b)  

 
Figure 4: (a) All modules of the system. (b) Products in the family. 
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Figure 5: Operational view of the system. 

 
 

  

IV. CONCLUSION 

Modular design philosophy and modular products 
have an increasing prevalence in recent years due to changing 
market requirements. It is indisputable that producers need to 
produce modular products in order to meet today's diverse 
customer needs. The case study summarized in this paper is an 
initial study conducted at the laboratory to test the modular 
design methodology for mechatronic systems. In this study, 
the design, production and assembly of a mechatronic product 
family, called Smazzle has been developed. The system is 
composed of various modules and several products with 
different functionalities are developed using these modules. 
The system is operationally tested and all products of the 
family executes their tasks successfully. The work presented 
in this paper is one of the initial case studies for modular 
mechatronic design. Future research will be directed towards 
the development of systematic methods for modular 
mechatronic design to develop mechatronic product families. 
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Abstract - In this study, a robot with single spherical wheel is 
designed and produced. It can move to all directions on a 
spherical wheel like a ball and use three omnidirectional wheels 
placed on the ball to realize the movements. This robot has 
naturally unstable structure and balancing problem like a two 
dimensional inverted pendulum but has more complex structure 
and needs more complex controller than the inverted pendulum. 
The mathematical model of the robot is obtained using Euler-
Lagrange method and simulated by the Matlab program. A PID 
controller is designed to balance the robot on the ball in the Z-
direction. The mechanics of the robot consists of three 
omnidirectional wheels; three servo motors connected the wheels, 
a big ball as a main wheel between the robot and the ground, the 
body and electronic components. The designed robot body is 
produced by aluminum profiles and plastic parts printed by a 3D 
Printer. All simulations and robot production is made 
successfully.  
 

Keywords - Single wheel robot, spherical wheel, balance 
control, PID.  

I. INTRODUCTION 

Mobil robots are very popular and there are many 
studies about their design and control. One of the 
popular robots is the single spherical wheeled robot 

called Ballbot. These robots have generally three or four 
actuator with special wheels and can move on a ball to all 
directions. This structure has two basic problems. The first one 
is balancing on the ball and the second one is position control 
of the ball. The first robot with single spherical wheel was 
developed by Lauwers et.al at Carnegie Mellon University in 
2006 [1]. However, the two or single wheel robots are older 
then it. Son et.al designed a two wheel, self-balancing robot 
called eScooter [2]. The robot controlled by adaptive back 
stepping controller and experimental studies was made 
succesfully. Another example is the robot developed by Kadis 
at.al. The robot has only one wheel and it can balance on the 
wheel when moving to any direction with a load. Proportional-
Derivativ controller was used to balance control of the robot 
[3]. 

Ching-Wen Liao et.al developed a robot using a mouse-ball 
driving system actuated by two brushless motors. The balance 
control and path tracking processes are controlled by a sliding 
mod controller [4]. In another study, Tsai et.al developed a 
self-balancing and position controller for a Ballbot [5]. They 
made successfully simulations and experimental studies. Satici 

et.al developed a mathematical model and designed a PID 
controller for linear and non-linear models using simulations 
[6]. 

Yang et.al designed a micro ball-balancing robot with a 
smartphone interface and its height is only 25cm [7]. Navabi 
et.al developed a novel fuzzy sliding mode controller for a 
Ballbot and tested by simulations [8].  

In this study a single spherical wheeled self-balancing robot 
is designed mechanically and a controller is developed to 
balance it in the Z-axis. The robot is modeled and simulated by 
Matlab program. The controller is also modeled and tested by 
simulations. The simulations show that the self-balancing 
control is successful. Position control and experimental studies 
are planned as a feature work.  

II. MATERIAL AND METHODS 

A. Mathematical Model of the Robot 

A simplified, two dimensional drawing of the robot 
structure is given in figure 1. The body of the robot is placed 
on a spherical wheel. This structure is unstable and similar to 
inverse pendulum. All system parameters are given in Table 1. 

 is the angle between the Z-  is the 
angle between the body and the ball. r
ball, mb is the ball weight mB l
distance between the ball center and the center of the gravity 
of the body, Ib is the inertia of the ball, IB is the inertia of 

g Dc  is coulomb 
friction constant Dv  is the viscos friction constant. All 
parameters used in the study are given in the Table 1 [9]. 

 

 
Figure 1: Drawing of the robot structure. 
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Table 1: System parameters. 

Symbol Parameter Value 

 
Angle between the body and 

the Z-axis 
- 

 
Angle between the ball and 

the body 
- 

r Radius of the ball 0.12m 

mb Mass of the ball 0.6kg 

mB Mass of the body 7.227kg 

l 
Distance between the ball 

center and  the gravity center 
of the body 

0.37m 

Ib Ball inertia 0.0057kgm2 

IB Body inertia 1.829kgm2 

g Gravity constant 9.8N/kg 

Dc Coulomb friction 0.00137Nm 

Dv Viscous friction 0.00137Nm 

 
The energy equations given in equation 1 and equation 2 are 

used to obtain the mathematical model of the robot [9]. The 
kinetic energy and the potential energy for the body are also 
given in equation 3 and 4. 

 

      
                                                  (1) 

 
                                                                                   (2) 

 

        (3) 

 
                                                           (4) 

 
The non-conservative forces (FNC), defined using the 

coulomb friction and the viscos friction, is given in the 
equation 5. The differential equations can be obtained by 
Euler- Lagrangian method given in equation 6. The linearized 
steady-space model of the robot is given in the equation 7-17. 
Detailed information can be found in [9]. 

 
                                                         (5) 

 

                            (6) 

 
                                                                       (7) 

 

                                                         (8) 

 

                                                                                (9) 

 
; D=0                                                          (10) 

 

                        (11) 

 

                                              (12) 

 

                                   (13) 

 

                         (14) 

 

                        (15) 

 

                                                (16) 

 

                             (17) 

 

B. Mechanical Design 

The mechanical structure of the robot, given in figure 2, 
consists of three omnidirectional wheels; servo motors 
connected the omnidirectional wheels, the body and the ball. 
The omnidirectional wheels are shown in figure 3. These 
wheels connected to servo motors and placed on the ball. The 
angle that is between each wheel is 120o on the horizontal 
plane. The angle between the Z-axis and the wheels is 45o for 
each wheel. The drawings of the wheel placement on the ball 
are given in figure 4. 
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Figure 2: Mechanical structure of the robot. 

 

 
Figure 3: The omnidirectional wheel. 

 

 
Figure 4: The placements of the wheels. a) Horizontal placement 

of the wheels. b) Vertical placement of the wheels. 

 
The connection between the wheels and the body is made by 

the parts produced by a 3D printer. The completed connections 
are shown in figure 5 and the robot shown in figure 6. 
Aluminum profiles and plates are used to complete the robot 
body. The radius of the robot is 17cm and length is 133cm. 
total weight of the robot is 8 kg with the ball. The radius of the 
ball is 12 cm and its weight is 600gr. 

 

 
Figure 5: The placements of the wheels. 

 
Figure 6: The front view of the robot. 

C. Controller Design 

Proportional-integral-derivative (PID) controller is used as a 
balance controller for the robot. A general structure of a PID 
controller is given in equation 18. PID controller is widely 
used in many applications and it has enough performance for 
this application. The tuning process of the PID is made by trial 
and error method. 

 

                                    (18) 

D. SIMULATIONS 

The designed robot and the controller are simulated using 
the Matlab program. The robot model is created using the 
differential equations and made the balancing control. All 
control study is made by simulations using the Matlab 
program. The general block diagram of the designed 
simulation is given in figure 7.  
 

Figure 7: General block diagram of the simulation. 
 
The PID tuning process is made by trial and error method. 

The used PID coefficients for the simulation are KP=150, 
K =50 and KD=2. 

The body angle and the body position graphs are given in 
figure 8. The reference angle for the body is 1o. It reaches the 
reference angular position in 1.42s and the steady-state error is 
%0.03. The robot moves continuously to balance the body 
with desired angular position. 
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Figure 8: Simulation results. 

III. CONCLUSIONS 

In this study, a robot with a single spherical wheel was 
designed and simulated successfully. The mathematical model 
of the robot was obtained and a mechanical design was made 
using a ball, a body with aluminum and 3D printed parts, three 
omnidirectional wheels and motors. A simulation study was 
also made to see the robot balancing performance. The 
designed PID controller was tuned successfully and the 
simulation results show that the robot can balance on the 
desired angle in the Z-direction. 
 

A real-world application of the balance control of the robot 
and position control are feature plans for this study. Some 
optimization applications for the controller are also part of the 
plans. 
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Abstract - Robots offer an efficient way as assistive devices to 
perform many errands. In this study, it is aimed to present a 
proof-of-concept robotic system that is called TeleTouch. 

s motions/gestures to be 
transferred in a desired remote location within an acceptable 
delay. In the implementation, Leap motion sensor, RaspberryPi, 
and Arduino kits are used. Hand model that is manufactured by 
3D printers is actuated by Arduino system which drives the servo 
motors connected to the hand model. RaspberryPi is used not only 
for transferring camera view of the hand model to the controlling 
remote system but also for transferring fingers attributes to the 
Arduino system. A special software is developed in .Net platform 

 fingers from leap motion 
sensor. Delay times of the local and remote system are 
investigated and it is understood that proposed system 
successfully transfer motion in almost real time. 
 

Keywords  robotic hand, real-time control, leap motion 
 

I. INTRODUCTION 

HE efforts of mankind to facilitate lifesytle are based on 
their first years of existence. These struggles, which are 

anticipated as the design of new hunting tools in the Stone 
Age; continued as mechanization and nowadays it has reached 
such a dimension to produce with robots and computer-aided 
automation. So, machines are being designed that can either 
replace humans for some works or help alleviate their burden 
ensuring a quality and fast production. The next step in 
robotics in production industry is the design and usage of 
humanoid robots widely. Recent studies [2-8] in literature 
clearly show  a rapid developments in the field today. Of 
course, these developments will also be reflected in the 
exploration of humanoid robot development in the near future, 
as well as in all areas [1].  
       In this study, it is aimed to develop a system that could be 
used in different application fields in order to contribute to the 
technological developments. In the proposed study, an 
integrated structure has been developed that uses image 
processing to interpret human movement. In this system, image 
processing technique is used without the need for any gloves 
or sensors unlike the reviewed studies in literature. The 
developed system stands out with its potential to be widely 
used in remote control systems as well as providing innovation 
in different areas of technology. 

The rest of the paper is organized as follows. In Section 
II, details and scope of the project is given. Section III 
introduces the proposed methodology. Section IV investigates 
the results of the study. Finally, conclusions are summarized in 
Section V. 

II. SCOPE OF THE STUDY 

In the proposed study, it is aimed to develop software and 
the mechanical system which enables real hand movements to 
be imitated simultaneously by the robotic hand. In the system, 
hand movements are read from Leap Motion, and the collected 
data is transmitted to robotic hand via TCP / IP protocol. The 
robotic hand is connected to the processor and assessed for 
live hand images. The movements of hand is captured and 
imitated to perform the same movements. Thus, a robotic hand 
control system has been developed to apply remote controlled 
hand movements on an individual basis. The user panel has the 
ability to send the environment images, temperature and 
humidity data, and the degree of cushion stiffness it touches. 
Use of this kind of systems open up new possibilities such as 
bomb disposal, unmanned exploration, surgical operations and 
so on.  

III. METHODOLOGY 

The design of the system consists of three basic stages. The 
first stage includes the user interface software, which is 
developed in C#. The second stage is the one where the finger 
and hand gestures are sensed and converted to values.  The 
image data are transferred via the TCP / IP protocol Internet. 
Finally, the Arduino platform is used to read sensor values and 
control of the servo motors. First of all, the user plugs Leap 
Motion to the computer. Then it starts the application. 
Whenever the user moves his/her hands and fingers, hand 
information is read and interpreted by the application. Later, 
the user specifies the IP address of the device he/she wants to 
connect to and then connects to the remote device (to a 
server). The remote device is actually a small computer, an 
embedded-system card, called RaspberryPi. Alternatively, 
other cards such as BeagleBone may be used. The most 
important feature of these cards is to have an operating system 
(Linux) embedded in them. With this operating system, it is 
possible to run complex programs that microcontrollers can 
not run. In this context, the Python code in RaspberryPi 
responds to requests to connect over IP (clients). After the 
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connection, the Arduino card virtually connected to Raspberry 
Pi reads the sensor values via the serial port and the 
environmental information is sent to the interface. These 
values are plotted in real time on the interface. Hand and 
fingers data from the interface are also sent to Arduino in the 
same way. These are converted to PWM waves for robot hand 
control and are provided for hand movement. In addition, the 
user interface from the camera on the robot hand goes to the 
camera image and the media data read from the sensor. 
Flowchart of the program looks as shown in Figure 1 

 

 
 

Figure 1: Flowchart of the program. 
 

A. Leap Motion 

      Leap Motion is used to transfer live hand movements to the 
computer. Leap Motion is an electronic device marketed by 
Leap Motion company in 2012 to detect movements of the 
hand and fingers, seen in Figure 2. The working principle of 
Leap Motion is based on infrared lights, cameras and optical 
lenses. The light scattered at an angle of 150 degrees on the Y 
axis is returned to the camera and processed. It can measure 
between about 25 cm and 60 cm.  
 

 
  

  
Figure 2: Leap Motion 

 

Leap Motion uses a 3-dimensonal axes. The X and Z axes 
operate in the horizontal plane while the Y axis is in the 
vertical axis. Y axis tells the height of the hand from Leap 
Motion. X axis is the right and left information, and Z axis is 
the distance from the hand to Leap Motion. There are four 
main factors in the operation of Leap Motion device. These 
factors are listed below. 
  
 

  Distance:  millimeters 
  Duration:  microseconds 
  Speed:  millimeters / second 
  Angle:  radian 

 

 The coordinate information must be transferred to the 
computer by a mapping method.  It is necessary to know and 
adjust the angles of field in Leap Motion. The image to be 
captured in this area will take on the shape of an inverted 
pyramid [9]. 
     Developed software can detect hand movements instantly 
by courtesy of the introduced hand patterns. The generic 
functions available for hand movements are found in the Hand 
library. Leap Motion gives us the information of the fingers 
and hand. The system can also detect partially available 
information. 

B. Developed Software in Python 

In this study, the Python language is preferred for the 
program that will run on a Linux computer, RaspberryPi. 
Python is a popular programming language in the world 
because it is easy to use with RaspberryPi. 

C. Developed Software in C# 

The C # programming language is preferred to develop a 
user-friendly interface to run Leap Motion. Main reason for 
the preference of this programming Language is due to its 
useful SDK. Figure 3 show the user interface of the software. 
. 

 
 

Figure 3: User interface of the software. 
 

In order to move the finger of the robot hand, it is first 
necessary to detect and take 
fingers. Leap Motion enables to use the vectors of bones on 
the fingers. According to anatomical research related to bones, 
when the hand is twisted, the twist angle can be measured 
between the proximal and intermediate bones. The vectors of 
these two bells and the angle between them are given in Figure 
4. 
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Figure 4:  
 

The angle is calculated using formula given below. 
 

               (1) 
 

D. Arduino Hardware 

Arduino Hardware Platform is preferred for electronic 
circuit installation in the study. Because Arduino Hardware 
Platform is very useful for rapid prototyping and it is an open 
source platform. Also printed circuit (PCB) design of the 
electronic circuit is realized for comfortable using. This design 
is shown in Figure 5. 

 
 
 

 
 
 
 

 
 
 
 

Figure 5: PCB schematic design of the hardware. 

IV. RESULTS AND DISCUSSION 

One of the most important factors in system operation is 
how long it takes to send the hand movement commands. In 
the experimentation, the Arduino kit receives the data and 
echoes it after turning the servo motor. Then, the program in 
.Net platform sends command, and start a timer and measure 
the time elapsed. Later, the measurement is divided by 2, and 
certainly there exists a delay on virtual transmission line. 
Results of time delay at different experimentations are shown 
in Figure 6. 

 

 
 

Figure 6: Time delay at different experimentations. 

 
As a result of several experimentations, it has been 

observed that the average latency in the local host was 7.7 
miliseconds. The delay in the RaspberryPi has been measured 
as 17.6 miliseconds. It has been determined that the delay in 
the system is mostly caused by the servo motors. 

The implemented system has the possibility to take the data 
in three dimensions. With Leap Motion, hand depth and 
movement information of hand can be taken.  
 

V. CONCLUSION 

On the running system, the user can control the robotic 
hand system via TCP / IP without any glove or sensor from the 
C # interface. Sensor values such as humidity, temperature, 
pressure from the robotic system, and camera images are also 
displayed at the interface. The targeted live imitation has also 
been successful. This will enable the system to be used in 
many areas such as bomb disposal, unmanned exploration, 
surgical operations and so on and also it will open up new 
future developments.  
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Abstract  Underwater acoustic simulations is an important part 
of the underwater acoustic research. Due to the high costs of 
underwater tests and difficult environment, reliable simulation 
methods are required. Ray tracing is one of the alternatives to use 
for underwater high frequency applications. In this work, we have 
simulated the effect of different sound speed profiles (SSPs) on 
underwater localization using the ray tracing method. First, the 
time-of-arrivals (ToAs), i.e. channel taps, are analyzed for a single 
sensor. The results show the fluctuations may differ considerably, 
per SSP. Second, the channel taps are used for the calculation of 
the target position by ToA measurements. The results indicate that 
the estimates become biased according to the SSP and a correction 
in the algorithm is required.  
 

Keywords  Underwater acoustics, sound speed profile, ray 
tracing, time-of-arrival.  
 

I. INTRODUCTION 

ince the underwater environment is not homogeneous as the 
atmosphere and the experiments are costly, numerical 

solvers are invaluable for analyzing and simulating the 
underwater sound propagation. In this way, the errors in the 
system become foreseeable. However, the propagation of sound 
under the water is much complex, since it is affected by many 
environmental parameters such as the bathymetry, sound speed 
profile (SSP) and so on. There is no single numerical method 
which can handle all of these factors perfectly. In fact, the 
numerical solvers focus on some of the parameters and usually 
make simplifications on the others. Thus, there are several 
numerical methods, each having their own set of advantages 
and drawbacks. For example, in shallow waters and at low 
frequencies normal mode models provide consistent results 
with the measurements [1]. However, when the wavelength of 
the received signals are much lower than the depth of the sea, 
the ray tracing method is a better alternative [1][2].  

Underwater localization is an important problem in 
underwater applications. Since electromagnetic waves 
propagate with very high attenuation, acoustic systems are 
widely utilized for underwater localization systems. Based on 
the various measurement types like direction-of-arrival (DoA), 
time-of-arrival (ToA), received signal strength (RSS), time-
difference-of-arrival (TDoA), the location of vehicles can be 
estimated [6][7][8][9][10]. One of the most commonly used 
systems is ToA. It uses multilateration to estimate position and 
requires synchronization of transmitter and receivers. Thus, the 
system is somewhat complex with respect to other approaches. 

But it also provides more accurate results.  
Acoustic underwater localization systems generally use high 

frequencies which provide better resolution for target detection 
and parameter estimation. Thus, the selected numerical method 
must be able to handle high frequencies. Additionally, 
multipath effect is an important phenomenon in underwater 
acoustics. One must be able to obtain and incorporate the 
channel taps in the analysis to design a functioning system. 
Unlike the aerial applications, the speed of sound cannot be 
assumed homogeneous under the water. Sound speed is affected 
by the properties of sea water such as the salinity, temperature 
and pressure. These different properties usually differ with 
depth, causing several horizontal layers of different sound 
speeds to form. Together they are called sound speed profile 
(SSP) [3]. SSP causes the path of the sound to bend along the 
way from the target to the receiver and time-of-travel of the 
signal can deviate dramatically. To analyze time-of-travel, ray 
tracing method is chosen for simulations in this study. Ray 
tracing method also provides the major channel taps between 
the transmitter and the receiver, giving the opportunity to 
incorporate the effects of multipath.  

In this paper, the effect of multipath and SSP are simulated 
using ray tracing. Moreover, these effects are evaluated for the 
performances of systems based on ToA measurements are 
compared for underwater applications. Different channel taps 
are considered for detection and localization purposes.  

 

II. SIMULATIONS 

Due to SSP, the signal paths distort and become curvilinear 
instead of linear. This results in reflections from the water 
surface and bottom. These reflections are the reason of 
multipath. When the SSP is also linear, the path of the sound 
become partial circles. This effect is due to the inhomogeneous 
nature of the sound speed. The sound speed under the water 
tends to be separated as horizontal layers [4]. Because of layers 
having different sound speeds, the sound waves behave as if 
they move through different materials and deviate. Different 
SSPs result in different deviation behaviors. Seven different 

 are considered and they are shown in Fig.1. The 
scenarios are isovelocity, negative and positive gradient 
between 1450-1500 m/s, positive and negative gradient 
between 1500-1550 m/s, and negative and positive gradients 
with a sharper layer at the upper portion.  
 

 

1  

1 , Ankara/Turkey, ahmet.gunes@atilim.edu.tr 

S 

652 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 
Figure 1: Sound speed profiles of different scenarios. 

are referred from left to right as SSP-1, SSP-2, SSP-3 and so on, in 
the text.  

 
The propagation and the paths for SSP-2 at 2000 m is shown 

in Figure 2. The rays bent downwards. The same simulation for 
SSP-3 is shown in Figure 3. The  rays bent upwards in this case. 
Thus, all of the signal energy will not be transferred through a 
single channel but through multiple paths. The number and the 
energy of paths arriving at the receiver end depend on the SSP.  

 

 
Figure 2: Rays at 2000 m distance when positive gradient, SSP-2 

in Fig.1, is used. The red lines indicate the rays which reach at the 
receiver end without a reflection, blue rays indicate the rays with one 

reflection and the rest of rays are indicated with black curves.  
 

 
Figure 3: Rays at 2000 m distance when positive gradient, SSP-3 

in Fig.1, is used.  
 

III. LOCALIZATION TECHNIQUE 

The maximum likelihood (ML) estimation using ToA 
measurements use only one detection. On the other hand, 
several detections are acquired at the sensor side as arrival time 
and amplitude pairs, per simulation step. A selection procedure 
must be set in order to distinguish between the detections. 
Selections can possibly be based on  
 

 Maximum signal strength, i.e. highest amplitude tap 
 Earliest arrival, i.e. the 1st tap 
 Average time 
 Median time 

 
Using one of the above methods the number of utilized 

detections can be reduced to one. In this work, we use the first 
two detection methods: Channel tap with the highest energy and 
channel tap with the shortest arrival time. An example of the 
arrival time, amplitude pairs and 1st tap, maximum tap selection 
is shown in Figure 4 below. At each simulation step these taps 
are calculated using ray tracing and results are calculated 
accordingly.  

 

 
Figure 4: The arrival times and the amplitudes of the channel taps. 
The 1st arrival, having the least arrival time, is shown with a red 
circle. The maximum tap is shown with a green circle. It has the 

maximum amplitude among the channel taps.  
 
There are various algorithms for ToA based localization 

problem [5]. Since the localization algorithm is not the focus of 
this paper, we use an unconstrained, simple approach. The time-
of-arrival at the sensors is a function of both the position of the 
target and the sensors. Thus, the measurement model is  

 

 , (1) 

 

where  and  are the arrival time and the position vector of 

the signal at the th sensor, respectively.  is the position of 

the targets and  is the speed of sound in the medium. The 

ranges from each sensor are calculated from  as  

 

   (2) 

 
In ToA method, the position of the sensor can be estimated 

by the following least squares calculation [5]. Since the depths 
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of the target and sensors are assumed equal and 15 m, a two 
dimensional approach is sufficient.  

 

  (3) 

 
Reorganizing terms yield  

 

   (4) 

 
 If the first sensor is assumed as the origin of the system, then 

 and . And (4) can be simplified 

as  
 

  . (5) 

 
and finally for each sensor we obtain  
 

  . (6) 

 
In simulations, four sensors are used. When (6) is written in 

matrix form for all the sensors it becomes  
 

  (7) 

 
Defining the coefficient matrix as  
 

  (8) 

 
and multiplying both sides of (7) with the pseudo (Moore-
Penrose) inverse of  which is equal to  
 

  (9) 

 
yields the least squares estimates of the position of the target.  

 

IV. SIMULATIONS 

Two different simulations are executed in this work. In all 
simulations the transmitter and the receiver are positioned at 15 
m depth. Scenario I is the calculation of range by the channel 
taps. The taps are calculated between 50-1950 m with 50 m 
steps, and the distribution of expected ranges are drawn in 

figures. Scenario II is based on the estimation of position of the 
target by four sensors. In all scenarios 50 rays are used in ray 
tracing simulations.  
 

Scenario I: 
The results of Scenario I are shown in Figure 5-9. The ranges 

are distributed along the black dashed lines. The red line is the 
mean value of the estimated ranges. The arrival times and the 
ranges are related simply by the sound speed as in (2). 
Naturally, the ranges tend to decrease as the target approaches 
to the sensor. the earliest arrival, i.e. the 
1st channel tap, gives very close results to the real range as seen 
in Figure 5-9. The difference between the measured and the real 
ranges are usually less than 50 m. However, except for the 
results of SSP-1, the ranges tend to deviate significantly from 
the actual ranges. There are also fluctuations at certain ranges. 
This is considered to be the result of bending of the paths. If the 
speed of sound was different these fluctuations would occur 
similarly but at a different distance. Although the first arrivals 
yield similar ranges for SSP-1 to SSP-5, the distribution of 
ranges extracted from channel taps depend heavily on the SSP. 
SSP-6 is expected to provide the worst results as the 1st taps 
have a flat change and sudden drops with range, as seen in 
Figure 10.  

SSP-6 and SSP-7 have a total change of 100 m/s in sound 
speed with a sharp gradient at the top. Thus, these are more 
challenging environments. In Figure 11, the rays for SSP-6 are 
plotted. According to the simulations, when the targets are 
below 150 m depth, they cannot be detected at 2000 m distance. 
Figure 12 indicates that when SSP-7 is in effect, no rays can 
reach the sensor from the target when target is more than 300 m 
away. Hence, ToA localization is not applied on SSP-7 version 
of the scenario II.  

 

 
Figure 5: The real ranges vs ranges calculated using the channel 

taps for SSP-1.   
 

 
Figure 6: The real ranges vs ranges calculated using the channel 
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taps for SSP-2.  
 

 
Figure 7: The real ranges vs ranges calculated using the channel 

taps for SSP-3.   
 

 
Figure 8: The real ranges vs ranges calculated using the channel 

taps for SSP-4.   
 

 
Figure 9: The real ranges vs ranges calculated using the channel 

taps for SSP-5.   
 

 
Figure 10: The real ranges vs ranges calculated using the channel 

taps for SSP-6.  
 

 
Figure 11: The rays for SSP-6.   

 

 
Figure 12: The real ranges vs ranges calculated using the channel 

taps for SSP-7.  
 
Scenario II: 
In Scenario II, there are four sensors, each at the corners of a 

square of 2000 m  2000 m. The target starts the movement at 
coordinates , in the middle of the area. 
Then it moves at a random direction with a speed of 24 kts and 
measurements are received from each sensor every 1 sec. 10 
Monte Carlo runs are executed for each SSP. The setup of the 
scenario is shown in Figure 13. Except SSP-7, all of the SSP  
in Figure 1 are used in this scenario.  

 

 
Figure 13: Localization scenario using four range-only sensors.  

 
From the channel taps, the ranges are calculated according to 

(2). Then the target position is calculated using (7). The ranges 
of the target from different sensors according to the selected 
channel taps and the estimated target position for a single 
simulation step are presented in Figure 14.  
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Figure 14: The ranges from different sensors and the estimated 

position of the target. Red and green curves indicate the ranges from 
sensors when the 1st taps and the maximum taps are used, 

respectively.   
 
The RMS position estimation errors of the results for SSP-1 

to SSP-6 are shown in Figure 15. Since SSP-6 causes very high 
errors, its results are plotted in Figure 16. The results indicate a 
change of error pattern at the 80th step. That is approximately 
the time when the target moves out of the square region between 
the sensors. The change is more significant in 1st taps. Outside 
the square region, both kind of detections yield similar results.  

 

 
Figure 15: RMS errors for position estimates .  

 
As expected, SSP-6 simulation results are worse than the 

others. They are presented in Figure 16, below. A different 
behavior under SSP-6 is the accuracy of the maximum taps. 
They provide twice more accuracy than the 1st taps. Thus, as a 
rule of thumb, in a real system design the maximum taps can be 
a better way to exploit.  
 

 
Figure 16: RMS errors for position estimates for SSP-6.  

 
The estimation errors in all simulations deviate much and 

they do not approach to zero at any time instant. There seems 
to be a systematic error. Therefore, it can be said that ToA 
algorithm yields biased estimates. To overcome this problem, a 
different localization algorithm must be utilized.  

V. CONCLUSION 

In this paper, we analyzed the effect of SSP on underwater 
localization problem. Using the ray tracing method, the channel 
taps are obtained. Channel taps represent the energy carried by 
each underwater path. These taps are used as ToA 
measurements to estimate the  and  coordinates of a target. 
The acquired multipath effects and the results are consistent. 
Therefore, this simulation infrastructure can be considered as 
fit for testing the underwater localization algorithms. However, 
simulations with different bathymetry and sea states can be 
analyzed.  
 ToA seems to make biased estimates for localization. In the 
future, we will focus our effort on designing an unbiased 
estimator for target position.  
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Abstract  Designing and control a robot manipulator with 
great performance is one of the fields of interest in the industry. 
In this paper, a scara robot is dynamically modeled and position 
control with PID controllers is realized. The main aim of this 
study, perform a scara robot position control in 
MATLAB/SimMechanics. Firstly, the computer aided design 
(CAD) model of the system which is built SolidWorks exported to 
MATLAB/SimMechanics environment. Then, applied PID 
controller to the system to ensure position control of joints in 
desired references in MATLAB/Simulink. The simulation 
performed and the results given graphical form to define 
performance of PID controllers.   
 

Keywords  Scara Robot, Modelling, MATLAB/SimMechanics, 
MATLAB/Simulink, PID control.  
 

I. INTRODUCTION 

Scara robot is one of the challenging fields in industrial 

automation systems. Scara robots are generally used in 
positioning and handling devices in industrial applications. 
New technology studies improved the performance of control 
strategy of scara robot which can be used to replace human in 
hazardous, complex and boring tasks. Many researchers focus 
to study the improvement of the robot controller. Because of 
the nonlinearities and complex physical structure, modelling 
and control is a main problem for scara robots. Generally, 
different types of robot controller give different output 
performance of robot movement. Most controllers applied the 
scara robot such as PID, Fuzzy Logic Controller (FLC) and 
also the combination of the three controllers.[1] 

In literature review, different studies are realized about 
scara robots. But the most important and similar studies are 
considered and given in this paper. Dynamic modeling and 
control of Scara type robotic systems is investigated by 

 trajectory control of a Scara type 
robot esign and 
animation of a Scara type robot presents 
position control of a scara robot type 3D printer system that is 
dynamically modeled. The others studied about control and 
modelling of scara robot system [5-10].  

In this paper, a scara robot with three degrees of freedom 
(3+1) modelled and position control with PID controllers. The 
scara robot include three rotational joint and one liner joint 

 

The SolidWorks model [11] of the scara robot show in 
Figure 1. The computer aided design (CAD) model of 
proposed the scara robot is created by using SolidWorks 
program and exported to MATLAB/SimMechanics 
environment with physical parameters. To achieve different 
type modeling technique without mathematical equations, 
used MATLAB and Solidworks programs. Later, for position 
control of the scara robot, four PID (proportional-integral-
derivative) controllers are designed in MATLAB/Simulink.  
The gain of PID controllers determined with trail-error 
methods. Finally, the system simulated and obtained result are 
given graphical form to show performance of controllers.  

 

 
Figure 1: The CAD model of the scara robot 

 

II. MODELLING AND CONTROL OF SYSTEM 

The physical parameters of the scara robot shown in Figure 
2. The scara robot produced by Yamaha in small sizes (tiny) 
are classified according to their maximum arm length. The 
robot (Yamaha YK500XGL-150) has a 150mm arm length. 
The lifting capacity is maximal 1kg. It has been produced in 
order to make fast and precise operations such as marking, 
packing, stacking in serial production. 
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Figure 2: The physical parameters of the scara robot 

  

Figure 3: MATLAB/Simulink model of DC motor [12] 

Table 1: Parameters of DC motor [12] 

 
 

Figure 4: MATLAB/Simulink model of the scara robot control system 

 

Figure 5: MATLAB/SimMechanics model of the scara robot 

Parameters Symbol Value Unit 
Moment of inertia  J 3.2284E-6 kg.m2 

Viscous friction constant b 3.5077E-6 Nms 
Electromotive force constant Ke 0.0274 V/rad/sec 

Motor torque constant Kt 0.0274 Nm/Amp 
Electric resistance R 4 Ohm 
Electric inductance L 2.75E-6 H 
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Figure 6: Working strategy of modelling and control of the system 
 

In Figure 3, shown MATLAB/Simulink model of DC 
motor. The parameters of DC motor given in Table 1. The 
scara robot are built in SolidWorks and exported to 
MATLAB/ SimMechanics environment with physical 
parameters. The PID Controllers are designed in 
MATLAB/Simulink. Later, simulations of system are 
performed in MATLAB/Simulink. The MATLAB/Simulink 
model of the scara robot control system is given in Figure 4. 
Also in Figure 5, shown MATLAB/SimMechanics model of 
the scara robot. Working strategy of modelling and control of 
the system are summarized in Figure 6. 

III. SIMULATIONS RESULTS 

In this system 3 Dc motors are used for rotational motions 
and 1 Dc motor liner motion. All Dc motors are controlled 
using PID controllers which are tuned with MATLAB auto-
tune method. PID controllers gains given in Table 2. 

In simulation, it is defined a marking process as reference 
input for system. 3 rotary and 1 prismatic joints (R1,R2, P1, 
R3) of scara robot are moved according to references inputs.  

 

 

 
Figure 7: Step input response of system

Figure 8: The marking process reference response of system 

Table 2:  PID controllers gains 
 

 Kp Ki Kd N 

PID1 3.35 3.05 0.038 180.4 

PID2 2.16 1.24 0.016 66.1 

PID3 4.24 36.38 0.084 158.7 
PID4 2.68 2.02 0.032 87.2 

Physical Parameters of the Scara Robot 

CAD Modelling in SolidWorks 

Exporting CAD to MATLAB/SimMechanics  

PID Controller Design and Simulations  
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Firstly, to show the performance of the controllers, step 
input reference given the system. Step input response 
demonstrate in Figure 7. As seen from Figure 7, PID 

and examined; position control results of the proposed system 
are presented separately for uncontrolled and controlled in the 
form of graphics.  

The marking process references inputs and movement of 
joints (Realized) shown in Figure 8. As seen from Figure 8 it 
can be said that PID controlled system reached to desired 
position without steady state error. From this result, motion 
control of Scara robot is achieved successfully using auto-
tuned PID controller. 

IV. CONCLUSION 

In this paper, a scara robot is dynamically modeled and 
position control with PID controllers is realized. To obtain 
dynamic model, computer aided design (CAD) model of 
proposed scara robot is built using SolidWorks program and 
exported to MATLAB/SimMechanics software. In this way, 
modelled scara robot without mathematical equations using 
two engineering software. Furthermore mathematical model of 
DC motors used in scara robot system is considered in control 
methodology. Four PID controllers are designed in 

. 
The PID controllers gains tuned with auto-tune method in 
MATLAB. Accuracy of proposed modeling technique is verified 
by simulations. In simulations, the responses to step inputs of 
system are examined and investigated firstly. Later, a marking 
process is designed as a reference input and applied to the scara 
robot. As a result of the paper, proposed modeling approach is 
implemented and the PID controllers are designed and used in 
control methodology successfully. In addition, this study will 
contribute to the work about modeling and control of scara robot. 
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Abstract  This study proposes a diverse method to find 
unidentified parameters of an industrial electrohydraulic 
proportional valve. Electrohydraulic servo-systems are one of the 
most commonly used actuators, and proportional valves exist in 
most hydraulic systems. Nevertheless, without prior knowledge 
on the system, obtaining a precise model of an electrohydraulic 
servo-system for using in simulations can be a challenging task. 
Obtaining a precise model of a system that is not easy to model 
with first principle of physics, can be done in two different way; 
applying system identification methods after gathering 
experimental data, or using data sheets from manufacturers. In 
this paper, 
D1FP proportional valve was obtained by applying an 
optimization algorithm. While constructing the model, the system 
under investigation was separated into two portions: onboard 
electronics and directional valve. Parameters of the system model 
was optimized to match the dynamic characteristics from data 
sheet, which is provided by the manufacturer. Obtained system 
model and responses were graphically illustrated, and 
effectiveness of the proposed method was discussed. 
 

Keywords  Electrohydraulic Servo-Systems, System 
Identification, D1FP Proportional Valve, Parameterization. 

I. INTRODUCTION 

LECTROHYDRAULIC servo-systems are widely used in 
industrial process and engineering applications for 

controlling the force, flow rate and direction, position, speed, 
and acceleration [1]. In order to design a precise controller for 
electrohydraulic servo-systems, a precise model of the system 
must be obtained, to simulate and to test the behavior of the 
controller. In addition, the parameters of the controller can be 
optimized by using this model if necessary. Without a prior 
knowledge on a servo-system, obtaining a precise model can 
be a challenging task. Problems in obtaining a precise model 
of a naturally nonlinear and time-varying dynamics result 
controller design more difficult. In this context, modelling is 
the first and the most significant task in scientific studies. 

Obtaining a precise model of an unknown system can be 
done in two different way; applying system identification 
methods after gathering experimental data, or using data sheets 
from manufacturers if provided. System identification is the 
process of constructing mathematical models of unknown or 

partly known systems from experimental data. Experimental 
data consists of input and output data of the system. Input data 
is the excitation signals, which is used to gather the system 
responses so-called output data. Experimental data can be 
obtained in both, time domain or frequency domain.  

Identification of the fully unknown systems are called black-
box modeling [2]. In the other hand, Grey-box modeling uses 
the experimental data to obtain the unknown parameters of the 
partly known system model [3]. In the literature, there are 
several technics for black-box modeling and identification of 
nonlinear systems, such as Hammerstein and Weiner models , 
NARX models, NARMAX models, wavelet networks, etc. [3
9]. In this paper, parameterization based on optimization 
techniques approach is used to obtain a precise model of a 
proportional valve, as a diverse method. Parker Hannifin 

unknown parameters of the system model [10]. System model 
of the valve divided into two parts; onboard electronics, which 
is modelled as a second order transfer function, and 4-way 
directional valve, which is modelled in Matlab/Simulink by 
using Simscape library. 

The paper presents the study as follows: After this 
introduction, a detailed overview of the valve that is under 
investigation will be given, and the model structure that will 
imitate the actual system behavior will be described. Section 3 
focuses on the parameterization of the valve model. In 
addition, a briefly summary of the applied optimization 
algorithm will be given in this section. In the following 
section, the behavior of the obtained model will be illustrated 
graphically in a comparative way with the actual data. Finally, 
concluding statements will be presented in Section 5. 

II. SPECIFYING THE VALVE MODEL STRUCTURE 

Fig.1 shows the proportional valve that is under 
investigation. The direct operated control valve D1FP of the 
nominal size NG06 (CETOP 03) shows extremely high 
dynamics combined with maximum flow [10]. The specific 
reason for the selection of this valve is that it is being used in a 
different research of the authors. Schematic representation of 
the valve with the separated parts is shown in Fig.3.  

Obtaining Dynamic Characteristics of 
Electrohydraulic Servo-systems: Case-Study 

of Parker D1FP Proportional Valve 
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Figure 1. Parker Hannifin Corp. D1FP proportional valve. 

 
In the literature, commonly, the onboard electronics 

dynamic is theoretically represented by an equivalent second 
order transfer function [1]. Thus, a second order lag is used to 
construct model structure of the onboard electronics, as in (1). 
 

 (1) 

 

where is the undamped frequency and  is the damping 

coefficient.  and are gain and time constant, respectively. 

After specifying the model structures for the onboard 
electronics, these unknown parameters needs to be estimated. 
Subsequently, a model structure for the 4-way directional 
valve, a schematic representation shown in Fig.2, is 
determined as in (2). 
 

 (2) 

 
Figure 2. Structural configuration of a typical 4-way directional valve 

 
Figure 3. Schematic representation of the valve. 4-Way directional 
valve is marked with red rectangle, and onboard electronics marked 

with green rectangle. 
 

where and  are flow rate through the orifice and flow 

discharge coefficient, respectively. , , and  are 

orifice area, maximum orifice area, orifice opening and 

maximum orifice opening, respectively. Finally, , and  

are pressure differential across the orifice, initial opening and 
spool displacement, respectively. 

Determined model structures will be used to represent the 
proportional valve system behavior. Therefore, unknown 
parameters of the models must be obtained. This can be done 
by using system identification technics. In this context, 
unknown parameters are optimized until the simulation results 
reflect the characteris  

In this study, Matlab/Simulink libraries were used to 
represent system model structure in two different parts. In the 
Simulink environment, physical components can be modelled 
by using a built-in add-on Simscape. Reader can refer to [11] 
for a detailed information about Simscape. Next section 
describes the optimization method that is used to estimate 
model parameters and the Simscape blocks that are used to 
reflect the system behavior. 

III. CONSTRUCTING THE SIMULINK-BASED MODEL AND THE 

OPTIMIZATION METHOD 

In order to estimate unknown parameters of the constructed 
model structures, an optimization algorithm is applied based 
on the manufacturer data sheet. This section constructed in two 
part to describe the identification procedures. First part 
consists Simulink-based modeling and second part describes 
application of the optimization method. 

A. System Modeling in Simscape 

Simscape provides a very powerful tool for modeling 
hydraulic components, which are reflecting all the essential 
characteristics. In Simulink environment, Proportional and 
Servo-Valve Actuator block and 4-Way Directional Valve 
block, which are shown in Fig.4, are used to represent the 
valve dynamic behaviors.  
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Figure 4. Constructed D1FP proportional valve structural model in 

Simulink environment 

 
Each block in Fig.4 is characterized by a set of parameters. 

These parameters specify the model behavior. The 
Proportional and Servo-Valve Actuator block represents an 
electromagnetic actuator that is used in proportional and servo-
valves to drive a spool or other working member. The block is 
intended to work with one of the directional valve models to 
form a desirable configuration of a proportional or servo-
valve. The block diagram of the model is shown in Fig.5. 
Proportional and Servo-Valve Actuator block consists of three 
parameters, which are Gain, Time Constant and Saturation. 
These values need to be tuned to capture the real system 
characteristics that are provided by manufacturer data sheet. 

 

 
Figure 5. The block diagram of the Proportional and Servo-Valve 

Actuator model. 

 
The 4-Way Directional Valve block represents a directional 

control valve with four ports and flow paths. The block 
diagram of the model is shown in Fig.6. Physical signal port S 
controls the spool displacement. The spool displacement acts 
indirectly by setting the spool position relative to each flow 
path a length known here as the orifice opening. The orifice 
opening in turn determines the opening area of the respective 
flow path. 

 

 
Figure 6. Valve Structural Diagram 

The model parameterization setting determines the 
calculations used for the opening areas of the flow paths. The 
calculations are based on orifice parameters or tabulated data 
sets specified in the model parameterization tab, which is 
shown in Fig.7. 
 

 
Figure 7. 4-Way Directional Valve block parameters settings. 

 
Opening vector and Opening area vector values specify the 

opening area at discrete orifice openings as a 1-D lookup table. 
The opening area is computed for a given orifice opening by 
interpolation or extrapolation of the tabulated data.  

Model parameters are determined using an optimization 
procedure in which the required characteristics for the flow 
rate and frequency response, are compared to the simulation 
results, and parameter values are optimized to minimize the 
difference between real data and simulation data. Required 
characteristics are delivered from manufacturer data sheet. 

B. Optimization Procedure  

Initially, 4-way directional valve parameters are optimized. 
In order to apply optimization, a test model is built as seen in 
Fig 8, which includes 
data sheet. As given in data sheet [10], the flow rates shown in 
Fig.9 are measured in the external valve loop with a pressure 
drop of 35 bar maintained on each metering path. This 
characteristic will be used to optimize the 4-way directional 
valve parameters. The objective function for the optimization 
of the 4-way directional valve parameters is defined as in (3). 

 (3) 

where  and  are measured flow rate and required flow 

rate, respectively.  is the weight multipliers. The variable 

parameters vector in (3) consists of 21 parameters. The orifice 
is specified with 21 displacement-area pairs distributed evenly 
along the spool valve stroke. During optimization, 21 orifice 
area values must be determined that provide simulation results 
as close as possible to the data sheet characteristic. 
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Figure 8. The test model for the determining parameter values for a 

4-way directional valve 

 
Figure 9. Manufacturer specification for flow rate vs. command 

signal. 

 
Due to the highly nonlinearity of electrohydraulic systems, 

the frequency characteristics depend on controller 
performance, fluid properties, and other factors. Thus, to 
obtain parameter values for Proportional and Servo-Valve 
Actuator model, all of these parameters must be reflected in 
the model and all characteristics must be considered 
simultaneously. Theoretically, frequency characteristics are 
defined for linear systems only. Therefore, the system model 
must be either linearized to make it suitable for linear system 
analysis, or the characteristics must be determined by 
comparing input and output signals at a set of sinusoidal inputs 
of different frequencies. The linearization of hydraulic systems 
is not an easy task since substantially nonlinear elements such 
as saturation and dead zone are present in practically all 
elements, including the valve actuator. 

In our case, the Proportional and Servo-Valve Actuator 
model is parameterized based on frequency response 
characteristics at 90% of the input signal whose maximum 
value is 10 V as shown in Fig.10. The reason for using 90% 
rated input is that the valve under investigation is the type E01, 
and its spool opening starts at point 23% rated input. In order 
to obtain Proportional and Servo-Valve Actuator parameters, 
an objective function for the optimization is defined as in (4). 

 

 (4) 

 

 
Figure 10.  Frequency response characteristics of proportional valve 

at 5% and 90% of the input signal. 

 

where  and  are measured frequency value and required 

frequency value, respectively.  is the weight multipliers. 

The variable parameters vector in this (4) consists of 3 
parameters, which are Gain, Time Constant and Saturation. In 
order to apply optimization, a test model is built as seen in Fig 
11. 
 

 
Figure 11. The test model for the determining parameter values for a 

Proportional and Servo-Valve Actuator. 
 

Test models and objective functions, which are defined 
above, implemented in Matlab and Simulink environment. 
Subsequently, unknown parameters of the test models are 
optimized until the required characteristics matched to the real 
data. 

IV. OPTIMIZATION RESULTS AND SIMULINK-BASED MODEL 

RESPONSES 

The problem that is defined previous section can be solved 
with different optimization algorithms. In this study, Matlab 
Optimization Toolbox that is a built-in tool in Matlab, was 
used to solve the problem to an efficient but basic practice. 
Various optimization algorithm functions such as fminunc, 
fmincon, genetic algorithm, particle swarm algorithm, etc., are 
contained within this toolbox. Reader can refer to [12] for 
more information about this toolbox.  

To solve the optimization problem of the 4-way directional 
valve model , fminunc function was used, which uses the 
BFGS Quasi-Newton method with a cubic line search 
procedure [13]. 
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Figure 12. Flow characteristic of the valve: (top) before optimization; 

(bottom) after optimization 

Table 1: Optimization output of the 4-way directional valve 
parameters. 

Iteration Func-count Objective Function Value 

0 21 1.12E+04 
1 63 8.05E+01 
2 84 1.08E+00 
3 105 1.61E-02 
4 126 7.99E-05 
5 147 6.38E-08 

6 168 1.27E-10 
 

Flow rate characteristic of the valve model with the initial 
parameters and the optimized parameters are shown in Fig.12. 
The command signal that is increases 0% to 100% in 10 s, was 
achieved by the Signal Builder block in the model shown in 
Fig.8. The optimization was significantly fast, that is solved 
the problem in 7 steps and 168 function assessments. 
Optimization output is given in Table.1. As seen in the Fig.12, 
the parameter values that is obtained from the optimization are 
matched the model output to the real characteristics from the 
data sheet. 

To solve the optimization problem of the Proportional and 
Servo-Valve Actuator model, fmincon function is used, which 
uses Interior-Point Optimization algorithm [14]. Phase 
frequency response characteristic of the Proportional and 
Servo-Valve Actuator model with the initial parameters and 
the optimized parameters are shown in Fig.13. The excitation 
signal used to collect the phase frequency response of the 
model was achieved by a Matlab function called 
frest.Sinestream, which is a series of sine waves signals. The 
optimization problem for the valve model is solved in 18 steps 
and 8 function assessments.  

 
Figure 13. Phase characteristic of the Proportional and Servo-Valve 

model at 90% rated input. (left) before optimization; (right) after 
optimization. 

Table 2: Optimization output of the Proportional and Servo-Valve 
parameters. 

Iteration Func-count Objective Function Value 

0 4 4,21E+03 
1 12 3,25E+03 
2 17 3,19E+03 
3 21 2,74E+03 
4 25 9,02E+02 
5 29 8,43E+02 
6 33 1,12E+01 

   

18 81 5,27E+00 
 
Optimization output is given in Table.2. Phase shift at 135 

Hz and 90% rated input is found as -95.8796% with and error -
6.5329%. As seen in the Fig.13, the phase frequency response 
of the model that is obtained after optimization are matched to 
the real characteristics from the data sheet with an acceptable 
error.  

V. CONCLUSION 

Unknown systems can be identified with system 
identification techniques. Obtaining a precise model of a non-
linear system can be a challenging task. In this study, an 
industrial electrohydraulic proportional directional valve 
parameters were obtained by applying optimization 
techniques. Objective functions are given for the valve to 
match the dynamic characteristics of the valve with 
constructed model.  

The proposed method for system modeling that is simplistic, 
swift but valid, is a diverse approach based on gray-box 
modeling. In a short period, a linearized model of the valve 
can be constructed with an acceptable error, which can be used 
in the simulations to investigate system behavior in a fast and 
reliable way.   
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Abstract - Many problems have been a popular field for many 

years to search for solutions by imitating nature. Research that 
resembles nature is called biomimetic and these applications can 
be performed in many different fields. Robots have been 
developed and researched for centuries, and nowadays they are 
stepping into our daily lives. Today, when robot applications are 
examined, many features transferred to robots are imitated from 
nature. Biomimetic robots whose actuation mechanism, 
adaptation, motions balance, behaviors or communication with 
each other are designed by mimicking animals, are investigated 
by engineers. Many studies of biomimetic robotics field  and we 
decided to design and produce a new biomimetic robot structure. 
Our aim in this work is to design a robot insect inspired by the 
camouflage and movement characteristics of the leaf insect. 
Chebyshev mechanism was used for mechanical design of the 
robot insect. Although there are a number of problems arising 
from the implementation of the mechanism used, the robot has 
been observed to walk. 
 

Keywords - Biomimetic robotic, Chebyshev mechanisms, 
Camouflage, Insect, Mobile robots. 

I. INTRODUCTION 

obots have been researched and developed for centuries, 
and they have been used many different areas to help 

people. The study of designs that imitate nature has gained 
popularity today [1].  
 

When starting to design something, we can often get 
inspiration from others. Unique design in nature has always 
been inspiration to human beings. Many names have been 
given to solve problems by using nature, such as biomimicry, 
biomimetic, bionic, biodesign, biomorphic, bioutilisation, 
biophilia and bioderivation [2]. Among them, biomimetic is an 
approach that aims to produce sustainable and innovative 
solutions by imitating models and strategies that have been 
tested in the nature and successful with time. The goal of the 
biomimetic is to produce products and processes that can be 
adaptable to nature long term. Designs based in the nature are 
needed to be used in fields such as nanotechnology, robot 
technology, artificial intelligence, medical industry and 
military hardware. 

 
Frosch and Gallapoulos introduced biomimicry using 

special concept of resembling ecosystems by creating a 

balance between nature and mankind [3]. Benyus describes 
biomimic science as combining sustainable solutions based on 
an ecological criterion and innovation with research and 
industry development. Benyus stated that nature as mentor, 
criterion and model would be very important to appreciate the 
applicability of biomimicry [4]. 

 
When the literature is examined, various studies conducted 

by imitating nature are encountered. Inspired by the fore claws 
 ability to cut 

and dig soil, Chang et.al designed a biomimetic stubble cutter 
to reduce the cutting resistance [5]. Ho et.al designed and 
manufactured prototype of a small quadruped robot whose 
walking motion is realized by two piezocomposite actuators 
and legs is inspired by the leg configuration of insects, two 
joints (hip and knee) of the leg enable two basic motions, 
lifting and stepping [6]. In study of Koju et. al [7], biomimetic 
coating process is performed to develop for coating various 
orthopedic implant surfaces. The study of Sheikhpour et. al 
demonstrates the advantages of   biomimetic nanocomposite 
drug delivery systems [8].  Robotic fish inspired by the 
freshwater stingray was developed and tested in investigation 
of Wang et. al  [9].  Franz and Mallot reviewed biomimetic 
robotic system inspired by biological navigation behaviors 
[10]. A walking mobile robot was designed and produced by 

in study of 
Manickavelan et. al [11].  

 
Biomimetic robots studies which are based on locomotion 

mechanism, motions, behaviors, or communication modes by 
mimicking animals are presented so far.  

 

  
Figure 1:Camouflaged leaf insect [12] 

 

Our aim is to imitate the leaf insects inspired by the 
camouflage and movement characteristics (see figure 1). Leaf 
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insect contains the extant true leaf insects or walking leaves, 
which include some of the most remarkably camouflaged leaf 
mimics in the entire animal world.  

II. MATERIALS AND METHODS 

Our goal in this work is to design a robot insect inspired by 
the camouflage and movement characteristics of the leaf 
insect. The basic block diagram showing the phases of the 
study is shown in figure 2. 

 
Figure 2: The basic block diagram of the study 

A. Mechanical Design of Our Robot Insect 

 

Before starting the design phase, we investigated the other 
study using biomimetic robotic approach. Chebyshev's straight 
line mechanism was previously used for locomotion 
mechanism of a walking machine [11]. When we examined 
the designed robot mechanisms, we decided that Chebyshev 
mechanisms was the most appropriate mechanism for our 
design. 

 

 
Figure 3: Basic representation of Chebyshev's Straight Line 

Mechanism 
 

This mechanism was invented by Russian mathematician 
Pafnuty Chebyshev. It is also known as a special four-bar 

linkage. The movement of the machine is similar to the walk 
of many creatures such as insects, bears, rabbits, and, 
sometimes, humans. It -
circular pattern and, as expected, look like an animal walking. 
Besides, this mechanism was continuously used for linear 
guidance of the piston and valves [11].  

 
d=radius of driving arm =20 mm 
Length of guiding arm(BO4)=2.5*d=50mm  
Length of big arm(AR)=2*2.5d=100 mm 
0.5*distance of big arm(AB) 
Distance between driving arm and the guiding arm in the 

body (O2O4) = 2d=40 mm 
 

  (1) 
             (2) 

 
Elimination of  is possible by firstly squaring equations (1), 
(2) and summing these equations. The equations are converted 
to equation (3) including one unknown variable . 

 

 (3) 
 
The equation is solved by conversion. 
 

 

 

 

 

 
 

 
There is a phase difference of 180 degrees between the two 

rotation points. It is shown the coordinate position's (4, 5) 
formulation of four bar link mechanism. 
 

   (4) 
    (5) 

 

B. CURA software and Simulation in SolidWorks  

 
In accordance with Chebyshev mechanisms, the parts were 

designed in SolidWorks.  For the robot insect, a chassis where 
the motor and electronic cards will be placed, legs and pins 
suitable for the mechanism are drawn in the appropriate scale 
and the design is completed by using Solidworks. After 
designing of all parts, they are converted to STL file type to 
print these parts in Ultimaker 3D printer. Then, all files are 
inserted into slicing software CURA of the printer as shown in 
figure 4.   

 
After the completion of the drawing of all parts, the 

assembly and simulation process were performed in 
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SolidWorks. It was observed that the designed robot insect 
moves in the desired way. This stage is observed in figure 5. 

 
 

Figure 4: STL files in CURA software 
 

 

 
 

Figure 5. Assembly and motion simulation of robot parts in 
SolidWorks 

 

C. Printing the parts in Ultimaker 3D Printer 

 
After the simulation has been carried out successfully, the 

stage of printing of the design parts has been passed. An 
Ultimaker 3D Printer and green PLA filament was used to 
print the parts. Using capability of CURA software, all parts 
are printed in high density option. Figure 6 shows printing 
process of the parts.  

 

 
 

Figure 6: Ultimaker 3D printer  
 
 

D. Motor Control and Electrical Design 

 
In the motor control phase of the design, 1 Arduino Nano, 2 

micro DC motors, 2 BJT transistors, 2 diodes (1N4007) are 
used. The Arduino code written in this purpose is shown in 
figure7. 
 

The code for the motor control is set so that the travel speed 
of the path followed by the leg is V on the upper part of the 
trajectory and 2V on the lower part of the trajectory. The 
movement of the path followed by the legs and the velocities 
in the upper and lower regions are shown in Figure 8. 

 
 

 

 
Figure 7: Arduino Code written for motor control 

 

 
 

Figure 8: Path tracing of the legs 

E. Assembly and Realization 

After printing the mechanical parts using the 3D printer and 
writing the necessary code for the motor control, the printed 
parts were assembled and passed to the execution stage of the 
robot insect.  
 

Firstly, the body and legs, which were printed using the 3D 
printer, were joined together with the help of pins and hot 
silicon printed by the same method (see figure 9). After the 
assembly process of mechanical parts is completed, DC motor, 
circuit board and Arduino were fixed to the body of the robot 
by injecting hot silicone and the design was completed. The 
combined of mechanical and electronic parts are shown in 
figure 10. 
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Figure 9: The combined mechanical parts 
 

 
 

Figure 10: Assembly of mechanical and electronic parts of insect 
robot 

 

III. RESULTS AND DISCUSSION 

When the literature was examined, various studies 
conducted by imitating nature were encountered. A different 
biomimetic structure was designed using known locomotion 
mechanism. Our aim is to design a robot insect inspired by the 
camouflage and movement characteristics of the leaf insect.  
 

Chebyshev mechanism was used for motion of walking 
legs. Mechanical design was performed in the SolidWorks. 
Furthermore, Ultimaker 3D Printer and green PLA filament 
was used to print the parts. Arduino Nano was used for the 
motor control phase of the design.  
 

Mechanical and electrical designs were completed and then 
the printed parts were assembled. The final insect robot was 
tested to observe walking ability. Although there are a number 
of problems arising from the implementation of the 
mechanism used, motor control and incompatibility with the 
pin dimensions of space left for the pins in the printed parts, 
the robot has been observed to walk. 

 
 

 
 

Figure 11:Robot insect with camouflage leaves 
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Abstract  The Object of this article, articulates on the digital 

simulation of the collapses of the storage silos of the wheat of 
30000 ton capacity situated in the bearing of Bejaia               
(Algeria). The led study is divided into two left, the first part 
consists of the experimental study and the second is dedicated to 
the digital simulation of the collapses by means of tools digital 
technology (PLAXIS). In the first part, a series of measures of the 
collapses of silos made on the ground of setting-up(presence) of 
the work, these measures are raised(found) according to every 
mode(fashion) of load restarted on four ( 04 ) phases of load of a 
total duration of 131 days. In the second part a digital simulation 
is realized by means of PLAXIS simulation computing. 
 
Keywords  Digital simulation, collapses, silos, PLAXIS  

I. INTRODUCTION 

All the grounds deform under the loads which are 
applied to them, with amplitudes which can go of 
some millimeters a few meters away. The forecast 
of these movements is realized by making of digital 
simulation computer, on the behavior of the grounds 
of foundations (boxes) before and after load of silos. 
The disorders of geotechnical origin allocating the 
works foundations of buildings, are frequently owed 
to the bad gratitude of grounds to Reduce these 
disorders requires that we are capable: 
- To model numerically the heterogeneousness, by 
taking into account the spatial variation of the 
physical and mechanical properties which control 
the answer of the works,  

A. First part ( experimental study)  

All the grain silos, has a 30000 ton storage 
capacity, distributed on 16 (drum kits) of 04 silos 
each. The skeleton of silos consists of ferrules and 
metallic reinforcements, silos rest(base) on concrete 
boxes equipped 2 
(fig01). The load of the silo is made from cereal 
growers (grain ships), whose unloading is assured 

by 02 porticoes (on rails) platform) of a 200 ton / 
hour debit (flow). The handling of cereal up to the 
silo is made through 02 carrier's ways with channel 
of unitarian flows of 200 tons / hour supported by 
metallic footbridges arranged in continuity up to 
storage silos including the tower of handling and 
weighing realized in metallic skeleton. [1] 

 

TABLE1 
 CHARACTERISTICS OF THE PROJECT OF (FIG 01) 

Storage capacity  30000 tons 

Footprint  1300m2 

Number of silos  64 

Capacity of a silo  468,7 ton 

 
 
Size of a silo  

Diameters     8,143 m 

cylindrical height 12,186m 

height upper cone 2,350 m 

total height 14,36m 

 
 

. 

 

 

 

 

 

 

 

 

 

Fig. 1  
Overview of the project 

B.  Local geology 
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The development of the harbour zone inner 
harbour it is made for the mouth of the oued 
Soummam and lands were gained won on the sea. 
As a result the studied zone is constituted by more 
or less organic fine materials, sand, silt, clays and 
muds, deposited on a rather deep rocky substratum, 

 

 

Fig. 2 Location of the project  

 

C.  Results of the tries made on the ground  

 

The LTP is of Constantine [2] to make two 
soundings, muddied to know the geologic nature of 
the trainings establishing the ground of basis and a 
sampling for tries of laboratory. The visual 
description of samples taken by every sounding 
allowed us to establish lithologiques cuttings 
represented by the table II. 

 

TABLE I1 
RESULTS OF THE NICKED SOUNDING 

Nicked 
sounding 

 
 

 
 

 
 

 
 

 

Rocky sand-colored 
elevation and 

blackish schists 

 
muddy Sand 

 
 

 
Elevations. 

Organic 
Silt 

muddy 
Sand 

For the results of Eleven (11) tries of 
re statics made, the speed of 

homogeneous on all the depth and the moderate 
sharp resistances characterize a ground of bad 
portance. The minimal value of the moderate sharp 
resistance ( Rp) is low and of average value of 8 
bars; according to the classification of G Filliat, it is 
about trainings of muddy nature, peat or about soft 
clay [ 1 ]. The maximal resistances of Rp for depths 

 

D.  Program and mode(fashion) of load of silos 

 
The objective pursued by this program of first 

harbour load of silos realized within the bearing of 
Bejaia is to verify if the reception conditions of the 
work are combined. Considering the compressible 
nature of the grounds of foundation and the 
importance of operating expenses represented by 
the weight of cereal to be ensiled, it is 
recommended to proceed to this load in several 
phases (to avoid loading brutally the ground of 
foundation). Each of these phases will have to be 
the object of a control from statements 

 the points place on the corner of to 
cross off. The reference point must be fixed, 
protected well and taken away enough (30 in 40m) 
from boxes not to be disrupted(perturbed) by the 
movements of the ground further to the load [2]. 

 
The filling of silos up to 30000 tons, for this load 

will be made in three (03) phases:  
-1st phase it is the load of silos in     (7500 

tons) 
-2end phase it is the load of silos in 50 % ( ).    

(1500 tons). 
-3rd it is the load of the 100% silos (total load). 

(30000 tons). 
During a phase of load, the order of filling of silos 
numbered from 1 to 4 for each of 16 boxes will be 
in accordance with the fig 03, The mode of load it 
will make it Z. Inside boxes; we load silo1 then the 
silo 4, then the silo 2, then the silo 3 .une time the 
first ensiled box ( C13), we pass in the second who 
correspond to C1, then the third which is C16 and 

finally the fourth ( C4), what is going to train(form) 
the first one Z. The second Z will form inside 
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 1  

C13 
C9 C5 C1 

C14 
C10 C6 

C2 

C15 

C11 C7 C3 

C16 C12 C8 C4 

3 

2 4 

TABLE II1I 
STAGES OF LOAD AND THE QUANTITIES ENSILED FOR THE 1ST PHASE  

     Box 
silos 

1st   Z 2nd Z 3th Z  4thZ 

13 1 16 4 9 5 12 8 14 15 2 3 10 6 11 7 
1 1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 
4 2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 
2 3 7 11 15 19 23 27 31 35 39 43 47 51 55 59 63 
3 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 

Ensiled qty 
Accumulated 

( t ) 

 
7500 

 
Duration (d) 33 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Fig. 3 Representation of the mode loads (silos boxes) [1]  
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E. Program and mode of load of silos 

 
The CTC IS made the topo-metrique follow-up 

of the collapses, after every phase of load. The 
measures are made with fixed marks .Four spicy 
are made: 

 
Vacuous silo in (0 days), and which we take as 
reference for the measures of the collapses. 

Silo loaded in 25 % in 34 days compared with the 
vacuous measures. 

 
Silo loaded in 50 % in 89 days compared with the 
vacuous measures. 

 
Silo loaded to 100% (fully) in 131 days 
compared with the vacuous measures. The 
experimental results of these statements, for all 
the boxes, are represented in the table VI: 

 

TABLE VI 
THE EXPERIMENTAL RESULTS OF THE COLLAPSES, RAISED FOR ALL THE BOXES [2] 

Durations 

(Days) 

H (mm) 

Box 1 Box 2 Box 3 Box 4 Box 5 Box 6 Box 7 Box 8 

0 0 0 0 0 0 0 0 0 

34 -0.87 0.12 0.12 1.25 0 0 -0.37 -0.37 

89 -6.62 -4.75 -4.75 -6.25 -6.85 -6.85 -5.75 -5.75 

131 -13.4 -10.4 -10.4 -11.75 -10.57 -10.57 -8 -8 

Durations 

(Days) 

H (mm) 

Box 9 Box 10 Box 11 Box 12 Box 13 Box 14 Box 15 Box 16 

0 0 0 0 0 0 0 0 0 

34 -1.25 -0.62 0.25 -2.62 -1.12 -0.5 -0.5 -2 

89 -3 -3.87 -3.62 -7.25 -3 -3.12 -3 -1.25 

131 -11 -7.37 -7 -9 -7.25 -5.87 -6.5 -5.87 

 
 

II. SECOND PART (DIGITAL SIMULATION OF THE COLLAPSES) 

A.  PLAXIS simulations 

 
A digital study is realized by means of the 

PLAXIS for a box constitute of four silos, this 
study restarted as follows [1]: 

1) Delimitation of the domain of the 
work: depth of 40m (bed rock) and of 
100m of length and the introduction of  

the mechanical parameters of the 
ground   ( oed  (fig04). 
 

2) Applications of the load of 0,89bars 
(fig 05).  

3)  Meshing. 
4) Representation of the effective 

constraints (fig 06): 
5) Calculation of the deformed speed of 

the collapse (fig 07). 
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Fig. 4 Delimitation of the domain of the work  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 meshing of the domain of work 
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Fig. 6 Effective constraints Results 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 7 calculation of the deformed collapse speed
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B. Results of the simulation  

The result of the simulation applied for a single 
box gives a maximal collapse of 23,89cm, this 
result will be compared with the collapse 

estimated has 25,6cm has a constraint of 0,89 
bars, which corresponds to the decent of load 

 
 

C. Conclusion 

 
The collapses calculated (in theory) and those 

given by the software get closer, and the margin 
of error is of the order of the tenth of centimeter. 
We can thus conclude that from it the simulation 
made for a single box is close to the reality. 

  

III. CONCLUSIONS 

 
The ground deforms in a way more at least 

uniform, with the exception of some zones where 
there were disturbances (light uprisings), and it 
can be due to several causes such as the 
arrangement of the measuring device              
(very sensitive to the vibratory movements).     
The reaction of the ground of basis shows itself 
more important from the point of view variation 
of the curves of levels during the first phase of 
load, these curves spread out more and more 
during the second phase with more important 
values (until 8mm), and they affect a limit of 
18mm when silos are loaded in full capacity.  
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Abstract - Energy and energy conservation are vital issues for all 
countries of the world. Because of this reason, making more 
efficient energy use and energy production from using low-grade 
waste heat sources are significant. The Organic Rankine Cycle, 
which uses an organic fluid instead of water as a working fluid, is 
a power generation cycle. The working principal of an organic 
Rankine cycle is similar to the common vapor Rankine cycle. In 
this study, the energy and exergy analysis of organic Rankine 
cycle is performed for different dry working fluids which are 
R600a, R600, R245fa, R123 and R113. The organic Rankine 
cycle's performance parameters are evaluated depending on 
varied evaporation temperatures and the inlet temperatures of 
the waste hot fluid. Results show that the best performance 
results are obtained for R600a considering the thermal efficiency, 
exergy efficiency, net power and lower total irreversibility at the 
evaluations of both the increment of the evaporation temperature 
and the increment of the inlet temperature of waste hot fluid. 

 
 
Keywords - Energy, exergy, organic Rankine cycle, working fluid 

 
 

I. INTRODUCTION 

OWADAYS, energy has become a major issue in ensuring 
that countries provide a competitive advantage. The 
technological innovations, increasing the permeability of 

international borders, capital mobility and development of 
communication cause increasing the amount and speed of 
energy use. For this reason, energy saving and making more 
efficient use of energy is a vital matter for the world 
development due to many environmental impacts and energy 
shortage. In recent years, the global warming has compelled 
the energy planners to develop a new energy conversion 
technology which produces electricity without causing 
environmental pollution. 

One of the most important ways to transform on large scale 
thermal energy into power is the vapor Rankine cycle. Water 
is used as a working fluid in this cycle. There are several 
advantages for water using as working fluid. These are very 
good thermal/chemical stability; owing to very low viscosity, 
less pumping work required; owing to high latent and specific 
heat, good energy carrier; non-toxic; non-flammable and no 
threat to the environment and cheap and abundant [1]. 
However, many problems are encountered when using water 
as a working fluid: need of superheating to prevent 

condensation during expansion, risk of erosion of turbine 
blades, excess pressure in the evaporator, complex and 
expensive turbines [2]. Because of these reasons, water is used 
in high temperature applications and large centralized systems. 
An organic or non-conventional working fluid, which has 
higher molecular mass and lower ebullition/critical 
temperature than water, is more suitable in small and medium 
scale power plants and low temperature applications. This 

 
The organic Rankine cycle (ORC) is established for 

converting heat to electricity. The most important feature of an 
ORC is its capability of utilization of various kinds of low-
grade heat sources for power generation [3]. Owing to its low 
operating temperature, an organic Rankine cycle can suitably 
recover heat from various sources. Useable heat resources in 
ORC are solar energy, geothermal energy, biomass products, 
surface seawater and waste heat from various thermal 
processes. 

An ORC has several advantages over conventional vapor 
power plant: less heat is needed during the evaporation 
process; the evaporation process takes place at lower pressure 
and temperature; the expansion process ends in the vapor 
region and hence the superheating is not required and the risk 
of blades erosion is avoided; the smaller temperature 
difference between evaporation and condensation also means 
that the pressure drop/ratio will be much smaller and thus 
simple single stage turbines can be used [1]. 

The challenges, when ORC is used in a process, are of low 
thermal efficiency, limited ways to improve the work output, 
selection of working fluids matching to available heat source 
and sink temperatures and their effects on environment [3]. 
The performance of an ORC system is strongly related to the 
working fluid. The working fluid determines thermal 
efficiency, safety, stability, environmental impact and 
economic profitability of the system in an ORC. In recent 
years, working fluid selection for ORC has drawn significant 
attention. Different performance evaluation criteria lead to 
different optimum working fluids. For this reason, a 
reasonable evaluation criterion is the key issue for working 
fluid selection.  

Many studies on ORC have been presented in the literature. 
For example, Liu et al. [4] used total heat-recovery efficiency 
and heat availability instead of thermal efficiency as the 
evaluation criteria to optimize the working fluid and operating 
conditions for organic rankine cycle. Chen et al. [5] compared 
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the system performance between a supercritical Rankine cycle 
using CO2 as working fluid and a subcritical ORC using R123 
as working fluid. Kanoglu and Bolatturk [6] assessed the 
thermodynamic performance of the Reno (Nevada, USA) 
binary plant. This plant uses geothermal fluid at 158 oC and 
isobutane as working fluid. Roy et al. [3] analyzed non-
regenerative organic Rankine cycle, based on the parametric 
optimization, using R-12, R-123, R-134a and R-717 as 
working fluids superheated at constant pressure. Gao et al. [7] 
analyzed the performance of supercritical ORC driven by 
exhaust heat using 18 organic working fluids. Wang et al. [8] 
analyzed a double Organic Rankine Cycle for discontinuous 
waste heat recovery. Wang et al. [9] optimized the working 
fluid and parameters of ORC system with simulated annealing 
algorithm. They compared results for 13 working fluids. 
Kaska [10] analyzed a waste heat driven organic Rankine 
cycle and assessed performance of the cycle and pinpoint sites 
of primary exergy destruction using actual plant data. Imran et 
al. [11] assessed the economic assessment of greenhouse gas 
(GHG) reduction through waste heat recovery using organic 
Rankine cycle (ORC). Zhu et al. [12] assessed the 
performances of ORC under saturated expansion using organic 
dry and isentropic fluids, and under superheated expansions 
using organic wet fluids.  

The brief review above shows that the types of working 
fluids have a significant influence on the performance of 
ORC. In this paper, with the light of studies in literature, the 
energy and exergy analysis of subcritical organic Rankine 
cycle is performed for different dry working fluids which are 
R600a, R600, R245fa, R123 and R113. The organic Rankine 
cycle's performance parameters are evaluated depending on 
varied evaporation temperatures and the inlet temperatures of 
the waste hot fluid. The exergy efficiency, thermal efficiency, 
the total-heat-recovery efficiency, the irreversibility rate, the 
net power, the evaporation pressure, the outlet temperature of 
waste hot fluid or the evaporation temperature are calculated 
with the various evaporation temperatures and the inlet 
temperatures of the waste hot fluid. Results from the analyses 
show that both evaporation temperature and the inlet 
temperature of hot fluid have significant effect on the 
performance parameters of an ORC. Also the R600a working 
fluid produces higher thermal efficiency, exergy efficiency, 
net power and lower total irreversibility rate under accepted 
conditions in compared with other working fluid. 

II. MATERIAL AND METHOD 

A. Basic Organic Rankine Cycle 

The schematic diagram of a simple ORC system is shown in 
Figure 1. It includes four components: evaporator, expander, 
condenser and pump. An ORC is composed of four phases: 
1-2: Pressure increase in the condensate in the feed pump from 

pressure p1 to p2. 
2-3: Isobaric heating, evaporation and overheating of the 

working medium in the evaporator at pressure p2 = p3. 
3-4: Expansion of the vapor working medium in an expansion 

machine (e.g. a turbine) from pressure p3 to p4. 

4-1: Isobaric heat release, complete condensation and possible 
under-cooling of the working medium in the condenser at 
pressure p4= p1. 

 
 

Figure 1: Schematic diagram of organic Rankine cycle 
 

based on their slope of saturation vapor curves in T s diagram. 
The fluids having positive slope are dry fluids (ds/dT > 0). The 
fluids having negative slope are wet fluids (ds/dT < 0). The 
fluids having nearly infinitely large slopes are isentropic fluids 
(ds/dT=0). 

In this study, R600a, R600, R245fa, R123 and R113 dry 
fluids are selected as the working fluids. Table 1 shows the 
thermo-physical properties of the selected fluids. It can be 
seen from Table 1 that R600a has the lowest value of critical 
temperature. It is followed by R600, R245fa, R123 and R113 
respectively. 
 

Table 1: Thermo-physical properties of the selected fluids [13] 
 

Parameters R600a R600 R245fa R123 R113 

Molecular mass 
(g/mol) 

58,12 58,12 134,05 152,93 187,38 

Maximum 
temperature (K) 

575,00 575,00 440,00 600,00 525,00 

Maximum 
pressure (MPa) 

35,00 12,00 200,00 76,00 200,00 

Critical point 
temperature (K) 

407,70 425,00 427,01 456,70 487,10 

Critical point 
pressure (MPa) 

3,63 3,80 3,65 3,66 3,39 

Critical point 
density (kg/m3) 

225,50 228,00 519,43 550,00 560,00 

Boiling point 
temperature (oC) 

-11,68 -0,5273 15,18 27,78 47,59 

 
 

A. System Description and Modeling 

The analysis of an ORC based on thermodynamic laws and 
the energy, exergy analyses were performed for the working 
fluids investigated. For simplicity, the following assumption 
were made: 

 All processes are operating at steady state. 
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  The thermal and friction losses in the pipes are 
negligible. 

 The kinetic and potential energy changes are negligible. 
 Pressure drops of working fluid in the evaporator and 

condenser is neglected.  
 There are only two pressures: an evaporating pressure pe 

and a condensing pressure pc. 
 The inlet temperature of hot waste fluid in evaporator is 

130 oC. 
 The isentropic efficiency of turbine and the pump are 

0.80. 
 Atmospheric condition is taken as 100 kPa and 293.15 

K. 
 The mass flow rate  and the specific heat capacity of the 

waste hot fluid are 1 kg/s and 1 kJ/kgK respectively. 
 The minimum temperature difference in the evaporator 

is 5 K. 
 The cooling medium temperature  is 293.15 K. 
For any steady state control volume, by neglecting the 

potential and kinetic energy changes, general expression of 
mass, energy and exergy balance equations is that: 

 
Mass balance equation:               (1) 
 

Energy balance equation:                   (2) 
 

              (3) 
 
Exergy balance equation:  
 

              (4) 
 

Where for a steady-state system,  is zero.      
 

                (5) 
 

              (6) 
 
where, subscripts in and out represent the inlet and exit states, 

 is heat input,  is work input,  is exergy rate and  is the 
irreversibility rate.  
 
Process 1-2 (pump):  
The isentropic efficiency:        (7) 

 

The pump power:     =     (8) 

 
The irreversibility of the pump:    
 

               (9) 

 
Process 2-3 (evaporator):  
During the above heat exchange, the temperature of hot fluid 
decreases from  to . The specific heat capacity  of the 

hot fluid at constant pressure is assumed to be constant.  

 
The evaporator heat rate:    
 

           (10) 

 

                  (11) 

 
The irreversibility of the evaporator:     
 

          (12) 

 
Process 3-4 (expander):  
The isentropic efficiency:        (13) 
 
The expander power:       
 

=        (14) 

 
The irreversibility of the turbine:     
 

            (15) 

 
Process 4-1 (condenser):  

The condenser heat rate:             (16) 

 
The irreversibility of the condenser:      
 

          (17) 

 

The net power output:             (18) 

 
The thermal efficiency ( ) of the ORC is the ratio of the net 
power output to the heat input. It can be expressed as:    
 

              (19) 

 
The exergy destruction rate of ORC:    
 

          (20) 

 
The exergy efficiency of ORC:     
 

            (21) 

 
The total heat-recovery efficiency, defined as the ratio of net 
power to the available energy in ideal case [14]:   
 

           (22) 
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III. RESULTS AND DISCUSSION 

A. The Analysis of Various Evaporation Temperatures 

The evaparation temperature and the inlet temperature of 
hot fluid effect the performance analysis of an organic 
Rankine cyle. Therefore, we focused on two variables in this 
study. Firstly, the evaporation temperature was increased from 
70 oC (333.15 K) to 110 oC (378.15 K) with a 5 oC and then 
the exergy efficiency, thermal efficiency, the total-heat-
recovery efficiency, the irreversibility rate, the net power, the 
outlet temperature of waste hot fluid and the evaporation 
pressure were calculated for the various evaporation 
temperatures. The inlet temperature of the waste hot fluid was 
130 oC (403.15 K). It was assumed that the condensation 
pressure and temperature is constant at 100 kPa and 293.15 K. 

According to the analysis, the thermal efficiency, the outlet 
temperature of waste hot fluid and the evaporation pressure 
increase when the evaporation temperature increases for the 
R600a working fluid. Nevertheless, the total heat-recovery 
efficiency, the total cycle the irreversibility rate, the net power 
decrease with the evaporation temperature. The exergy 
efficiency is parabolic-like function with evaporation 
temperature. 

 

 
Figure 2: Comparison of the net power   

 
When compared the net power of the working fluids, 

according to Figure 2 for all of the working fluids, the net 
power increases before and then decreases with the increase of 
the evaporation temperature. In addition, the highest net power 
is obtained for the R600a working fluid with 10,52 kW. This is 
followed by R600, R245fa, R123 and R113 respectively. 

Results from Figure 3 show that total irreversibility rate or 
exergy destruction decreases with evaporation temperature. 
The minimum total irreversibility rate is obtained for the 
R600a working fluid. Also, it is calculated in analysis that the 
components with greater exergy destructions to lower one are  
evaporator, expander, condenser and pump.  

 
 

 
 

Figure 3: Comparison of the irreversibility rate 
 

According to Figure 4, when the evaporation temperature 
increases in the analysis of ORC, the outlet temperature of hot 
fluid increases dramatically for all of the working fluids. 
Otherwise the lowest values are calculated for the R600a 
working fluid. In other words, the R600a organic fluid benefits 
from the heat of the waste hot fluid to use in the evaporator. 

 

 
Figure 4: Comparison of the outlet temperature of hot fluid 

 
 

 
Figure 5: Comparison of the evaporation pressure 

 
According to the results of calculations, Figure 5 shows that 
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the evaporation temperature has important effect on the 
evaporation pressure which increase with evaporation 
temperature. In addition, the increase of evaporation pressure 
effects the energy and exergy efficiency of ORC. It can be 
seen that from Figure 6, the highest evaporation pressure value 
are calculated for R600 a working fluid which followed by 
R600, R245fa, R123 and R113. 

Figure 6 and Figure 7 show the comparison of the exergy 
efficiency and thermal efficiency for organic working fluids. 
The working fluids with greater both exergy efficiency and 
thermal efficiency to lower one are R600a, R600, R245fa, 
R123 and R113. When the thermal efficiency is evaluated with 
the net power (Fig.3), the thermal efficiency increases with the 
increment of the net power however the net power decreases, 
the thermal efficiency still increases which shows that the 
effect of the increase of evaporation temperature on the 
decrease of the heat absorbed by the working fluid (Qev) is 
greater than on the decrease of the net power (Wnet).   
 
 

 
 

Figure 6: Comparison of the exergy efficiency 
 

 
Figure 7: Comparison of the thermal efficiency 

 

The total heat-recovery efficiency which has the same trend 
with the net power is calculated in its higher value for R600a 
working fluid as shown in Figure 8. As Equation (22), Figure 
4 and Figure 8 are commented together, it can be seen that the 
increase of the outlet temperature of the hot fluid is more 

effective than the increase of the thermal efficiency on the 
total heat-recovery efficiency.  

 

 
 

Figure 8: Comparison of the total heat-recovery efficiency 
 

B. The Analysis of Various Inlet Temperatures of Hot Fluid 

After the evaporation temperature has been examined, the 
effect of the various inlet temperatures of hot fluid on the 
performance of an ORC is evaluated in this section. The 
evaporation temperature was assumed to be 70 oC (353.15 K). 
The outlet temperature of the hot fluid was increased from 100 
oC (373.15 K) to 140 oC (413.15 K) with a 5 oC and then the 
exergy efficiency, the total-heat-recovery efficiency, the 
irreversibility rate, the net power and the outlet temperature of 
waste hot fluid were calculated for the various inlet 
temperatures. It was assumed that the condensation pressure 
and temperature is constant at 100 kPa and 293.15 K.  

According to the analysis, the thermal efficiency and the 
evaporation pressure did not change with the inlet temperature 
of hot fluid. In addition, the exergy efficiency, the outlet 
temperature of waste hot fluid and the evaporation pressure 
decrease when the inlet temperature of hot fluid increases for 
all of the working fluids. On the other hand, the total heat-
recovery efficiency, the total cycle the irreversibility rate, the 
net power increase with the inlet temperature of hot fluid.  

 

 
Figure 9: Comparison of the net power   

 
According to Figure 9 for all of the working fluids, the net 
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power increases with the increment of the inlet temperature of 
hot fluid. In addition, the maximum net power is obtained in 
140 oC for the R600a working fluid with 12,27 kW. This is 
followed by R600, R245fa, R123 and R113 respectively. 

 

 
Figure 10: Comparison of the total irreversibility rate 

 
Results from Figure 10 show that total irreversibility rate or 

exergy destruction increases with the inlet temperature of the 
hot fluid. The minimum total irreversibility rate is calculated 
for the R600a working fluid. The value of the total exergy 
destruction is calculated as be 0,46 kW and 4,45 kW at the 
inlet temperature of hot fluid 100 oC and 140 oC respectively. 

 

 
Figure 11: Comparison of the outlet temperature of hot fluid      

 
As compared the outlet temperature of hot fluid for the 

working fluids, when the inlet temperature of hot fluid 
increases in the analysis of ORC, the outlet temperature of hot 
fluid decreases significantly for all of the working fluids as 
shown in Figure 11. Otherwise the lowest values of the outlet 
temperature of working fluid are calculated for the R600a 
working fluid. In other words, the R600a organic fluid benefits 
more from the heat of the waste hot fluid to use in the 
evaporator. 

 
 

Figure 12: Comparison of the exergy efficiency 
 
According to Figure 12, the exergy efficiency reduces with 

the growth of the outlet temperature of hot fluid. When the 
equation (21) and Figure 12 are commented, it can be shown 
that the effect of the inlet heat in evaporator on the exergy 
efficiency is greater than the effect of the increment of the net 
power on the exergy efficiency. In addition, the highest exergy 
efficiency is calculated as be 21,18% at the inlet temperature 
of 100 oC for the R600a. 

 

 
Figure 13: Comparison of the total heat-recovery efficiency 

 
The total heat-recovery efficiency which increases with the 

growth of the outlet temperature of hot fluid, is calculated in 
its the maximum value for R600a working fluid as shown in 
Figure 13. As Equation (22) and Figure13 are commented 
together, it can be said that the increase of the inlet 
temperature of the hot fluid is effective on the total-heat 
recovery efficiency because of the stability of the thermal 
efficiency.  

 

IV. CONCLUSION 

The selection of working fluids according to appropriate 
evaporation temperature and the inlet temperature of the hot 
fluid have a significant influence on the performance of an 
ORC. The working fluid of an ORC determines thermal 
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efficiency, safety, stability, environmental impact and 
economic profitability of the system. So, in this paper, an 
ORC with the subcritical and saturated expansion is analysed 
based on thermodynamic theory. The results obtained from the 
calculations are compared for five types of working fluids 
which are R600a, R600, R245fa, R123 and R113. According 
to analysis, the best performance parameters are calculated for 
the R600a working fluid considering the thermal efficiency, 
exergy efficiency, net power and lower total irreversibility at 
the evaluations of both the increment of the evaporation 
temperature and the increment of the inlet temperature of 
waste hot fluid.  

NOMENCLATURE 

ORC organic Rankine cycle 
h specific enthalpy, kj/kg 
s specific entropy, kJ/kgK 

 mass flow rate, kg/s  

 Energy, kW 

 Exergy, kW 

 Heat rate, kW 

 Power, kW 

 Irreversibility, kW 
T Temperature, K 
TL The low temperature of cold source, K 

 Temperature differential, K 
 Efficiency 

Subscripts 
c condenser 
cycle cycle 
e evaporator 
exe exergetic 
hf hot fluid 
net net 
p pump 
pp pinch point 
o ambient 
s isentropic case 
t turbine 
e evaporator 
wf working fluid 
th thermal 
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Abstract  Gripping technology has a wide scope of research in 
recent years. Various objects have different structural and 
geometrical features. Handling process requires the consideration 
of geometrical or constructional properties. Gripping operation is 
used for handling of macro, micro, soft, solid and non-uniform 
objects. Thus, in gripper design, gripping force, aperture and 
mechanism dimensions are significant parameters. This paper 
presents a novel approach to gripping mechanization by using 
geometrical advantage of spherical mechanism. Spherical 
mechanisms are more compact and supply higher capacity of 3D 
object dimensions. This study is also considered to a design of 
multifunctional gripper by handling various shaped sensitive 
objects.  

 
Keywords  Spherical mechanism, gripping, handling, 

manipulation, robotics.  
 

I. INTRODUCTION 

 Rapidly emerging robotic technology brings comfort, 
accuracy, saving of time and higher welfare for people. In 
robotic technology, one of the vital field is end effectors. The 
end effectors execute objective function of the robots. As an 
end effector, grippers are generally used by a robotic arm to 
perform manipulation for a task; grasping for assembly, 
handling for translation etc. Therefore grippers are the 
interactive parts of robots.  
 Gripper technology is one of the most significant field of 
research nowadays. There are several application areas such as 
food, textile, manufacturing and micro-materials handling for 
grippers. Researchers have been scrutinizing micro-grippers, 
soft grippers, noncontact grippers, finger-type grippers and 
industrial grippers.  
 Most of the work pieces used in industry are cylindrical 
shaped materials. Quasi-parallel grippers for the concentric 
handling of cylindrical work pieces were studied [1]. The jaws 
of gripper were specially designed as profiles mimicking the 
Greek letter v . The basic equations of the special profiles 
were given with an analysis of the geometrical parameters 
which adjust the jaw dimensions. An algorithm were improved 
to determine jaw design parameters according to the 
geometrical analysis. Therefore an optimal jaw profile were 
improved for work pieces and gripper mechanism dimensions 
as in figure 1. The effectiveness of the technique were tested in 
an exemplary computer outputs. 

 
Figure 1: Four-Bar Gripper Mechanism and Jaws for two different 

cases. 

 
Gripper mechanisms are generally designed as four-bar 

mechanisms. An evolutionary multi criteria design 
optimization of robot grippers were executed in [2]
techniques were used to determine optimal geometrical 
dimensions of a robot gripper as shown in figure 2.  The aim 
of the study was to determine Pareto optimal front for an 
optimization problem with five objective functions, nine 
constraints and seven variables. Multi-objective Genetic 
Algorithm (MOGA), Elitist Non-dominated Sorting Genetic 
Algorithm (NSGA-II) and Multi-Objective Differential 
Evolution (MODE) were used to solve the problem. For the 
best optimal solution from Pareto optimal front, normalized 
weighting objective functions method were used. The strength 
of the Pareto fronts were measured with using solution spread 
measure and ratio of non-dominated individuals. The Pareto 
optimal front results obtained from various methods are 
compared and analyzed.  

 
Figure 2: The scheme of robot gripper mechanism. 
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Gripping mechanisms are commonly used as two-finger and 
rarely three finger in literature. An analysis of mechanisms in 
two-finger grippers has been discussed to formulate an 
optimum design procedure in [3]. In this study, eight steps of 
design procedure were proposed. Grasping index, 
encumbrance of grasping mechanism, acceleration and 
velocity for finger gripper with respect to the imposed working 
area were determined as objective functions of multi-objective 
optimum algorithm. An 8R2P linkage for two-finger gripper 
mechanism were proposed as in figure 3. Numerical examples 
were tested. The results of algorithm were evaluated. 

 

 
Figure 3: A kinematic scheme of two-finger gripper mechanism.. 

 
Gripping or grasping process is also a matter of robotic 

hands. Multi-fingered robotic prosthesis hand was modeled in 
[4]. The under-actuated finger as in figure 4 has the closest 
characteristics to the biological structure of human hand 
capabilities. The finger was evaluated as cheaper, lighter and 
more easily controllable. The kinematic and kinetic analysis of 
the under-actuated finger were performed. Actuation stability 
were examined in this study. Optimization of mechanism was 
offered for feature studies. Cutkosky classification compatible 
actuation models were applied to the robotic hand model. The 
object actuation capabilities were defined. 

 

 
Figure 4: Under-actuated finger mechanism [5]. 

 
Compliant mechanisms have recently become very assertive 

about gripping processes due to the lightness, economy, less 
wear, quiet operation, ease of production and assembly. An 
adaptive industrial robotic gripper was designed and analyzed 
using compliant mechanism in [6]. The aim of the study was to 
design a gripper that can grasp objects of any size, shape and 
various position and orientation within pre-defined limit. 

Firstly, the design criteria, constraints and actuation 
mechanism were determined. Various geometrical models 
were generated in a CAD (computer-aided-design) program as 
in the figure 5. Nonlinear deformation analysis of fingers were 
performed using ANSYS. Finally, a two dimensional 
analytical model of the determined gripper topology was 
obtained and deformation equations were solved by using 
numerical methods for the comparison with the ANSYS 
results. 

 
Figure 5: Geometrical models for compliant gripping mechanism. 

 
Micro-grippers are also recently very popular field of 

gripper researches. A novel 3-DOF micro gripper driven by  
Linear Ultrasonic Motors (LUMs), with nanometer positional 
accuracy and an operational space in the millimeter scale is 
proposed in [7]. In this work, a two-finger gripper based on 
chopstick-like structure is presented as in figure 6. Based on 
spatial parallel mechanism with spherical joints, as one of the 
fingers was stationary, the other was mobile. The maximum 
displacement of fingertip was calculated. The mechanism was 
tested to grip a single shrimp embryo to demonstrate 
successful performance of gripper.  

 

 
Figure 6: a) Kinematic model b) Structure diagram of spatial 

micro-gripper mechanism. 
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Grippers are usually designed for a specific task in 
industrial applications. Therefore, each task requires a new 
gripper or a counterpart. In industrial applications, stored tools 
in magazine can be changed as the task finished. The tool 
magazine and changing increases cost of the operations. For 
the solution of this problem, a variable-aperture, cost-effective 
gripper, capable of adapting its aperture to different handling 
demands as shown in figure 7, without affecting the working-
cycle time of production system was proposed in [8]. Two 
solution were proposed. An electrically-actuated mechanism 
regulated the aperture of gripper for flexibility of gripper. A 
pneumatically-actuated mechanism to achieve high 
performance in open/close operations. Simulations and 
preliminary tests have shown that this type of design can be a 
solution for flexibility in robotized work cells without 
increasing the cycle time. 

 

 
Figure 7: a) Flexible mechanism CAD model b) Flexible mechanism 

scheme. 

 
In gripper design, optimization is an inevitable process. A 

generic approach to optimize the design of a parameterized 
robot gripper including both selected gripper mechanism 
parameters, and parameters of the finger geometry were 
suggested in [9] with six gripper quality indices that indicated 
different aspects of the performance of a gripper given a CAD 
model of an object and a task description. These quality 
indices were guided to understand task-specific finger designs 
based on dynamic simulation. The gripper optimization were 
demonstrated on a parallel finger type gripper defined by 
twelve parameters as shown in figure 8. Downhill Simplex 
method was used to solve optimization problem. A 
parameterization of the grasping task and context, which is 
fundamental as an input to the computation of gripper 
performance were presented. Important aspects of the indices 
were exemplified. A qualitative evaluation of the obtained 
results based on existing design guidelines and engineering 
experiences was provided. In figure 8, quality indices were 
shown on an octagonal shape with colored lines. The best 
performance was valued with 1. The colors showed grasping 
position are red, blue and yellow grasping from all directions, 
from top, from side respectively. 

 
Figure 8: a) Standard b) with chamfering c) with prismatic cutout 

d) with chamfering and cutout e) thin f) fat gripper fingers. 

 
Meso-grippers are the mesoscopic scale grippers between 

macro and micro grippers. Kinematic analysis and dimensional 
synthesis of a Meso-Gripper was proposed in [10]. In the 
study, two modes of operation were examined; passive 
adjusting mode and angled gripping mode. The modes were 
analyzed and dual functional mechanism was proposed. A 
geometric constraint method was illustrated to facilitate task-
based dimensional synthesis. Kinematics of mechanism was 
investigated according to stiffness and layout. Consequently, a 
3D printed prototype was successfully tested and two gripping 
modes were verified. 

 

 
Figure 9: a) Meso-gripper CAD model in open fingers form b) 

angled form c) closed form d) Meso- gripper linkage scheme. 
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Robotic gripper design problem consist of two stages; 
modelling and optimizing stages. Modelling stage has three 
steps as geometric, kinematic and dynamic modelling. 
Modelling and design optimization of a robot gripper 
mechanism was proposed in  [11]. The aim was to conduct a 
detailed study of the gripper in order to provide an in-depth 
step-by-step demonstration of the design process and to 
illustrate the interactions among its steps. First, geometric 
model of gripper mechanism in the figure 10 was generated for 
interaction of coordinates. Second, kinematic model was 
extracted in the form of Jacobean matrix. Finally, dynamic 
model was obtained using Lagrange formulation. These 
models were used to formulize multi-objective optimization 
problem for a configuration of mechanism. The objective was 
to determine the optimum force extracted by the robot gripper 
on the surface of a grasped rigid object under geometrical and 
functional constraints. The optimization problem of the gripper 
design was solved using a non-dominated sorting genetic 
algorithm version II (NSGA-II). The Pareto-optimal solutions 
were investigated to establish some meaningful relationships 
between the objective functions and variable values. Finally, 
design sensitivity analysis was executed to compute the 
sensitivity of objective functions with respect to design 
variables. 

 
Figure 10: Gripper mechanism scheme and parameters for 

optimization. 

 
In this study, we propose a new perspective for gripping 

mechanisms by using of a four-bar spherical mechanism. 
Spherical mechanisms are the mechanisms whose joints axis 
are intersected in the center of a unit sphere where the joints 
move. In spherical mechanism, dimension of links are 
measured by the angle between joint axes coincided in the 
center of unit sphere. This characteristic of spherical 
mechanism supply an advantage of compactness and high 
capacity of 3D working space. The mechanism can be 
designed in small dimensions to provide the desired motion for 
tasks in big dimensions.  

II. SPHERICAL MECHANISM 

A link of mechanism is resembled as a line segment in 
planar mechanism. Similarly, a link of spherical mechanism is 
symbolized with a great circle arc on a unit sphere. A great 
circle is the intersection of unit sphere and the plane, which 
can freely rotate about the center of the unit sphere.  A four-
bar spherical mechanism is shown in figure11. The point C is 

the coupler point which is used for task performing. Ao and Bo 
are the fixed joints. A, B are the moving joints of the spherical 
mechanism. Mechanism links are measured by the subtended 
central angles a1, a2, a3, a4 respectively. The angles 2, 4 are 
the input and output angles of drive link and driven link. 

 

 
Figure 11. Spherical four-bar mechanism [12]. 

 
Spherical  gripping mechanism consists of three spherical 

four-bar mechanisms acting independently. For simplicity of 
demonstration, a two-fingered spherical mechanism scheme is 
shown in the figure 12. The dashed line is the coupler curve 
which is required to track all three coupler points in the end-
effectors for performing grasp successfully. For the grasping 
operation in planar mechanism, the end-effector need to trace a 
line likewise, in the spherical mechanism, the end-effector 
(coupler point ) have to chase a great circle arc which 
is counterpart of line in the planar mechanism. For tracing a 
great circle arc in spherical mechanism, the coupler point have 
to be in the supreme condition of ball and burmester ponits. 
Ball and burmester points are the special condition of 
mechanisms which trace the optimum path.  

 

 
Figure 12: A scheme for spherical gripping mechanism. 
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III. CONCLUSION 

Three finger spherical mechanisms is proposed for gripping 
operation. This mechanism can provide large workspace due 
to geometrical structure. High capability of grasping for 
various shaped work pieces can be obtained by using 
independent spherical mechanism fingers. Grasping operation 
can also be performed more successfully and stably due to 
three fingers of the mechanism.  

The mechanism can be modeled and optimized for gripping 
process in the future work. For this operation, grasping force, 
end-effector path, location of fixed joints and dimensions of 
mechanism links have to be optimized.  
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Abstract - Estimation of the load carrying capacity of the 
adhesively bonded structures is the main challenge in the bonded 
constructions and structures prior to the manufacturing stage. 
Particularly, the adhesive joints in the railway and automotive 
industry increasingly becoming the most popular joining method 
recently. In order to make an accurate prediction of the load 
carrying capacity of an adhesive joint, modern fracture mechanic 
approaches are employed using the finite element method, in the 
scope of the study. In this regard, metallic substrates were 
considered to simulate structural steels having different rupture 
strengths. FE models of the adhesive joints were created for a 
variety of the different joint configurations. Finally, three design 
parameters; overlap length-to-thickness ratio (L/t), adhesive-to-

a y) and joint strength-to-adherend 
yt) were proposed for an optimum adhesive joint 

design. 
Keywords - Fracture mechanics, adhesive joint, FE method, 

structural steel 

I. INTRODUCTION 

dhesive bonding techniques have been utilized in industry 
to join a great variety of components ranging in scale 

from very small electronic parts to large assemblies. Adhesive 
bonding has received an expanding interest in many industries, 
e.g. aerospace, automotive, composite materials, electronics, 
and railway vehicles, as an alternative to traditional joining 
methods such as welding, riveting, screwing, etc. The strength 
evaluation and failure analysis of adhesively bonded joints in 
various applications are important topics. Accordingly, great 
efforts have been made in finding the influences of material 
and geometrical parameters on the load carrying capacity of 
adhesive bonding structures, so as to design optimal structures 
with proper adhesives for practical requirements in 
engineering. Fracture mechanics is a common and essential 
tool for understanding and predicting the failure of machine 
components. For many years, researchers have been focusing 
on the durability of materials; the main approach for this is to 
identify when failure will occur. This mainly concerns 
nucleation and propagation of cracks in a body. The external 
load applied on the material could cause a crack to initiate, or 
could cause the growth of an already existing crack and the 
presence of a crack could lead to rupture when the crack 
propagates directly through the body. To predict the strength 
of the adhesive bonding and where fracture will occur, the 
continuum damage mechanics or fracture mechanics is 
employed. In recent years, more attention has been paid on the 
fracture mechanic approach since simulation of crack initiation 

and propagation is out of the scope of the classical continuum 
damage mechanics. Moreover, the cohesive zone model 
approach is increasingly becoming the most popular field in 
predicting the failure phenomena in adhesive bonding 
structures. 

II. MATERIAL AND GEOMETRY DESCRIPTION 

Both material behavior and single lap joint configuration 
has a significant influence on the estimation of failure load and 
simulating crack propagation. Many analytical continuum 
failure predictions assume elastic adhesive and adherend 
material response and nearly ignores nonlinear geometrical 
stiffness variation due to the eccentricity of loading path. For a 
better evaluation of damage occurrence and progressive failure 
concept, both material response and nonlinear geometrical 
effects should be precisely introduced in the failure analysis. 
Therefore, the joint geometry and material model of individual 
components of single lap joint would be described in the 
upcoming section. 

Single lap joint geometry which exhibits over a range of 
usage area and popularity among the researchers was selected 
to be joint geometry. Joint geometry model was designed in 

t Method 
for Apparent Shear Strength of Single-Lap-Joint Adhesively 
Bonded Metal Specimens by Tension Loading) and thickness 
of the adherent is controlled to be in the range of 0.1mm and 
0.15 mm and width of the joint is 25mm as stated in the 
standard. 

In order to capture the effect of elastic-plasticity of 
adherend material, a nonlinear material model is employed 
with isotropic hardening. In the study, the most common type 
of structural steels with low carbon content and high ductility 
is selected as the adherend material. The metallic adherends 
are modeled as elastic-plastic solids, with their true stress-
strain curves using power hardening laws. 

 

 
(1) 

    
Where E is  modulus, n is the strain hardening 

y is the yield strength. For the present model, 
the metallic adherends are assumed to be the S235 structural 
mild steel with a minimum yield stress of 235MPa and 
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ning exponent  

fracture elongation of 25% and ultimate tensile strength of 
400MPa, is evaluated approximately 0.1 using the Eq. 1. 
Three different structural sheets of steel, namely S255, S275 
and S355 for the parametric study are implemented. Each has 
the minimum yield stress of 255, 275 and 355 N/mm2, 

modulus, strain hardening exponent) are kept constant for each 
of the corresponded structural steel. 

In this study, the most commonly implemented epoxy 
adhesives are employed for the progressive damage analysis. 
Thus, there would be an analytical expression in order to 
describe stress-strain relations of an epoxy adhesive. For this 
reason, two different formulations to construct a stress-strain 
curve of both ductile and brittle behavior are to be created. For 
instance, most of the soft (ductile) epoxy adhesives exhibit 
highly nonlinear trend up to tensile strength then nearly behave 
like a perfectly plastic material. Under these circumstances, 
following equation would be sufficient to construct a stress-
strain curve of soft epoxy adhesives. 

 
    (2) 

 

u is the adhesive tensile strength, Ea is the adhesive 

a is the strain value at a point on the 
stress-strain curve. 

Most of the structural epoxy adhesives have the tensile 

and 1 to 8GPa, respectively. Therefore, these intervals are 
considered once the constructing stress-strain diagrams of bulk 
epoxy adhesives. 

The numerical model was constructed as a 2-D plane strain 
problem since there is a linear proportionality between the 
joint strength and width of the joint. The steel adherends were 
modeled with a 4-node bilinear plane strain quadrilateral 
(CPE4) elements having a linear shape function and an 
integration point at each face. CPE4 element is also available 
in ABAQUS version 6.13, and compatible with non-linear 
material model and large displacement (non-linear geometry) 
option. In a similar way, the adhesive layer in the numerical 
model is replaced by a zero thickness cohesive layer. 
Thickness dependence cohesive parameters are employed to 
cohesive layer for precise representation of adhesive layer. 
The cohesive layer was constructed with a 4-node two-
dimensional cohesive element (COH2D4) corresponding to 
bilinear traction-separation behavior. Both of the CPE4 and 
COH2D4 elements have three degrees of freedom at each node 
(translation in x, y, and rotation about the z-axis). 

A. Numerical Solution Algorithm 

In fact, there are three groups of parameters affecting the 
failure load of the single lap joints; which are material 
properties of the adherend y, n), geometry parameters (L, 

0 c). 
The joint is loaded in the uni-axial direction with the 
increasing displacement. When an element at the cohesive 
zone reaches the critical separation stren c either in 
shear or normal direction, the damage initiates according to 
aforementioned failure criteria. Then stiffness degradation 
occurs based on a dimensionless damage variable D as 
described in Eq. 3 as a function of separation displacements 
using linear softening model. 

 
(3) 

Where D(k) 

c f are the critical 
displacement at damage initiation and separation displacement 
at the complete failure, respectively. The stiffnesses of the 
cohesive zone model as a function of this damage variable at 
kth step are calculated in Eq. 3. 

 

 
(4) 

During the softening process, the values of E and G are 
incrementally decreased based on the Eq. 4 up to the final 
failure. The damage evaluation of an element in the cohesive 
zone is assessed regarding energy criterion introduced in the 
previous section. When the energy criterion is satisfied then 
corresponded element completely fails and removed from the 
cohesive layer. The basic numerical algorithm of progressive 
failure model is presented in Fig. 1. 

 

Fig. 1: A simple flowchart representing the progressive failure 
model of the cohesive layer for FE analysis.
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Fig. 2: The distribution of errors reference to experimental data for every single lap joint configuration. 

 
B. Validation of numerical model 

To understand the deviation of numerical failure loads from 
the experimental data, a step plot was constructed as shown in 
Fig. 2 which represents the ratio of predicted and experimental 
failure load (Fn/Fex) at each joint configurations. The green line 
representing the equality of predicted and experimental failure 
loads (Fn/Fex=1) is chosen as a baseline to indicate the amount 
of error. It was found out that the errors for each configuration 
remain in the range of +18% and -15 % as illustrated in Fig. 2, 
with an average value of 11 percent error corresponding to 
Fn/Fex=1.11, which are within the acceptable limits. 

Table 1: Cohesive zone material parameters of bulk adhesives 
for the numerical analysis. 

 Veropal 

HE-20 

Carboresin 

Initial normal stiffness, Kn 6445 N/mm3 13745 N/mm3 

Initial shear stiffness, Ks 2405 N/mm3 5370 N/mm3 

n 1.68 N/mm 0.86 N/mm 

s  3.37 N/mm 1.42 N/mm 

Nor n  28.6 MPa 17.7 MPa 

s 16.5 MPa 10.2 MPa 

 0.34 0.28 

 

I. RESULTS AND DISCUSSION 

Following normalized design parameters are considered for 
a general adhesive joint design methodology; 

 Based on the results presented in this chapter, the 
geometry parameters L and t have a great effect on the failure 
concept of bonded structures. Both of them increases the joint 
strength up to a certain point (saturation limit). For this reason, 

the ratio L/t is selected to be a critical geometric parameter.  
 Secondly, the material properties of both adhesive and 

adherend material are the other vital factor. Because both of 
them have a positive impact on failure load. However, there is 
usually a restriction of using high strength adherend and 
adhesive material. They should be somehow optimized to meet 
required strength in the joining process. It is anticipated that 
only one normalized material parameter can be derived. The 

a y can be chosen as material dependent design 
parameter (see Fig. 3).  

 Basically, the ratio of the joint failure load (F) in unit 
width and the tensile strength of the adherend material can be a 

yt) exhibits the joint 
efficiency, approximately neglecting the rotation (bending 
effect). 

II. CONCLUSION 

employed to investigate load carrying capacity of the adhesive 
joints. Consequently, following conclusions are drawn as a 
result of performed experiments and progressive FE 
simulations; 

 The nonlinear material model for the structural steels can 
be approximated and implemented in the joint strength 
evaluation using power law as described in Eq. 4.16. Similarly, 
Eq. 4.17 and 4.18 are proposed to express the non-linear 
material behavior of ductile and brittle epoxy adhesives, 
respectively.  

 The error between experimental and FE failure load 
results remain below 18% for five different overlap lengths  
(10, 20, 30, 40 and 50mm) and two adherend thicknesses (1.5 
and 2mm) for both epoxy adhesive type.  

 The most dominant parameter is decided to the adherend 
thickness and overlap length, which can drastically change the 
joint strength up to 250% corresponding to the same material 
configuration. 

 In design stage of the adhesive joints, three dimensionless 
parameters (L/t, a y and F/ yt) are proposed for an optimum 
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joint design. Additionally, the strength of the joint has nearly a 
linear proportionality as a function of these parameters up to 

the aforementioned critical point (saturation state).   

 

   

 

   

Fig. 3: Variation of the joint efficiency (performance) corresponding to various dimensionless design parameters.
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Abstract - Under the trend of globalization of industry, one can 
be faced with more than one response in some industrial settings, 
especially in the semiconductor manufacturing process; 
therefore, quality is evaluated as multidimensional for many 
products. 
the system variability caused by the noise factors. The results 
obtained under unrealistic assumptions about the noises may 
mislead the practitioners when it comes to improving quality in 
robust design. For example, many hydrological data and the 
multi-path fading of a signal in wireless communication systems 
are positively skewed and cannot be modelled by any normal 
distribution. In this study, the case where two quality 
characteristics are affected by gamma distributed noise factor is 
taken into account. The true effects of noise distributions are 
investigated and a simulation study is presented to quantify the 
effects of noise distributions for bivariate robust design. In line 
with the obtained results, a new joint density function of two 
quality characteristics is proposed.  
 

Keywords - bivariate response distribution, noise distribution, 
gamma distribution, robust parameter design, response surface 
methodology.  

I. INTRODUCTION 

N the early 1980s, Taguchi introduced the term robust 
parameter design (RPD) and has got popularized by many 

quality improvement engineers in different fields. The most 
essential aspect of RPD is to focus on a single response to 
determine the best operating condition. However, given the 
trend of the globalization of industry, more than one response 
is common in some industrial settings. Therefore, quality is 
evaluated as multidimensional for many produced products. 
Multidimensional quality technologies have received 
considerable attention in recent years in the field of quality 
improvement. 

on quality, statistical communities have criticized his 
experimental methodologies and analysis techniques. 
Consequently, new methodologies have been proposed. The 
response surface methodology (RSM), which was first 
developed by [1], was revisited and popularized in the early 
1990s. [2] discussed a constrained optimization technique 
called the dual response surface (DRS) of the mean and the 
variance responses. Following this article, current literature 
includes several other methods for DRS, for example, [3, 4, 5, 
6, 7, 8, 9, 10]. 

The probability distribution of the experimental data plays 
an important role in response surface methodology. The belief 
that 'the normality assumption' is a robust assumption may not  

 
be true and there are many cases where it does not apply to 
real-world problems. The distribution of noise factors has an 
influence on a response distribution. In fact, [11] and [12] note 
that true normality is considered to be a myth because 
fluctuations in noise factors may not be well described by any 
symmetric distribution in real life problems. In many 
situations, noise factors have skewed distribution, such as the 
gamma, beta or exponential. For example, environmental 
conditions such as streamflow, humidity, temperature, and 
rainfall, which are general examples of noise factors. In fact, 
normal distribution cannot model streamflow and many 
other hydrological data due to the impossibility of negative 
values. Hydrological data are positively skewed with a lower 
bound around zero and an unbounded right tail. Studies on the 
daily or monthly rainfall have indicated that the real 
distribution can be defined by a gamma distribution; see, [13] 
and [14]. If the noise factors are non-normal, then its structure 
affects the distribution of responses. However, practitioners 
rarely know the true distributions. Unfortunately, the current 
status of studies focusing on noise distributions is very 
limited. 

In this paper, we investigate the effects of gamma 
distributed noise on the case where the quality is dependent on 
two quality characteristics. A new joint density function is 
proposed. Additionally, a simulation study is illustrated to 
quantify to gamma effect on the proposed bivariate response 
distribution. 

II. SIMULATION STUDY 

Although non-normal noise factors are the reality of a 
robust design, what is surprising is that the real-life 
experimental designs under non-normal responses are limited 
in the current literature. In this context, we concentrated on a 
simulation study. In the simulation process, an experiment, 
which is presented by [15], as an initial design is defined. In 
the design, three controllable factors; reaction time, reaction 
temperature and amount of catalyst are assumed to be related 
to the conversion ( ) and the thermal activity ( ). Assume 
that the amount of catalyst is difficult to control; therefore, it 
is adopted as a noise factor and is denoted by Z. The other two 
factors, reaction time ( ) and temperature ( ), are control 
factors and their levels are fixed during the experiment. Under 
these considerations, we simulated the initial design assuming 
the noise variates fluctuate according to , and 
random errors are  and  using JMP. A 
large number of potential responses, say 10,000, were 
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randomly generated under the simulation model given by [15]. 
Finally, the design of the simulated experiments under the 
above mentioned assumptions is constructed and given in 
Table 1. 

 
Table 1. The design of simulated experiments. 

 

      

1 -1 -1 1.978 113.975 53.736 
2 1 -1 2.016 102.706 62.265 
3 -1 1 1.986 88.451 58.207 
4 1 1 1.988 121.440 66.719 
5 -1 -1 1.985 113.870 53.732 
6 1 -1 1.973 101.190 62.253 
7 -1 1 2.005 88.913 58.204 
8 1 1 1.998 121.820 66.715 
9 -1.682 0 1.994 99.537 53.060 

10 1.682 0 1.978 116.873 67.385 
11 0 -1.682 1.967 100.772 56.479 
12 0 1.682 2.016 97.546 63.973 
13 0 0 2.011 117.463 60.228 
14 0 0 2.001 114.128 60.231 
15 0 0 2.012 114.319 60.244 
16 0 0 1.996 113.961 60.246 
17 0 0 2.010 114.271 60.238 
18 0 0 2.015 114.509 60.233 
19 0 0 1.990 113.571 60.237 
20 0 0 2.012 113.442 60.248 

 
Figure 1 and Figure 2 illustrate the bivariate histogram and 

scatterplot of 10,000 simulated responses for the first 
experimental run. As seen from Figure 1 and Figure 2, the 
simulated responses have a skewed shape. Although the error 
terms follow a normal distribution, the bivariate distribution 
structure of a gamma noise plays an important role in the 
shape of bivariate responses such that the histogram of 
simulated responses indicates a right-skewed structure.  

 

 

 
Figure 1. The bivariate histogram of 10,000 simulated 
responses for the first experimental run. 

 
 

 

Figure 2. The bivariate scatterplot of 10,000 simulated 
responses for the first experimental run. 
 
In the next section, the illustrated gamma effect on bivariate 
distribution of responses by the simulation study  is taken into 
account theoretically and a new joint density function is 
proposed. 

III. A NEW JOINT PROBABILITY DENSITY FUNCTION 

Consider the quality of a system is dependent on two 
quality characteristics ( ) with  controllable factors 
( ) and one noise factor ( ), thus, the responses can be 
modelled by the second order response surfaces as follows,   

 
  

                                                               (1) 
 

  

                                                              (2) 

 
where ) and ) are random errors, 

and .   
 The conditional mean and variance of Equation (1) given 

, are  
 

    

 
and 

 
  , 

 

where, .  

 
 The conditional mean and variance of Equation (2) given 

 and , are, 
 
   

 
and 
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where .   

 
Thus, the conditional distributions are obtained as, 
 

                                                 (3) 

 

                  (4) 

 
Using Equations (3) and (4), the joint probability density 
function of  given  can be defined by, 
 

         (5) 

  
Finally, by the help of Equation (5) the joint probability 
density function of  is obtained as follows, 
 

 

 

  

 

 

.

 

 
 
and by the help of the following equality, 
 

, 

 

(see, Gradshteyn and Ryzhik [19]), where is a 
parabolic cylinder function, is achieved in the 

form given in Equation (6) after the necessary simplifications. 
 
 

 

 

  

 

  

 

  

  

 

  

                 

  

       
(6) 

 

Figure 3 illustrates the graph of the proposed  

given by Equation (6) under ) and ) 
and , and also and .  

 

 
 

Figure 3. The graph of the proposed . 

 
As seen from Figure 3, the most conspicuous property is 

that the proposed bivariate pdf has a right-skewed shape. 
Effective dominance of the right-skewed noise factor on the 
responses explains the distributional structure of the proposed 
bivariate density. 

 

IV. CONCLUSION 

The results, obtained under unrealistic assumptions about 
the noises, are unreliable for practitioners improving the 
quality in robust design studies. We took into account the case 
where noise factors have a gamma distribution and proposed a 
joint density function of bivariate robust design problem.  
Therefore, this study offers a useful reference to practitioners 
in terms of providing more engineering understanding about 
the process. Additionally, this proposed pdf can be used for 
quality improvement techniques such as in loss function based 
approaches, or to estimate the distributional properties of the 
bivariate-response problems, i.e. system mean and the 
variance. As a future study, one might consider more 
complex high dimensional integrated cases multi-response 
quality problems with a skewed nature. 
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Abstract - The plant biomass of Banyan tree (Ficus 
Benghalensis) was analysed to understand its pyrolytic behaviour 
through thermal degradation using thermogravimetry at three 

-1 under an inert atmosphere 
of nitrogen. The kinetic and thermodynamic analysis was 
performed using iso-conversional models of Kissenger-Akahira-
Sunrose (KAS) and Ozawa-Flynn-Wall (OFW). The activation 
energy values corresponding to degradation mechanism were 
found to be of the range of 73.03 kJmol-1 and 79.74 kJmol-1 as 
calculated by KAS and OFW models, respectively. The thermal 
degradation reaction mechanism was predicted by applying 
Coats-Redfern method indicating that most appropriate 
mechanisms followed by thermal degradation of Banyan tree 
biomass are D5 and F3, based on diffusion and chemical reaction 
respectively, involving  both exothermic and endothermic 
reactions for the temperature range under study. A kinetic 
compensation effect was found to follow the equation: lnA=-
4.1575+0.2042E. The Gibbs free energy value of ~176.24 kJmol-1 
and a difference of about ~5 kJmol-1 between activation energy 
and enthalpy of the reaction indicates favorable product 
formation with considerable bio energy potential of  Banyan tree 
biomass waste.  
 

Keywords - Plant biomass, Banyan tree, pyrolysis, Gibbs free 
energy. 

I. INTRODUCTION 

In view of energy and environmental problems associated with 
the use of fossil fuels (coal, petroleum and gas) in power 
generation, an increasing attention is being paid world-over by 
the researchers and technocrats for the utilization of renewable 
energy sources in power generation and other energy oriented 
industries. There are various type of renewable energy sources 
such as solar, wind, hydropower, biomass energy etc. and out 
of these renewable energy sources, biomass is economically 
more viable for almost all the continents in the world[1]. 
Biomass is a carbonaceous material and provides both the 
thermal energy and reduction for oxides, where as other 
renewable energy sources can meet our thermal need only. 
Amongst all the solid fuel like coal etc. biomass is the purest 
fuel consisting of very lesser amount of ash materials. It  
 
has been estimated that about 19% of the world energy 
demand is being met through the renewable sources with 9% 
of this demand met by biomass, with an increasing rate of 
2.5% per annum[2]. 

The power generation potential data for renewable energy 
sources in India clearly indicates that the biomass has 
potential to generate more than 17000 MW of electricity per 
year in India. However, the country is lacking in exploitation 
of biomass in power generation. Till date, India has been 
capable to generate only 2000 MW (approx.) of electricity per 
year in spite of declaration of several incentives by the 
Government of India. Hence, there is an urgent need to 
increase the utilization of biomass in power generation. In this 
context, the thermal conversion of biomass to get biofuels 
with high energy has proved as a promising technology[3]. 
However pyrolysis has been more popular thermo chemical 
process compared to gasification and combustion as it 
efficiently converts the biomass directly into fuels and 
chemicals in an inert atmosphere[4]. As such, much work has 
been carried out to study pyrolytic behaviour of numerous 
types of biomasses and their waste using thermo gravimetric 
analysis under nitrogen atmosphere to evaluate kinetic 
parameters of biomasses such as Rice husk and Elephant grass 
[5], Pine[6] and Willow [7]. 
El-Sayed et al. [8] investigated two Egyptian biomasses 
(sugarcane bagasse and cotton stalks). The direct Arrhenius 
plot method and integral method were applied to (TG/DTG) 
analysis for determination of kinetic parameters: activation 
energy, pre exponential factor, and order of the reaction. 
Ceylon and Tapcu [9] investigated the physicochemical 
properties along with kinetics of Hazelnut husk, an abundantly 
found agricultural biomass waste in Turkey. The TGA was 
carried out under inert conditions and operated at three 

-1. Three kinetic 
models Kissinger-Akahira-Sunrose (KAS), Ozawa-Flynn-Wall 
(OFW) and Coats-Redfern methods were applied on TGA 
data of Hazelnut husk to calculate kinetic triplet.  Ningbo et 
al.[10] carried out a study on the continuous pyrolysis of pine 
saw dust using a screw reactor to investigate the influence of 
pyrolysis temperature and solid residence time on products 
and energy distribution. TG analysis was carried out to find 
kinetic parameters while products were analyzed using 
GC/MS. The maximum of energy profit rate was found to be 
6.49% at the  residence time of 6 min. 
The main objective of this study is to investigate the thermal 
degradation behavior of Banyan tree (Ficus Benghalensis) 
plant waste (BTW) for energy conversion and to predict 
whether or not the biomass can be used as a potential fuel on 
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(Ficus Benghalensis) plant biomass waste for 

bio energy potential 
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an industrial level. A banyan is a fig that begins its life as an 
epiphyte. It is a plant that grows on another plant, when its 
seed germinates in a crack or crevice of a host tree or human 
edifice. The seeds of the banyan are small, and because most 
banyans grow in woodlands, a seedling that germinates on the 
ground is unlikely to survive. However, many seeds fall on the 
branches and stems of other trees or on human edifices, and 
when they germinate they grow roots down toward the ground 
and consequently may envelop part of the host tree or edifice. 
The leaves of the banyan tree are large, leathery, glossy, 
green, and elliptical. The detailed knowledge for the same 
required pyrolysis experiments to be performed to determine 
the chemical composition and properties to understand 
completely as to what element and compounds are present in 
this biomass and compare them with several other biomass 
sources that have been under study for a long time in the same 
direction. It is to put on record that very little or no work had 
been done on the usage of this biomass as a source of energy, 
however, extensive work has been done in synthesizing gold 
and silver nano-particles from its leaves, roots and straws for 
various medical applications. Ras-Sindoor is yet another 
beneficial product that has been derived from its leaves. 
Thermogravimetric analyis of the Banyan tree waste (BTW) 
biomass was carried out at three heating rates of 10, 25 and 

-1. Moreover applicability of Coats-Redfern method 
to reveal reaction mechanism are presented. The results thus 
presented will provide a better understanding of pyrolysis 
kinetics of Banyan tree waste.  

II. MATERIAL PREPARATION 

The waste biomass of Banyan tree, a national tree of India, 
was collected around the area densely populated with Banyan 
trees, from Kolkata  province of  India. The samples collected 
consist of leaves, straw and small branches. The samples were 
washed to remove any dirt or impurity followed by air drying 
in dry oven for 8 hours. The dried samples were mixed after 
being ground in a rotary mill and then screened to a particle 
size of 0.5mm or less. The prepared biomass sample was 
stored in desiccator for analysis.  

III. KINETIC THEORY 

Pyrolysis, a solid state decomposition reaction of biomass 
under inert atmosphere leads to formation of char residue, 
gases and volatiles. In the present study of degradation 
reactions of biomass two well known models of Kissinger-
Akahira-Sunrose (KAS) and Ozawa-Flynn-Wall ( OFW) are 
used to evaluate kinetic and thermodynamic parameters and in 
turn the reaction mechanism. The results of thermo 
gravimetric experiments are expressed as mass change in 
biomass sample, given as: 

     (1) 

where mi, m and mf are the initial, instantaneous and final 
mass of the biomass sample. On the other hand, the rate of 
conversion is given as: 

       (2) 

where k(T) is the rate constant described by Arrhenius Law as, 

0 the 

pre-exponential Arrhenius factor (s-1), E the activation energy 
(kJmol-1) corresponding to reaction temperature T (K) and R 
the universal gas constant (kJmol-1K-1). After using the value 
of k(T) in Eq. o and 

 

      (3) 

The above function has no exact solution and is solved by 
using various approximations leading to generation of 
different isoconversional methods including Kissinger-
Akahira-Sunrose (KAS) and Ozawa-Flynn-Wall ( OFW) 
methods. The two models are based on the following two 
equations [8-11]. 

KAS method :     (4) 

OFW method :    (5) 

slope of the straight line by plotting the L.H.S of Eq. (4) and 
Eq. (5) vs. 1/T. Coats-Redfern method involves thermal 
degradation mechanism. Rearrangement of Eq. (3) using 
Doyle approximation [9, 12] yields 

               (6) 

The above equation is used to calculate activation energy E, 
and pre-exponential factor A0, in terms of algebraic 

ic 
mechanisms as given in Table 4.  
The thermodynamic parameter of activation Gibbs free energy 
( ) is calculated using following equation, given 
elsewhere[12].                

            (7) 

IV. RESULTS AND DISCUSSION 

A.  Physico-chemical characterization 
The proximate analysis and Energy dispersive X-ray 
spectroscopy (EDS) was conducted giving results as listed in 
Table 1. 
As shown in Fig. 1, the FTIR spectrum of the BTW shows a 
very strong and board absorption band at 3300-3600 cm-1, 
which is ascribable to H-bonded O-H groups of cellulose[13]. 
Besides, the band at 2929 cm-1 is corresponded to C-H 
stretching within the methylene of cellulose. The band in the 
high energy zone (3000-3500 cm-1) is attributed to the 
existence of free and intermolecular bonded hydroxyl groups, 
related to a large amount of OH groups from carbohydrates 
and those of lignin, as well as to the symmetric and 
asymmetric stretching vibrations associated with H2O 
molecules. The absorption peak at 1241 cm-1 can be 
associated with the alkyl ester of acetyl group in hemicellulose 
structure and/or the linkage between hemicellulose and lignin. 
The C=O groups in alkyl groups of lignin side chains are 
suggested to conjugate with the aromatic structure and result 
in absorption peak at 1623 cm-1. 
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Table 1: Proximate and Ultimate analysis of Banyan tree 
waste. 

Proximate analysis of Banyan tree biomass  

Moisture Volatile 
matter 

Ash content Fixed 
Carbon** 

8.15 70.23 1.3 20.10 

Ultimate analysis of Banyan tree biomass using EDS 

Element Weight % Atom % 
C 36.14 40.79 

N 59.13 57.24 

Al 1.19 0.60 

Si 1.24 0.60 

Ca 2.3 0.78 

 
The bands at 2843, 1623, and 1418 have been attributed to 
absorption due to C-H deformation within the methoxyl 
groups of lignin. The characteristic peaks of lignin were 
observed at 1241 cm-1 (C-O ring). Another intense band 
around 1000 cm-1 corresponds to the link C-O-H or C-O-R 
(alcohols or ethers), while the distinctive band at 2929 cm-1 is 
related to the presence of C-H stretching vibration together 
with bending vibrations around 1400 cm-1 of aliphatic chains 
(-CH2 and CH3) forming the basic structure of these lingo-
cellulosic materials. Finally, the band around 1600 cm-1 can 
be assigned to aliphatic or unsaturated aromatic 
compounds[13-14]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: FTIR analysis of Banyan tree waste 
 
B.  Thermal Degradation 
The curves of pyrolysis of TG (the mass loss ) and DTG (the 
rate of mass loss) of Banyan tree waste (BTW) at heating rates 

-1 under nitrogen atmosphere is shown 
in Fig. 2. The curves indicate that the decomposition of BTW 
included three stages, an initial stage, the pyrolytic stage and 
stage of char decomposition. The first stage corresponds to 
moisture vaporization  and lasts till 300 C. The second stage is 
sudden mass loss stage and occurs between 350--500 C and 
corresponds to loss of volatile matter (Mass loss of around 

70%). It is found that the maximum mass loss happens in this 
stage only for all heating rates studied. This stage is followed 
by char pyrolysis stage at temperatures of above 500 C. The 
behavior of TG and DTG curves is similar to other cellulose 
based biomass wastes already studied[8-10]. As heat transfer 
flux change between surroundings and the samples with 
shorter exposure time at a particular temperature will be short 
at higher heating rate, the DTG curves show a shift towards 
higher temperature range with increasing heating rate without 
much change in trends of decomposition curves. With an 
increasing heating rate , the maximum rate of mass loss also 
increased from 10 to 65% min-1. The results are in complete 
agreement with some past studies[11]. 

 
Figure 2: TG/DTG curves of pyrolysis of Banyan tree biomass 

at different heating rates 
 
C.  Kinetic and thermodynamic studies 
The comparative studies of activation energies has been 
carried out at three heating rates using KAS and OFW 
method. Using Eqs. 4 and 5, activation energies were 
calculating using KAS and OFW models respectively 

Table 2: Conversion points and the corresponding function 
values using KAS method. 

Conversion 
 

E 
(kJmol-1) 

R2 lnA0  
(kJmol-1) 

0.2 70.27 0.957 9.36 175.84 
0.3 68.35 0.936 9.29 175.92 
0.4 63.51 0.914 8.66 176.22 
0.5 84.77 0.956 13.46 174.95 
0.6 121.21 0.990 21.00 173.33 
0.7 55.59 0.842 7.67 176.72 
0.8 45.85 0.961 5.81 177.43 

Average 73.03 - - 175.77 
Table 3: Conversion points and the corresponding function 

values using OFW method. 
Conversion 

 
E 

(kJmol-1) 
R2 lnA0  

(kJmol-1) 
0.2 75.66 0.976 11.18 176.21 
0.3 74.45 0.883 11.24 176.35 
0.4 70.01 0.992 10.78 176.71 
0.5 90.61 0.965 15.09 175.28 
0.6 125.76 0.934 22.02 173.51 
0.7 63.33 0.950 10.21 177.36 
0.8 54.88 0.967 8.86 178.32 

Average 79.24 - - 176.25 
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The plot between  vs. 1/T (using KAS model) and 

vs. 1/T were plotted to calculate the slope and in turn the 

values of activation energy E. Fig. 3 shows one of the plots 
using OFW model. The values of activation energies 
calculated at progressive conversion rates using KAS and 
OFW model are presented in Table 2 and 3 respectively. 
However the mean value of activation energies calculated 
using KAS and OFW method are 73.032 and 79.742 kJmol-1 
respectively. The lower activation energy values correspond to 
higher reaction rate. The activation energies show a rapid 

indicating the initiation of main pyrolysis process. Results 
reveal that activation energy is highly dependent on 
conversion and reiterates the fact that pyrolysis of biomass is a 
complex process. It can also be seen that best fitting lines at 

indicating that reaction mechanism is almost same for all 
conversions. The results conclude that pyrolysis of BTW 
follows a multistep complex reaction mechanism depicted by 
the progressive change in activation energy with conversion. 
While comparing the values of activation energy E, with that 
of enthalpies ( ) of activation, a mere difference of around 
5 kJmol-1 was found for each conversion point. This shows 
that activated complex is formed with low potential energy 
barrier. Gibbs free energy ( ) of activation of BTW was 
calculated to fall in the range of ~176.24kJ mol-1 , little higher 
than camel grass [12], rice bran and rice straw [15]. The 
values are indicative of BTW as potential feedstock for bio 
energy. 
 

 
 
Figure 3: Linear fit plots of ln( ) against 1/T for OFW model. 

 
The Coats-Redfern method is one of the frequently used 
approach to determine the appreciate reaction mechanism. 
The values of activation energy (E), correlation coefficient 
(R2)  and pre-exponential factor A0 (ln A0) are also present in 
Table-4 against the algebraic expression used for different 
mechanis -1. The 
comparison of apparent values of activation energies obtained 
against each method  shows that E value corresponding to 
thermal degradation via D5 and F3 mechanism are almost in 
line with the values obtained by KAS and OFW models. The 
findings reveal that the thermal degradation of BTW is based 
on diffusion and chemical reaction involving both 
endothermic and exothermic reactions. 

reaction mechanism and corresponding kinetic variables at 
-1. 

Mechanism Integral form  
 

R2 E 
 (kJmol-1) 

A0 (s-1) 

Power Law 
(P3/2) 

 0.79 11.933 596.36 

Power Law 
(P1/2) 

 0.74 -3.382 -0.013 

Diffusion 
Law(D2) 

 0.85 26.886 17161.44 

Diffusion 
Law (D5) 

 0.85 60.388 10290845.11 

Contracting 
sphere (R2) 

 0.72 10.469 -8645.56 

Contracting 
cylinder (R3)  

 0.75 12.911 56.846 

Chemical 
Reaction 
(F3/2) 

 0.80 28.113 1458.91 

Chemical 
Reaction 
(F3) 

 0.82 66.807 10473358.52 

 
D.  Kinetic compensation effects  
The activation energy and pre-exponential factors on 
conversion degree is proved to follow the relationship [16] as: 

. where a and b are constants called 

compensation coefficients.  
 

 
 
Figure 4: Plot of lnA0 against E of BTW thermal degradation. 
 
The compensation effect can be observed for different types 
of reaction models. However OFW model being more credited 
was used in this study. Plotting lnA0 against E from OFW 
model gives an excellent linear relationship with R2=0.9889, 
shown in Fig. 4. The linear equation representing the data can 
be expressed as lnA0=-4.1575+0.2042E, signifying the intense 
interaction between various kinetic parameters.   
 

V.  CONCLUSION 

This work presents an experimental kinetic study of pyrolysis 
of Banyan tree waste (BTW), using thermo gravimetric 
analysis at three different heating rates of  10, 25 and 

-1. The kinetic and thermodynamic parameters were 
evaluated using iso-conversional models of Kissenger-
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Akahira-Sunrose (KAS) and Ozawa-Flynn-Wall (OFW) 
models and the mean activation energies of pyrolysis of 
Banyan tree waste was calculated to be falling in the range of 
73.032 kJ mol-1 and 79.742 kJ mol-1 respectively. With an 
increase in heating rate, the maximum rate of mass loss 
experiences a shift towards higher temperatures. The pyrolysis 
of Banyan tree most probably follows D5 and F3 mechanism 
based on diffusion and chemical reaction. The outcome from 
this study has proved BTW as a low cost renewable source for 
bio energy.                                                           
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Abstract - This study is based on estimating the brake torque, 
brake power, brake specific fuel consumption (bsfc) and thermal 
efficiency of a diesel engine using diesel-biodiesel-ethanol blends. 
The test, training and validation data were collected using a 
single-cylinder, four-stroke, water-cooled direct-injection diesel 
engine operated with five different test fuels at twelve different 
engine speeds under full load conditions. Performance of the ANN 
model developed using the LM-Levenberg Marquardt standard 
backpropagation algorithm was measured by comparing 
experimental and estimated outputs. The most successful 
networks that use different hidden layer numbers for four output 
parameters determined to have 12, 6, 19 and 4 hidden layers. It 
was also found to be within acceptable levels with the coefficient 
of correlation of 0.98541, 0.99855, 0.97915, 0.96428 for brake 
torque, brake power, bsfc and thermal efficiency respectively. 

 
Keywords - ANN, Engine Performance Diesel, Biodiesel, 
Bioethanol 
 

I. INTRODUCTION 

High energy costs combined with growing energy demand 
in parallel with high living standards make saving energy 
increasingly important for the world. Fossil fuels, which have 
the largest share of the energy demand growth, are not 
considered sufficient to meet the energy needs due to being in 
danger of depletion soon. Besides, serious environmental 
problems such as air pollution, greenhouse gases, and the 
climate change caused by fossil fuels are also globalized 

eco-friendly, renewable and alternative energy sources. 
Diesel engines are widely used in many areas due to their 

high thermal efficiency, low carbon monoxide and 
hydrocarbon emissions. But high particulate matter and 
nitrogen oxide emissions limit the use of diesel engines. 
Alternative fuels such as biodiesel with properties like being 
renewable, non-toxic, sulphur-free, bio-based, oxygenated, 
diesel fuel substitute is concerned to reduce energy costs, 
achieve low fuel consumption and high-power output as well  
 
as to reduce these emissions [1]. When it is desired to dispose 
of properties such as high viscosity and high cold filter 
clogging point etc. resulting from the use of biodiesel, 

bioethanol is also added to form the ternary blend. Studies 
carried out by [2-4] are just a few of the studies where ternary 
blends are used as fuel for diesel engines. 

ANNs are a logic programming technique developed to 
perform skills such as learning, remembering, making decision 
and deducing which are characteristics of the human brain 
without any help [5]. In recent years, ANN have been used in 
different applications in the fields of cutting mechanics, cutting 
mechanics, signal processing, data decomposition and image 
processing etc. by many researchers to solve various problems 
[6]. Engine performance test is another field to be wondering 
whether ANN is suitable or not for it. Considering that there 
are many engine input, output parameters related to engine 
testing, which causes the system to be affected by each of them 
simultaneously, it is quite expensive and time-consuming. For 
this reason, ANN applications simulating the real situation 
have begun to be evaluated as cheaper alternative to the engine 
performance tests for a while.  

The studies oriented predicting engine performance are 
presented below. Sharon et al. [7] have developed an ANN 
model to predict performance and emissions of a diesel engine 
using biodiesel-diesel blends. Deh Kiani et al. [8] have 
performed a study on the subject of the ANN model of a 
spark-ignition engine operation with ethanol-gasoline blends at 
different engine speeds and loads. Ghobadian et al. [9] have 
studied about ANN modelling, based on standard back-
propagation algorithm, of a diesel engine fuelled with waste 
cooking biodiesel. Najafi et al. [10] have aimed to analyse how 
successful ANN is on prediction of performance and emissions 
of a SI engine using ethanol gasoline blends. -Borroto 
et al. [11] have performed a study proving that ANN can also 
be used for predicting cetane number and ignition delay of 
biodiesel. As it is understood, these studies have one thing in 
common that ANN is within acceptable limits for prediction 
when assessed in terms of various errors  

In this study, the performance parameters which are brake 
torque, brake power, brake specific fuel consumption and 
thermal efficiency for a diesel engine fuelled with diesel-
ethanol-biodiesel blends were investigated. An ANN model 
based on LM-Levenberg Marquardt standard backpropagation 
algorithm using the fuel type and engine speed as engine input 
parameters has been developed to estimate the output 
parameters. In order to evaluate the accuracy of the estimation, 
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mean square error (MSE) and coefficient correlation (R) were 
calculated. 

 

II. MATERIAL AND METHODS 

A. Engine performance 

Experimental setup which consists of a diesel engine 
connected with a hydraulic dynamometer, emissions 
measurement equipment, radiator, temperature measurement 
devices, flow meters and control panel is shown in Figure 1. 
The engine in which the experiments are carried out is a single 
cylinder, four-stroke, water cooled, direct-injection Antor 
3LD510 diesel engine. Technical specifications of the engine 
are given in Table 1. 
 

 
Figure 1. Experimental setup 

Table 1. Technical specification of test engine 

Brand  Antor 3LD510 

Engine Type 
Four-stroke, 
Direct injection 

Number of Cylinders 1 
Cylinder volume 510 cc 
Bore X Stroke, mm X mm 85 X 90 
Cooling system Water cooled 
Compression Ratio 17.5:1 
Maximum Engine Speed 3300 rpm 

Maximum Engine Power 9 kW 
Maximum Engine Torque 32.8 Nm 

Specific Fuel Consumption 190 gr/HP h 

 
The speed range of the hydraulic dynamometer is 0 6500 

rev/min and its torque range is 0 450 Nm. A flanged, sharp 
corner-type orifice plate was placed on the intake manifold 
line to measure air consumption. The engine speed was 
controlled by a speed sensor. A fuel measurement unit 
consisting of a 2.5-liter tank and a load cell capable of 
measuring 0 3 kg was used for the determination of the fuel 
consumption. Tests were started after the engine reached its 
operating temperature. The diesel engine was first fueled with 
D100 (pure diesel fuel) and then with D92B3E5 (92% diesel, 
3% biodiesel and 5% bioethanol), D85B10E5 (85% diesel, 

10% biodiesel and 5% bioethanol), D80B15E5 (80% diesel, 
15% biodiesel and 5% bioethanol) and D75B20E5 (75% 
diesel, 20% biodiesel and 5% bioethanol) respectively at 
twelve different engine speeds between 1000 rev/min and 
3000 rev/min under full load condition. The chemical 
properties of diesel, biodiesel and bioethanol used to form 
these blends are presented in Table 2. 

Table 2. Chemical properties of tested fuel  

Fuel property Bioethanol Diesel Biodiesel 
Chemical 
formula 

C2H5OH C12.226H23.29
 C19H35.64O2 

Density (kg/m3) 
at 15oC 

794 834.5 885.6 

Kinematic 
viscosity (mm2/s) 

 
1.1 2.794 4.353 

Content of fatty 
acid methyl ester 
(% (m/m)) 

- - 97.24 

Lower heating 
value (MJ/kg) 

28.4 43.14 38.59 

Cetane number - 55.2 55.7 
Flash point  - 68.5 156.5 

 - -14 -8 
C  - -12 -4 

B. ANN Modeling 

Generally, artificial neural networks provide the advantage 
of being fast, accurate, and reliable when estimating and 
converging, especially when numerical and mathematical 
methods fail due to lengthy iterative calculations [8]. Engine 
tests are very time consuming and costly, and are one of the 
applications that require the use of ANN. For this purpose, 
network structure was constructed using Neural Network 
Toolbox of Matlab software to simulate engine tests. Figure 2 
shows the neural network structure for this study. The network 
consists of three layers of neurons, which are input, hidden and 
output layer. In this network structure, each neuron in a layer 
is connected to all the neurons of the successive layer, not the 

neuron in the same layer. Each input has a  specific weight 

represents the values of the connections between the cells. 
 

 
Figure 2. Neural network structure. 

Engine speed and fuel type have designated as input and 
brake torque, brake power, brake specific fuel consumption 

and thermal efficiency have designated as output. Optimum 
network structure were tried to be found by varying the 
number of neurons in the hidden layer from 1 to 30. The 
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learning algorithm that constitutes the most important structure 
of the network is concerned with how successful ANN network 
is to be able to make the closest predictions to the 
experimental data. The learning algorithm used is Levenberge 
Marquardt (LM) learning algorithm. The transfer /activation 
function that correlates input and output layers with each other 
also affects the performance of the network [5]. Although there 
are many transfer functions such as linear transfer function, 
inverse transfer function., competitive transfer function, elliot 
sigmoid transfer function, positive hard limit transfer function 
etc., logistic sigmoid (log-sig) transfer function which is 
commonly used in the hidden layers of multi-layer networks is 
preferred for this study. [12] 

Determining the percentage of training, validation and 
testing data is another important step in terms of constructing 
of the network structure. Therefore, 60 engine test were 
carried out, 70%, 15% and 15% of these were chosed 
randomly for training, validation and testing respectively with 
reference to studies in the literature. Since the codomain of 
logistic-sigmoid transfer function is limited to 0 to 1, input and 
output values that are not in this range are linearly scaled to be 
in this interval. For this purpose, engine speed, brake torque 
and brake power values divided by 4000, 40 and 10 

2013). The fuel samples were symbolized by the percentage of 
diesel in the fuel contents e.g. 0.92 for D92B3E5 in order to 
quantify the fuel type used as inputs in ANN. 

ANN works in such a way as to minimize the error between 
the experimental and estimated outputs. In this study, mean 
square error (MSE) and coefficient of correlation (R) given 
below has been selected to determine the accuracy of the 
network. 

 

 (1) 

 (2) 

where  is the output value,  is the target value, upper-case 

letters represent averages and  is the number of samples. 

III. RESULT AND DISCUSSION 

Use the Microsoft Equation Editor for equations in your 

paper (Insert | Object | Create New | Microsoft Equation). 
not be selected.  

A. Experimental Results 

Performance parameters such as brake torque, brake power, 
brake specific fuel consumption and thermal efficiency of a 
diesel engine running at twelve different engine speeds 
between 1000 rev/min and 3000 rev/min have been 
investigated for the cases where it is fueled with D100, 
D92B3E5, D85B10E5, D80B15E5 and D75B20E5. The 
variation of these parameters is given in Figure 3. As it is 
shown, the engine speed at which the maximum torque is 
obtained is 1400 rpm and these are 35.36, 32.03, 31.43, 31.19, 
30.30 Nm for D100, D92B3E5, D85B10E5, D80B15E5 and 
D75B20E5 respectively. At all engine speeds, while D100 is 
the fuel with the highest torque, as the biodiesel content in fuel 
increases, the torque values decrease. The reasons for that is 
lower heating value of ethanol and especially biodiesel. The 
brake power increases until it reaches a certain peak point, 
which is obtained at 2800 rpm, then it starts to decrease 
because the decrease in torque can not compensate for the 
increase in speed. This situation also applies to all test fuels. 
Brake power is lower than that of diesel engine when ternary 
blends are used as fuel and the lowest power is obtained if the 
engine is operated with D75B20E5. This can be explained by 
the reduction in the amount of fuel contained in the cylinder 
with increasing oxygen content in fuel blends. Although brake 
specific fuel consumption takes high values at both high and 
low engine speed, it has a minimum around 1400 rpm which is 
maximum torque-speed. The lowest bsfc is achieved when the 
engine is running with diesel fuel because of the low calorific 
value of both ethanol and biodiesel. This would lead to an 
increase in the amount of fuel sent to the cylinder to attain the 
same power if the ternary blends are used. The average brake 
specific fuel consumption is more than approximately 11%, 
15%, 17% and 21% for D92B3E5, D85B10E5, D80B15E5 
and D75B20E5 compared to diesel. 

Similarly, the lower calorific value of diesel is %12 and 
52% higher than that of biodiesel and bioethanol results in a 
decrease in thermal efficiency in the case of fueling the engine 
with ternary blends. 
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B. ANN Prediction 

Engine performance parameters have been estimated by 
using an ANN model based on LM-Levenberg Marquardt 
standard backpropagation algorithm. The hidden layer number 
has been continuously changed from 1 to 30 to find the best 
artificial neural network structure. Mean square error (MSE) 
and coefficient correlation (R) used as comparison criteria. 
Hidden layer numbers that give the lowest MSE and highest R 
values for testing data are listed in the table below. The 
correlation coefficient R for each parameter confirm that there 
is a strong positive correlation between experimental and 

estimated outputs. This indicates that the network structure 
established is suitable for estimating engine performance 
parameters. Figure 4 shows the correlation of experimental and 
prediction results for all output parameters. As it is seen, there 
is not too many discrepancies in the data points on the figure. 
But it is believed that the scaling of the input and output 
parameters by dividing in a linear manner increases the 
differences between the data points. Therefore, it may be more 
appropriate to use different statistical normalization methods 
than scaling.

Table 3. Statistical results of the network 

Output Network 
Structure 

Training data Testing Data 
MSE R MSE R 

Brake Torque 2-12-1 0.00012 0.98720 0.00039 0.98541 
Brake Power 2-06-1 0.00007 0.99835 0.00007 0.99855 
Bsfc 2-19-1 0.00040 0.95157 0.00034 0.97915 
Thermal Efficiency 2-04-1 0.00003 0.96741 0.00004 0.96428 

     

 

 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 3. Variation of engine performance parameters with engine speed 
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IV. CONCLUSION 

The present study shows that addition of biodiesel to diesel-
bioethanol blends reduces brake torque, brake power and 
thermal efficiency and increases brake specific fuel 
consumption. The performance of the ANN model estimating 
these parameters using LM-Levenberg Marquardt standard 
backpropagation algorithm is quite sufficient. R values 
representing the correlation between the experimental and 
estimated outputs are close to 1 and MSE is acceptable levels 
with its values less than 5%. It has been determined that the 
best agreement in terms of prediction is obtained for neural 
network model which has 12, 6, 19 and 4 neurons in hidden 
layer for brake torque, brake power, brake specific fuel 
consumption and thermal efficiency respectively. These 
confirm that ANN, reduces the experimental effort, can be 
used to estimate performance parameter of a diesel engine. 
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Figure 4.  Matching of the experimental and estimated outputs  
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Abstract - In this study, the effects of aging on the mechanical 
properties of glass reinforced plastic (GRP) composite tubes 
exposed to hydrothermal aging in pure water environment were 
investigated. 6, 8 and 10 layered GRP composite tubes which had 

method. GRP composite pipes with different number of layers 
 

14 and 21 days. Hoop tensile strength of non-aged and aged at 
different times 6, 8 and 10 layered GRP composite tubes were 
determined by hoop tensile strength tests according to ASTM D 
2290. The effects of aging time and number of layers on the hoop 
tensile strength of CFRP specimens were investigated in detail. In 
addition, the damage progression in composite specimens and the 
effect of number of layers on damage development were 
investigated. 
 

Keywords - Glass reinforced plastic, Hydrothermal aging, Hoop 
tensile strength 

 

I. INTRODUCTION 

LASS fiber reinforced plastic materials (GRP) are 
composite materials produced by the incorporation of 

glass fibers into the resin as reinforcing material. Glass fibers 
can be present in the composite material in continuous or 
discontinuous phase. In many engineering applications, GRP is 
preferred due to their superior properties such as high strength, 
ability to be produced in a desired size in series, resistance to 
corrosion against a large number of layers, high thermal 
resistance, possibilities of materials in different layer counts 
and different combinations. 

Numerous studies have been carried out on the investigation 
of the mechanical properties of GRP tubes due to the rapid 
increase in the use areas of the tubes and the widespread use of 
the GRP tubes. Be'akou et al. [1] investigated theoretically the 
optimal winding angle for filament winding layer composites. 
They found that pressure, axial force and changes in some 
mechanical properties of the composite structure subjected to 
internal pressures significantly affected the optimum winding 
angle. Rousseau et al. [2] investigated the damage behaviors of 
filament winding tubes under various loads experimentally. 
They have characterized the effect of the filament winding 
patterns on the mechanical performance of composite tubes. 
Hawa et al. [3] investigated the impact behaviors and burst 
strength of glass fiber / epoxy composite tubes aged under 
hydrothermal conditions. They have made hydrothermal aging 

by holding 6 layered composite tubes in water for different 
. They have 

damaged the hydrothermal aged tubes by making low-speed 
impacts at different energy levels. They detected the loss of 
strength by bursting the damaged tubes with the static internal 
pressure explosion test according to ASTM D 1599 standard. 
They found that as the duration of hydrothermal aging 
increases, the loss of strength increases. Rafiee [4] wanted to 
develop an appropriate modeling procedure to determine the 
hoop tensile strength and the longitudinal tensile strength of 
CTP tubes containing sand as the main material. First of all, he 
analyzed the network analysis widely used in the GRP tubes 
sector and found that network analysis can  not predict hoop 
tensile and longitudinal pull strength. Then, he has developed 
sequential damage modeling. It is an advanced model that 
examines the formation of layer damage. The hot water 
environment and the corrosive effect of this environment 
considerably influence the mechanical properties of the 
filament winding tubes. This effect is first formed by the 
absorption of liquid. Layer separation (matrix-fiber separation) 
is observed in the composite structure due to the swelling that 
occurs as a result of liquid absorption. In addition, the water-
soluble materials in the epoxy resin form microcracks. Over 
time, the dissolving substances in the resin are carried out by 
diffusion through the material. [5] 

The hydrothermal aging study in glass fiber reinforced 
(GRP) composite tubes consists of 2 stages in scope. The first 
stage, a hydrothermal aging unit was prepared to keep 
specimens stable at in pure water environment. For the 
experiment, the previously prepared 6, 8 and 10 layered 
composite tubes were exposed to temperature in pure 
water for 1, 2 and 3 and 4 weeks. In the other stage, hoop 
tensile strength of non-aged and aged at different times 6, 8 
and 10 layered GRP composite tubes were determined by hoop 
tensile strength tests according to ASTM D 2290. The graphs 
of the test results were evaluated by drawing. The effect of 
hydrothermal aging and number of layers on glass fiber 
reinforced composite materials was investigated considering 
different aging times. 

II. MATERIAL AND METHOD 

E-glass / epoxy filament winding composite tubes were 

-sided E-glass with a 
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PROPERTIES OF FRP COMPOSITE TUBES 

M.KARA1 and Y.AKIN 2  

1Department of Mechanical Engineering  
2 Department of Mechanical Engineering, Institute of Science and Technology, Necmettin Erbakan University, 

 

G 

719 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

Bisphonele, Epoxy CY 225 was used as matrix material. No 
defect has been detected in the specimens size and visual 
inspection performed after production. 

Table 1 gives the mechanical properties of fiber and matrix 
used in the production of composite materials. [6] 

Table 1: This caption is centered. 

 
E 

(GPa ) 
 

(MPa) 
 

(g/cm3) 
kop 

(%) 

Elyaf: E-
 

73 2400 2.6 1,5-2 

Matris: 
Epoksi 

 
3,4 50-60 1,2 4-5 

 
The hydrothermal aging process and the hoop tensile 

strength tests were performed with 12 of the produced tubes, 4 
of 6 layers, 4 of 8 layers and 4 of 10 layers. For hydrothermal 
aging process, 64 liters capacity glass container was made 
from heat resistant 7mm thick tempered glass with dimensions 

controller with two resistances of 300 kW, a liquid probe with 
high precision temperature control for the control system and a 
2.2 W circulation pump for uniform temperature distribution 
was used. The system is shown schematically in Figure 1. 

 

 
Figure 1: Schematic representation of the hydrothermal aging unit 

 

A. Hoop Tensile Strength Test 

Hoop tensile strength tests were conducted according to 
ASTM D 2290 Procedure A [7]. The test method given in this 
standard includes studies to determine the comparative tensile 
strength under certain preconditions, such as temperature, 
humidity and test speed, using a split disc or loop of many 
plastic products. The procedure is used for reinforced 
thermoset resin tubes. 

Hoop specimens were prepared according to the 
measurements given in Figure-2 from 6, 8 and 10 layered GRP 
composite pipes. Specimens prepared by cutting according to 
the standard have an inner diameter of 72 mm and a length of 
30 mm. According to Procedure A, the specimens were cut at 
4.5 mm radius on the specimens to reduce the cross-sectional 
area so that the specimens could be cut off at the desired cross-
section and accurate tangential stresses could be obtained at 

the end of the test. As each specimen varies in wall thickness, 
the thickness of the specimens is precisely measured and 
recorded. 

 

 
Figure 2: Hoop tensile specimen prepared according to the 

standards 

 
According to the procedure, hoop tensile strength test was 

carried out with 15 specimens of 6, 8 and 10 layers, 3 non-
aged control groups and 3 aged (1 week, 2 weeks, 3 weeks, 4 
weeks) aging. Temperature; standard laboratory atmospheric 

is at least 0.1 inch / min. Figure 3 shows the hoop tensile 
strength test. 

The hoop tensile device used in the experiments (Figure-3) 
is a universal tensile device produced by Kalitest Machine. 
The device provides more than 50 test possibilities for test 
specimens with different specifications. All test results can be 
reported with appropriate software and can be stored if 
required. The device has the possibility to give a large number 
of test results (tensile, tensile strength, strain failure, % 
stretching etc.). 

 

(a)                    (b) 

Figure 3: a) Hoop tensile equipment, b) Hoop tensile device 

III. CONCLUSION AND CONSIDERATION 

The area was calculated by measuring the thickness of each 
specimen and the length of the fracture zone so that the 
tangential stresses can be obtained by the hoop tensile strength 
test. 
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                                                         (1) 

In this equation, Pb (N)  is the maximum tensile strength of 

the specimens, Am (mm2) is sectional area, and T (MPa) is the 
tangential stress. 

The results of the hoop tensile strength test of the specimens 
with non-aging control group are shown in Figure-4. When the 
graph was examined, tangential tensile strength increased with 
increasing number of layers.  The tangential tensile strength of 
8-layered tube increased by 5.15% and increased by 10.58% to 
10-layer tube compared to 6-layered tube. The percentages of 
strength increase are shown in equations (2) and (3). 

                                                 (2) 

                                                 (3) 

 

 
Figure 4: Tangential tensile strength of non-aged specimens. 

 
A decrease in tangential tensile strength of the 

hydrothermally aged specimen  was 
observed (Figure 5). When examined with reference to non-

aged specimens, 10 layer specimen of tangential strength 383 
MPa from the value of 358 MPa decreased to 6,8 %  lost 
strength. The 8-layered composite tube tangential strength 
decreased from 364 MPa to 340 MPa, which was lower than 
the non-aged control group by 7,1 % strength. The strength of 
the 6-layered tube decreased from 346 MPa to 320 MPa, with 
a decrease of 8,2 %.The calculations are made according to 
equation (4). 

                                                 (4) 

 
In the specimens aged for 2 weeks (Fig. 6), the loss of 

tangential tensile strength compared to the non-aged 
specimens in control group was 11,5% for 10-layer specimens, 
13,2% for 8-layer specimens, and 15,3% for 6-layer 
specimens. When the loss of strength was calculated using 
equation (4) at the end of week 2 compared to week 1, the 
strength loss for the 10-layer specimen was 4,4 %, for the 8-

layer specimen was 5,6%, for the 6-layer specimen was 6,6 %. 
It is noted that as the aging time increases, the loss of strength 
decreases rapidly. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5: Tangential tensile strength of specimens subjected to aging 
for one week. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Tangential tensile strength of specimens subjected to aging 

for two week. 
 

In the specimens aged for 3 weeks (Fig. 7), the tangential 
stress loss with respect to the non-aged specimens was 14,97 
% for 10 layered specimens, 17,70 % for 8 layered specimens 
and 21,14% for 6 layered specimens. After 3 weeks of aging 
with reference to specimens aged 2 weeks, the loss of strength 
was 3,14% for 10 layered specimens, 3,99% for 8 layered 
specimens and 5,04% for layered specimens. 

 
 

 
Figure 7: Tangential tensile strength of specimens subjected to 

aging for three week. 
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Figure 8: Tangential tensile strength of specimens subjected to 

aging for four week. 
 

Figure 9 and Figure 10 shows the result damage 
photographs obtained from hoop tensile strength test of 
specimens subjected to aging for four week and non-aged 
specimens, respectively. 

Figure 9: Non-aging hoop tensile specimens a) 6-layered 
specimen, b) 8-layered specimen, c)10-layered specimen 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                    
(a)                                 (b)                                   (c)     
          

Figure 10: Four week aging hoop tensile specimens a) 6-layered 
specimen, b) 8-layered specimen, c) 10-layered specimen 

 
 

A. Conclusion 

In this study, tangential tensile strength of 6, 8 and 10 layer 
glass reinforced plastic (GRP) tubes were determined 
experimentally by hoop tensile strength test according to 
ASTM D 2290 standard. The values obtained from the method 
were compared with each other and the damage developments 
during the tests were also evaluated in the specimens.  

 
The results obtained this study; 

1. In the hoop tensile tests, tangential tensile strength 
increased with increasing number of layers in all 
specimens. 

2. When the hoop tensile test is compared for each 
specimen, the longer the aging time, the lower the 
tangential stress values obtained from the hoop tensile 
tests. 

3. When the tangential tensile strength value was reached 
in all the specimens, the breaking of the fibers 
occurred in the direction 

the test specimens were divided into two by 
breaking in the reduced area. 

B. Consideration 

It is more advantageous to use hoop tensile tests to find 
tangential tensile strengths in GRP composite tubes. Since the 
test specimens are smaller in size, a substantial savings will be 
provided from the material. Determination of the operating 
conditions of the tubes according to the results obtained from 
hoop tensile tests shall establish a safe situation for the tubes. 
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Abstract  In this study, the effects of fly ash and super 
plasticizer, improver materials by adding into the grout, on soil-
cement mixing columns called as deep mixing columns (DMC) 
were investigated. Fly ash is a waste product emerging from 
burning in the thermal power plant. By evaluating waste 
materials in this way, environmental pollution will be reduced 
directly and cement usage and carbon emissions caused by cement 
production will be reduced indirectly. By using super plasticizer 
into the grout, less porous and permeable structural element will 
be manufactured. In order to achieve these goals, an experimental 
program was developed using statistical and experimental design 
methods. It is desired to determine the optimum grout quantity 
and consistency required to minimize the permeability of the 
column manufactured with DMM in silty soils. For this purpose, 
the amounts of fly ash (0-40%), cement (3-11%), super plasticizer 
additive (0.5-2%) and water/binder percentage (0.5-1.25%) were 
chosen as variable to form grouting material. Experimental 
studies have been carried out using Taguchi method, which is a 
powerful optimization technique, using 5-parameter and 4-level 
L16 design table. Permeability test specimens were prepared in 
PVC tubes with diameter of 5 cm and length of 10 cm for each 
design for different curing times of 7 and 28 days. As a result of 
the experiments, the permeability coefficient values (k) of the soil-
binder mixture were found for each design. As a result of the 
statistical analysis, the optimum values of grouting materials to 
obtain minimum permeability of DMC was found with 7% 
cement, 10% fly ash, 1.5% super plasticizer additive and 0.75% 
water/binder ratio for 7 days cure time. For 28 days of curing 
time, optimum parameters were obtained with 7% cement, 25% 
fly ash, 1.5% super plasticizer additive and 1% water / binder. 
These results show that cement requirement may be reduced at 
%25 for soil stabilization works especially in DMM. 
 

Keywords - cement, deep mixing method, environmental 
pollution, fly ash, super plasticizer, Taguchi method, silty soil 

I. INTRODUCTION 

he deep mixing method (DMM) has been used frequently 
in the construction industry since 2000, especially in the 

soil improvement work. DMM is an in situ soil treatment 
technology whereby the soil is blended with cementitious 
and/or other materials. These materials are widely referred to 

are injected through hollow, rotated mixing shafts tipped with 
some type of cutting tool. The shaft above the tool may be 
further equipped with discontinuous auger flights and/or 
mixing blades or paddles. These shafts are mounted vertically 
on a suitable carrier, usually crawler-mounted, and range in 
number from one to eight (typically two to four) per carrier, 

depending on the nature of the project, the particular variant of 
the method, and the contractor. Column diameters typically 
range from 0.6 to 1.5 m, and may extend to 40 m in depth. In 
some methods, the mixing action is enhanced by 
simultaneously injecting fluid grout at high pressure through 
nozzles in the mixing or cutting tools. The cemented soil 
material that is produced generally has a higher strength, lower 
permeability, and lower compressibility than the native soil, 
although total unit weight may be less. The exact properties 
obtained reflect the characteristics of the native soil, the 
construction variables, the operational parameters, and the 
binder characteristics.  

DMM which allows the formation of rigid columns as a 
result of the binding reactions between the materials (cement, 
lime, etc.) mixed with the soil and these columns can be used 
to increase the soil bearing capacity and the liquefaction 
resistance and to stabilize slopes and fillings. DMC 
performance was increased by adding 10%, 15%, and 20% 
polishing material to the injection material, keeping the 
amount of lime and fly ash constant at 15% [1]. In studying the 
effects of cement, lime, fly ash and marble dust on the 
stabilization of clayey soils, different types of cement, lime, fly 
ash and marble powder used as additive materials used at 
different rates (5%, 10% 15%) were mixed and waited for 
different curing times (7 days, 21 days and 45 days) and then 
subjected to three axial compression test to evaluate the 
change in strength properties of the soil [2]. Blast furnace slag 
cement was mixed in plastic consistency of soft soil and 
subjected to free pressure strength test. The cement ratio was 
used as 100-200 kg/m3 for total ground mass and 4.0% and 
8.0% for ground dry mass [3]. In another study, 4%, 6%, 8% 
and 10% ratios of dry weight of cement were selected for 
percentage of cement while water content values were selected 
as 30%, 48% and 70% for cement percentage [4]. Immediately 
after the production of deep mixing columns and using a 
quality management program in the construction phase, the 
results and the process were investigated and it was found that 
the strength and stiffness values of specimens taken from the 
columns produced in the field were 20% to 40% lower than the 
samples prepared in the laboratory. Experiments were carried 
out by using deep mixing columns in a sandy soil with binder 
quantities of 200, 300, 400, 500, 600 and 700 kg/m3 in a study 
in which Portland cement clinker and blast furnace slag were 
used as binders on a sand [6]. 

Effect of fly ash and super plasticizer on 
permeability of soil-cement mixing materials 
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II. MATERIAL AND METHODS 

A. Materials 

The soil used for experimental studies was obtained from 
Doganhisar in Konya. 27% fine sand is found on the ground 
while the remaining part is fine granular (Figure 1). The liquid 
and plastic limits of the soil obtained as 23 and 11 respectively 
and the soil is classified as low plasticity silty soil (ML) 
according to USCS. 

Cement and fly ash are used as binding material in DMC 
manufacturing. CEM-I cement is used in the study. The fly ash 

hir Eti Aluminum Plant. Fly ash 
consists of 16% sand and 84% silt. Fly ash is not included in 
class C or F due to the chemical components it contains and 
the amount of CaO is very high (Table 1). Master Rheobuild 
1000 superplasticizer additive is used to increase the 
consistency of the binder material. 

 

 
Figure 1: Particle size distribution of soil. 

B. Method 

There are several approaches to designing any experiment 
and investigating the effects of the parameters on the results. 
In Taguchi method, this can be reached by using a suitable 
orthogonal array. In addition, maximum and minimum values 
can be estimated with other experimental results which have 
not been done, and the experimental cost can be kept to 
minimum with this method [7]. In this method, specially 
developed orthogonal array tables are used for designs. In this 
study, a 5-parameter and 4-level standard L16 orthogonal 
array table was used (Table 2). In this study, parameters were 

chosen as the initial water content of soil (w0), cement 
percentage, fly ash percentage, water/binder ratio and super 
plasticizer additive percentage. Parameters and their levels are 
given in Table 3. Experimental results were evaluated by S/N 
analysis, ANOVA and optimization studies. 

Table 2: L16 orthogonal array table 

Test 
no 

Parameters and their levels 
A B C D E 

1 1 1 1 1 1 
2 1 2 2 2 2 
3 1 3 3 3 3 
4 1 4 4 4 4 
5 2 1 2 3 4 
6 2 2 1 4 3 
7 2 3 4 1 2 
8 2 4 3 2 1 
9 3 1 3 4 2 

10 3 2 4 3 1 
11 3 3 1 2 4 
12 3 4 2 1 3 
13 4 1 4 2 3 
14 4 2 3 1 4 
15 4 3 2 4 1 
16 4 4 1 3 2 

 
When deep mixing samples are prepared, water 

corresponding to the initial water content of soil is first added 
to the soil and then mixed. Then injection material was 
prepared with mixture of cement, fly ash, additive and water. 
The injection material was again mixed with the previous 
mixture. The amount of cement and fly ash is calculated as the 
percentage of dry mass of the soil. The amounts of water and 
additives added to the injection are calculated on the basis of 
the amount of binder. Once a homogenous mixture has been 
obtained, the prepared mixtures are poured into PVC molds 
which has diameter of 5cm and height of 10cm. Deep mixing 
samples were cured in water bath at constant temperature for 7 
and 28 days. At the end of the curing time, permeability tests 
were carried out to determine the permeability coefficient 
values of the deep mixing columns. 

 

Table 1: Chemical components of fly ash

Chemical component SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O Heat Loss Free CaO 

Fly ash (%) 19.8 8.1 6.0 28.3 1.0 18.2 0.4 0.1 1.8 16.3 

 
 
 
Table 3: Parameters and their levels used in the experimental 

studies 

Level 
Parameter 

A B C D E 

Soil 
water 

content 
(%) 

Cement 
(%) 

Fly ash 
(%) 

Water/binder 
ratio 

Additive 
(%) 
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1 15 3 0 0.50 0.5 

2 19 7 10 0.75 1.0 

3 23 11 25 1.00 1.5 

4 27 15 40 1.25 2.0 

III. RESULTS 

A. Permeability Test Results 

Permeability test results at the end of 7 and 28 days of curing 
time are given in Table 4. In the design of 1, 6, 11 and 16, 
permeability coefficient of soil-binder materials obtained 
maximum (10-3-10-5 cm/s) at the end of 7 days curing time. 
The common properties of these designs are that they have no 
fly ash content. Maximum permeability coefficient value is 
obtained in the design of 11 because super plasticizer amount 
is maximum and water content is very high in the grouting 
material. Mixing the soil with high viscosity of grouting may 
cause the problem of separation between the soil grains, then 
void ratio of soil-cement material may increase. As a result of 
this event, permeability coefficient of soil-binder material 
increase. In the design of 3, 4 5, 8, 10, 12, 14 and 15, 
permeability coefficient of soil-binder materials obtained as 
10-6 cm/s. Permeability coefficient of soil-binder materials 
obtained as 10-7 cm/s for the rest of the designs. In these 
designs cement, fly ash, water and additive amounts are 
variable. At the end of 28 days curing time, permeability 
coefficient of soil-binder materials decreases for almost all 
designs. In the design of 11, permeability coefficient of soil-
binder material obtained maximum (10-4 cm/s). In the design 
of 1-6 and 16, permeability coefficient of soil-binder materials 
obtained as 10-6 cm/s. At the other designs, permeability 
coefficient of soil-binder materials obtained as 10-7 cm/s.  This 
shows that permeability coefficient of soil-binder materials 
decreases if the curing time increases. Moreover, increasing 
amount of fly ash content decreases the permeability 
coefficient of soil-binder material. The other result obtained in 
this study is that, the effect of water/binder ratio and super 
plasticizer amount on the permeability of soil-binder material 
is inversely proportional. This means that if the water/cement 
ratio is high super plasticizer amount in the grouting material 
should be low.   

 

Table 4: Permeability test results at the end of 7 and 28 days 
of curing time 

Test 
No 

Permeability coefficient, k 
(cm/s) 

7 days  28 days 
1 7.22E-05  2.29E-06 
2 6.25E-07  1.73E-06 
3 1.94E-06  1.91E-06 
4 1.30E-06  5.06E-06 
5 1.48E-06  5.38E-06 
6 4.77E-04  2.62E-06 

7 3.67E-07  4.47E-07 
8 1.73E-06  8.43E-07 
9 8.92E-07  5.24E-07 

10 1.28E-06  4.89E-07 
11 1.58E-03  1.20E-04 
12 1.09E-06  7.16E-07 
13 3.53E-07  3.58E-07 
14 1.61E-06  9.35E-07 
15 1.38E-06  5.75E-07 
16 2.03E-04  1.04E-06 

B. Statistical Analysis Results 

Statistical analysis results were evaluated using Design 
Expert 10 software. In the "factorial design" section of this 
software, necessary analyzes were made on the "Taguchi 
orthogonal index" submenu and evaluations were made. 
Multivariate analysis of variance (ANOVA) was performed to 
determine the effect levels of the parameters on the results. 
When the results are evaluated, it is considered that there is 
interaction between all the parameters. 

Probability of occurrence of the model developed for the 
permeability coefficient values at the end of 7 days is 
p=0.011<0.05 and the model is significant (Table 5). The 
model is within the 95% confidence interval. When the 
ANOVA analysis results are evaluated, the effect level of the 
parameters which are effective on the test results is indicated 
by the fact that the F value is high. The most effective 
parameters on the 7-day permeability test results are the fly 
ash, then the superplasticizer additive amount, the water/binder 
ratio and the cement amount, respectively (Figure 2). 

Table 5: ANOVA analysis of permeability test results at the 
end of 7 days 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Value 
p-

value 

Model 3.96E+6 12 3.302E5 25.40 0.011 
Cement 1.39E+5 3 46384.2 3.57 0.162 
Fly ash 3.18E+6 3 1.061E6 81.57 0.002 

Water/binder 
ratio 

2.51E+5 3 83755.7 6.44 0.080 

Additive 3.90E+5 3 1.300E5 10.00 0.045 
Residual 39007.7 3 13002.6   
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Figure 2: Effect of the parameters on the permeability coefficient at 

the end of 7 days 

 
Probability of occurrence of the model developed for the 

permeability coefficient values at the end of 28 days is 
p=0.064<0.05. The model proposed by the Design Expert 
software has low confidence when considering the effect of 
cement amount. The model is within the 95% confidence 
interval (Table 6). The reason of this issue that permeability 
coefficient values are very close for many design and they 
changes between 10-6 and 10-7. The most effective parameters 
on the 28-day permeability test results are the superplasticizer 
additive amount, then the fly ash, the cement amount and the 
water/binder ratio, respectively (Figure 3). 

Table 6: ANOVA analysis of permeability test results at the 
end of 28 days 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Value 
p-

value 

Model 1.1E13 12 8.7E11 7.32 0.064 
Water content 3.2E12 3 1.1E12 9.16 0.051 

Fly ash 3.9E12 3 1.3E12 10.97 0.040 
Water/binder 

ratio 
2.7E11 3 8.9E10 0.76 0.586 

Additive 2.9E12 3 9.8E11 8.39 0.057 
Residual 3.5E11 3 1.2E11   

 

C. Optimization Analysis Results 

Optimum levels of parameters can be determined by doing 
S/N analysis which has a special calculation in Taguchi 
method and it can be done with using Minitab.  

 
Figure 3: Effect of the parameters on the permeability coefficient at 

the end of 28 days 

 
The most effective levels of parameters determined as 23% 

initial water content of soil, 11% cement, 10% fly ash, 0.75 of 
water/binder ratio and 1% super plasticizer amount for at the 
end of 7 days curing time (Figure 4). At the end of 28 days 
curing time, effectiveness of levels of parameters determined 
same with 7-day curing soil-binder material except for fly ash 
(Figure 5). Increasing fly ash amount always decrease the 
permeability coefficient for 28 days curing samples, but 
optimum value of it may be accept as 25 or 40%. 

Using the proposed model developed for permeability test 
results of 7 and 28-day soil-binder material, an optimization 
has made for different parameters and their levels and 100 
different results were obtained. Using different level of the 
parameters, the predicted permeability coefficients given in 
Table 7 for 7-day cured soil-binder materials and Table 8 for 
28-day samples.    
 

 
Figure 4: S/N ratios obtained for the samples cured 7 days 
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Figure 5: S/N ratios obtained for the samples cured 28 days 

IV. CONCLUSION 

In this study, the effects of fly ash and super plasticizer on 
the permeability of soil-cement materials were investigated. In 
soil stabilization application with deep mixing method,             

w                                                                          water/binder 
ratio is generally chosen as 1 when preparing grout material. 
This study shows that water/binder ratio may decrease to 0.75 
if 1% of super plasticizer is added to grout to obtained 
impervious deep mixing columns. Moreover, it is concluded 
that fly ash is an improver material to decrease the 
permeability coefficient of deep mixing columns because fly 
ash is a very fine material and it infiltrates to voids of soil. In 
the optimization analysis, optimum fly ash amount found as 
10% and 25% for 7-day and 28-day cured samples. However, 
25% fly ash should be used to obtain more impervious deep 
mixing columns to consider long term effects. In addition to 
this, waste products will be recycled and cement usage can be 
restricted using fly ash. 

Strength and consolidation properties of soil-binder materials 
manufactured by using cement, fly ash and super plasticizer 
should be investigated to clarify performance of deep mixing 
columns. 

Table 7: Optimization result of 7-day cured samples: predicted k values for different parameters and levels 

Number Water content Cement Fly ash Water/binder ratio Additive k (cm/s) Desirability 

1 27 3 40 0.75 1.0 3.19E-07 1.0 

2 19 3 40 0.50 1.0 3.40E-07 1.0 

3 19 11 40 0.75 1.0 3.63E-07 1.0 

4 27 11 40 0.75 1.0 3.63E-07 1.0 

5 19 3 40 0.75 1.5 3.86E-07 1.0 

6 23 3 40 0.75 1.5 3.86E-07 1.0 

7 23 11 40 0.50 1.0 3.88E-07 1.0 

8 15 7 40 0.75 1.0 3.93E-07 1.0 

9 27 7 40 0.75 1.0 3.93E-07 1.0 
10 15 3 40 0.50 1.5 4.14E-07 1.0 

Table 8: Optimization result of 28-day cured samples: predicted k values for different parameters and levels 

Number Water content Cement Fly ash Water/binder ratio Additive k (cm/s) Desirability 

1 27 3 40 0.50 1.0 3.55E-07 1.0 

2 27 7 40 0.50 1.0 3.55E-07 1.0 

3 27 15 40 0.50 0.5 3.64E-07 1.0 

4 27 15 40 0.75 1.0 3.74E-07 1.0 

5 19 11 40 0.50 1.0 4.63E-07 1.0 

6 27 7 25 0.50 1.0 4.64E-07 1.0 

7 23 7 40 0.50 0.5 4.10E-07 1.0 

8 23 15 40 0.50 0.5 4.10E-07 1.0 

9 19 3 40 0.50 0.5 4.78E-07 1.0 

10 19 15 40 0.50 0.5 4.78E-07 1.0 
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Abstract - The combustion chamber located between turbine 
and compressor are an important component of gas turbines and 
aircraft engines. In the combustion chambers, the chemical energy 
contained in fuel is converted into heat energy. Generally, 
empirical formulas are used for combustion chamber design 
applications. Design applications are made by minimizing gas 
pressure losses and balancing heat transfer. In this study, gas and 
fuel mass flow rate, gas pressure and temperature at the inlet of 
combustion chamber were taken as reference for designing 
annular combustion chamber. Diesel was selected as liquid fuel. 
Empirical equations were used for design applications. First, 
primary zone dimensions were made according to the entrance 
specified conditions. Then, secondary and dilution zone design 
dimensions were determined. Finally, the solid model of the 
annular combustion chamber was created according to the 
determined dimensions. Cooling holes must be provided in order 
to stabilize the cooling process in the annular combustion 
chamber. With reference to the fuel and gas mass flow rate, 
dimensions of the cooling-holes of the annular-type combustion 
chamber were calculated and added to the solid model. After 
designing of the solid model, flow volume was created for 
combustion problem and a mesh structure was generated to suit 
the combustion problems. Numerical analyses were performed 
using the k- -Fluent software. Energy 
equations were also included in numerical solution for combustion 
reaction. The heat transfer and flow structure in the combustion 
chamber are examined in detail.  
 

Keywords - Annular Type Combustion Chamber, CFD, 
Conceptual Design 
 

I. INTRODUCTION 

Combustion chambers in gas turbines allow pressurized air 
transferred from the compressor to increase the temperature 
with the added and combusted fuel. In this manner, design of 
combustion chamber is very important for gas turbines and also 
for jet engines. Combustion chambers must operate stably and 
maintain a wide range of combustion efficiency. Targeted 
results in combustion chamber design are low pressure losses 
and balanced temperature values in the transferred air to 
turbine. 

Several studies carried out about designing of combustion 
chamber. Gangaraju examined gas turbine combustor design 
procedures. In the study firstly, the type of combustion chamber 
was determined. Then, the design parameter for the determined 
combustion chamber were found. The dimensions of the 
chamber geometry were calculated with empirical methods. 
Finally, solid model of combustor was created [1]. Mark 

designed an annular combustion chamber of a low bypass 
turbofan engine. The combustion chamber designed with 
design parameter and drawn solid model of combustor. 
Reference to determined boundary conditions, CFD analysis 
were made with ANSYS CFX software. Flow structure and 
temperature distribution in annular combustion chamber were 
examined in [2]. Shanker designed a can type combustion 
chamber that selected butane as fuel. The combustion chamber 
solid model was drawn with using calculated design parameter 
in Catia v5 commercial software. Mesh structure was created in 
Gambit software for CFD analysis and numerical analysis were 
made in Fluent software. K-
flow problem and examined pressure and flow velocity 
distribution [3]. 

In this study, an annular combustion chamber was designed 
with determined design parameters. For design parameters, air 
mass flow rate, pressure and temperature at combustor inlet, 
mass flow rate of fuel were used. Diesel was selected as fuel. 
After designing combustion chamber, the combustion chamber 
solid model was created and numerical analysis was made in 
ANSYS/Fluent software.      

 

II. MATERIAL METHODS 

A. Designing of Combustion Chamber 

First step of combustion chamber design is selection type of 
combustion chamber and determining design parameters. Air 
distribution in combustion chamber should be detected for 
calculation of dimensions. A schematic distribution of air in 
combustion chamber is given in Figure 1. The steps followed 
for the design is given as below. 

- Calculate the reference and annulus area, 
- Determine primary zone dimensions, 
- Determine diffuser and swirler dimensions, 
- Determine secondary zone dimensions, 
- Determine dilution zone dimensions, 
-    Calculate primary, secondary and dilution zone cooling 
holes. 
Empirical relations used for the dimensions of the chamber 

geometry are given in Table 1. Design parameters for the 
combustion chamber are seen in Table 2. 
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Table 1: Empirical formulas and design parameters [2, 4]. 

Empirical Formulas Calculated parameters or 
dimensions 

Symbols 

Aref=  
-Reference area : Inlet mass flow rate 

R: Universal gas constant 
: Inlet air pressure 

 Diffuser pressure loss 

 : Inlet temperature 
: annulus air mass flow rate 

: Snout out radius 
: Recirculation air mass flow rate 
: Discharge coefficient 

 Swirler pressure drop factor 

: Pattern Factor 
sure ratio 

: Air mass flow rate 

 -Liner area 

Aan= Aref-AL -Annulus area 

 
-Snout outer area 

 
-Diffuser length 

 
-Snout area 

 
-Liner length 

, , 
, 

-Primary zone length, 
-Secondary zone length, 

-Recirculation zone length 
 -Dilution zone length 

 
-Dome length 

 

-Combustor exit area 

 

Table 2: Design parameters. 

Design Parameter Value 
Air mass flow rate at combustor inlet  23.7762 kg/s 

Air temperature at combustor inlet 753 K 
Pressure overall ratio of compressor 20:1 

Fuel mass flow rate 0.18 kg/s 

 

 
1-Swirler Zone         3-Primary Zone Hole     5-Secondary Zone Holes 
2-Dome Cooling      4-Cooling Holes             6-Dilution Zone Holes 
 

Figure 1: A schematic illustration of airflow distribution and 
combustor model [2, 5]. 

 

B. Flow Domains and Mesh Structure 

After determining design parameters, solid model is created. 
A periodic cross section of the solid model is given in Figure 2. 

 
 

 
Figure 2: Periodic section view of the designed annular 

combustion chamber. 
 

After solid model of combustion chamber is drawn, fluid 
domains are created. In this study, periodic fluid domains are 
generated for CFD analysis. In CFD 
flow volume is investigated. The fluid domains are given in 
Figure 3.  

A suitable mesh structure for flow problem is created using 
tetrahedral cells by regulating flow domains. Inflation layers are 

Combustion 
Chamber 

Inlet 

Secondary 
Zone Hole 

Cooling Holes 

Combustion 
Chamber  

Outlet 

Dilution  
   Zone Hole 
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also added near the wall surfaces for regulating mesh quality near the walls. The mesh structure was given in Figure 4. 

 

 
Figure 3: Annular combustion chamber flow volumes section view. 

 

Figure 4: Mesh structure for the flow in annular combustion chamber.
 

C. Defining Flow Problem 

The pressurized air is transferred from combustion chamber 
inlet, the dilution zone holes, the secondary zone holes and the 
cooling holes to the combustion chamber. Here, the combustion 
reaction occurs with the air and fuel interactions. 

The boundary conditions used in CFD analyses are given in 
Table 3. Dilution, secondary and cooling hole entries are taken 
into account as mass flow inlet according to the mass flow 
percentage stated in Figure 1. 

In numerical analysis, k-
Energy, radiation and non-premixed combustion equations are 
added for modeling the fuel and examining the heat transfer. In 
order to analyses the flow structure regions of near the wall 
surfaces, standard wall functions were used in numerical 
analysis [6].  
 

 
 
 
 
 
 
 

Table 3: Boundary Conditions 

Position Boundary Condition 
Combustion Chamber Inlet Mass flow rate, air inlet 

temperature 
Secondary Zone Holes Inlet Mass flow rate, air inlet 

temperature 
Dilution Zone Holes Inlet Mass flow rate, air inlet 

temperature 
Cooling Holes Inlet Mass flow rate, air inlet 

temperature 
Outlet Pressure 

Fuel Inlet Mass flow rate, fuel inlet 
temperature 

Periodic Surface Periodic conditions 
Wall Function Standard wall function 

 

 
 
 
 
 

Inflation Layers 
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III. RESULTS AND DISCUSSIONS 

In this study, a combustion chamber with 15 fuel injectors is 
designed and analyzed. For numerical analysis and chamber 
design, diesel i
is generated and a suitable mesh structure is created for CFD 
analysis. Finally, CFD analysis is used for the investigation of 
flow structure and heat transfer in combustion chamber. 

 
 

 
Velocity vectors in combustion chamber is given in Figure 5. 

When the distributions of the velocity vectors in the flow 
structure are examined, it is seen that the reverse flows occur 
near the injector. And it is observed that the flow structure is 
regulated near the exit of the combustion chamber.  
 
 
 
 

 
Figure 5: Velocity vectors in combustion chamber. 

 
Heat transfer distribution in the combustion chamber is given 

Figure 6. It is observed that the temperature increases to 2215 
K due to combustion. Thanks to the cooling channels, the 
temperature increase caused by combustion in the combustion 

chamber is reduced near walls of combustion chamber. When 
the temperature distribution near the walls of combustion 
chamber is examined, it is seen that the temperature drops to 
750 K. 

  
  

 

 

 
 

Figure 6: Heat transfer distribution in combustion chamber. 

 
 

Total pressure distribution in the combustion chamber is 
presented in Figure 7. The total pressure at the inlet of 
combustion chamber becomes about 2330 kPa. At the exit of 
the combustion chamber, the total pressure decreases to 2185 
kPa. Considering these, the pressure loss calculated in the 
combustion chamber is about 6.22%. 

Fuel mass fraction distribution in combustion chamber is 
given in Figure 8. The maximum fuel mass fraction becomes 
25 % in combustion chamber. This result shows that a great 
deal of fuel is used for combustion in combustion chamber.     
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Figure 7: Total pressure distribution in combustion chamber. 

 

 
 

Figure 8: Fuel mass fraction distribution in combustion chamber. 

 

IV. CONCLUSION 

In this study a conceptual design annular type of combustion 
chamber with specified design parameters is carried out. 
portion of the flow volume is assumed and a suitable mesh 
structure is created for numerical analysis. With the CFD 
analysis, it has been possible to examine flow structure, heat 
transfer distribution, fuel mass fraction distribution and total 
pressure distribution in combustion chamber. A simple 
combustion analysis shows that the reverse flow is observed in 
front of the injector in the flow structure. Approximately 6.22 
% of pressure loss in the combustion chamber is estimated. As 
for the heat transfer, it is observed that the cooling channels 
usefully decrease the extreme heat increment near the liner 
walls. Lastly, 75% of the fuel is seen to burn during 
combustion. 

As for future work, the authors plan to carry out a Large Eddy 
Simulation analysis to reveal the acoustic behavior in annular 
type of combustion chamber. 
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Abstract - The operating environment of wind turbines might 
have variable flow behaviours. That is why the desired boundary 
conditions are created and kept under control using wind tunnels 
to examine the performance of wind turbines in the certain flow 
characteristics. However, this experimental setup can be 
simulated by various approaches and software. In this study, the 
wind tunnel experiment of a horizontal axis wind turbine 
(HAWT), which was named Blind Test 1 (BT1) and done by 
Norwegian University of Science and Technology (NTNU), is 
simulated using OpenFOAM by a combination of a rotor and 
turbulence models. The rotor of a wind turbine is modelled 
applying actuator line method (ALM). The virtual blades are 
defined in the software dictionaries to reduce the computational 
cost. Afterwards, the CAD drawing of the tower assembly is 
inserted into the simulation to obtain the data that is close the 
experimental outcomes. Finally, the   standard turbulence 
model is executed to predict the flow behaviour in near-wake and 
far-wake regions. The created model provided quite correct 
patterns and trends of velocity deficit. The outcome of numerical 
analysis is extracted and plotted using ParaView post-processor. 
 

Keywords  Horizontal Axis Wind Turbine, Blind Test 1,    
Standard Turbulence Model, Actuator Line Method, 
OpenFOAM 

I. INTRODUCTION 

HE fossil ores have been utilised as primary energy 
suppliers. However, industrialisation and high demand 

cause to vanish these limited sources. Moreover, the fossil 
fuels comprise high carbon that is emitted to the atmosphere 
during the energy extraction process. In order to generate clean 
energy from renewable and nature-friendly sources, the wind 
farms have recently become more popular due to high 
efficiency. For instance, the wind farms in Scotland produced 
the electricity more than demanded on August 7th, 2016 [1]. 
According to 2016 data, Pacific region (Australia, New 
Zealand, and Pacific Islands) has the greatest contribution the 
electricity generation by wind with 486,796 MW [2]. These 
data display the wind system has a crucial impact on energy 
supplement. That is why the efficiency of these systems ought 
to be advanced. 
 
In order to improve the wind systems, correct data is 
substantial. However, the test conditions cannot be set every 
time, therefore, the improvements of numerical analysis 

methods are inevitable. The outcomes of the numerical models 
should provide the approximate result to the actual case. That 
is why organisations arrange workshops to compare the results 
of research methodologies with experimental results. One of 
these workshops, which is named Blind Test 1 (BT1), was 
arranged in October 2011 by NOWITECH (Norwegian 
Research Centre for Offshore Wind Technology) and 
NORCOWE (Norwegian Centre for Offshore Wind Energy). 
The predictions of various rotor aerodynamics and turbulence 
models are compared using the experimental data [3].  
 
The numerical analysis of flow physics is a combination of 
fluid dynamics and applied mathematics methods. The 
mathematical models have different algorithms, therefore, a 
simulation by different methods might have various results. 
Furthermore, the selection of solver is significant as much as 
rotor and turbulence model to obtain predictions that represent 
the actual case. In this study, the numerical analysis of BT1 
experiment is completed by OpenFOAM 3.0.x. The 
OpenFOAM (Open Source Field Operation and Manipulation) 
is a C++ based and open source software. The program has 
different solvers and methodologies to solve the CFD 
problems. The BT1 experiment is simulated by a combination 
of momentum source and  turbulence models. The 
boundary conditions of BT1 is specified in the dictionaries of 
the software. The turbulence generation in the downstream 
zone is predicted in 1D, 3D, and 5D far away from the rotor. 

II. MATHEMATICAL MODEL 

The BT1 experiment is modelled using a rotor aerodynamic 
method, momentum source, and turbulence model. The rotor 
model is chosen Actuator Line Method (ALM). In this 
approach, the blades are divided into small domains as in the 
Blade Element Method, as seen in Figure 1. The load 
distribution on the blade is determined for each sub-domain 
using a lookup table of the aerofoil. Furthermore, the non-
uniform load distribution and tip vortices can be detected by 
ALM. Therefore, the ALM is an advanced version of BEM. 
The blade elements are specified in the dictionary of the 
program with the constant parameters including twist angle, 
chord length, and headwind.  
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Figure 1. Cross-section of a blade element [4] 

 

The relative velocity at local, , can be defined by the 

angular velocity of the rotor, , the radial distance between 

blade element, and the rotational axis of the turbine, as shown 

in Equation 1 [4]. The relative angle, , is formulated in 

Equation 2 [4].  
 

        (1) 

 

           (2) 

 
A momentum source should be applied to the virtual rotor 
created by ALM. The rotorDisk case in OpenFOAM is 
suitable to form the desired test condition. The main principle 
of rotorDisk is that the rotor area is accepted a rotating zone 
and the momentum is created by the specified virtual blades. 
That is why the aerofoil geometry and coefficients are defined 
in the rotorDisk dictionaries using the lookup table. As a 
result, the analysis is completed with less mesh number and 
low computational cost. 
 
The turbine rotor and momentum source forming were defined 
in the program. However, another model is required to 
simulate the downstream flow that passed the rotor. The flow 
is assumed incompressible and conservation law is used to 
define flow physics mathematically. As seen in Equation 3, the 
fundamental Navier-Stokes is indicated. 
 

           (3) 

 
The momentum equation of incompressible flow can be 
derived from Equation 3. Finally, 3D Navier-Stokes equation 
is found and x-direction component is represented in Equation 
4 [5]. 
 

    (4) 

 
 

The Navier-Stokes equation is implemented to solve mean 
behaviour of flow and display the impact of turbulence 
fluctuations on mean value. The RANS turbulence model can 
be derived from Navier-Stokes equation and expressed in 
Equation 5 [6]. 
 

       (5) 

 
In this expression, several parameters are unknown such as 
dynamic turbulent viscosity. An approach that has sufficient 
parameters to solve the flow problem is chosen to obtain an 
approximate result to the actual case. In this study,    
standard turbulence model is preferred to simulate the 
downstream. The constants of the model are given in Table 1. 
 

Table 1. Constants of    standard turbulence model 

     

 
The implementation of    standard turbulence model is 
simpler since the solution converges easily. Moreover, the 
model is more convenient to simulate rotating flows and 
separations. 

III. CASE STUDY 

First of all, the wind tunnel that is generated by coarse and 
hexahedral mesh is defined in rotorDisk to specify flow 
volume. The size of the tunnel is specified in blockMeshDict 
using 8 cartesian coordinates. The height of the tunnel 
increases throughout the outlet, as seen in Table 2. The roof of 
the tunnel is flexible; therefore, the pressure gradient is 
considered zero. Furthermore, the bulk tunnel speed is 10 m/s, 
the flow inlets the tunnel uniformly with 1% tolerance, and the 
turbulence intensity is defined 0.3%. These tunnel data are 
significant to create the initial conditions. 
 

Table 2. Dimensions of Wind Tunnel 

 Width (m) Length (m) Depth (m) 
Inlet 2.7 0.0 1.801 

Outlet 2.7 11.15 1.851 

 
The background mesh number is decided by mesh sensitivity 
analysis. The x-axis is divided into 12, y-axis and z-axis are 50 
and 8, respectively. The patches of the background mesh are 
named to specify boundary conditions correctly such as 
upperWall, lowerWall, and so on. The log law is also checked 
for wall functions whether the value is in the 30-200 range. 
The rough mesh of tunnel is formed and indicated in Figure 2. 
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Figure 2. Background mesh 

 
Afterwards, the wind turbine was inserted 4D distance from 
the inlet of the tunnel same as in the experiment. The tower of 
the turbine has a telescopic shape that has 5 various diameters. 
The height of the tower is lowered 0.123 m and the rotor is 
defined at 0.817 m height from the ground. The turbine, which 
has NREL S826 aerofoil shaped aluminum blades, is 
represented in Figure 3. 
 

 
Figure 3. Dimensions of Wind Turbine [7] 

 
The coarse background mesh is narrowed to form the denser 
mesh of the rotor and its around. A very refine cylindrical 
volume mesh is created for the rotating zone. The mesh size 
decreases gradually far away from the rotating zone. 
Furthermore, the mesh of wake generation volume is made 
denser than the background to predict the wake developments. 
This mesh refinement is defined in the snappyHexMeshDict. 
The generated refine mesh is represented in Figure 4. 
 

 
Figure 4. Refine mesh around the virtual rotor (x-axis cross-section) 

The tower assembly of the turbine is drawn using Solidworks 
2017 and the CAD file is inserted into the program as a .obj 
format. 
 
Before running the simulation, the initial condition parameters 
of the flow field are calculated for the    standard 
turbulence model and coded in the dictionaries. Turbulence 

kinetic energy, , is 1.35E-3, turbulent dissipation rate, , is 

6.448E-5, and turbulent viscosity, , is 2.544E-3. The initial 

condition of air is given in Table 3. 
 

Table 3. Initial conditions of air [8] 

Inlet velocity (m/s) (0 10 0) 

Pressure (kg/ms2) 0 

Density (kg/m3) 1.225 

Kinematic Viscosity (m2/s) 1.5E-05 

 
In the last step, the momentum source is coded in the 

fvOptions dictionary. The tip speed ratio (TSR), , of the 

rotor, which was kept at 6 in the experiment, is specified in the 
dictionary as rotational speed, , in revolution per minute 

(rpm). The TSR can be used to define the revolution speed, as 
seen in Equation 6. 
 

        (6) 

 
The reference velocity and rotor radius are 10 m/s and 0.447 
m, respectively. The rotational speed is found 1281.785 rpm. 
At the end of the dictionary, the profile and data of blades are 
coded. The lookup table includes geometrical and operational 
data of blades, where are indicated in Appendix. A part of the 
lookup table is shown in Figure 5. 
 

 
 

Figure 5. NREL S826 Lookup table in fvOptions dictionary 

 
The steady-state incompressible case is executed by Semi-
Implicit Method for Pressure-Linked Equations (SIMPLE). 
This solver calculates the mass flux for each cell faces and 
determines the pressure. Afterwards, the pressure and velocity 
values are computed and linked each other. The 1000 time-
steps are chosen to replicate the iterations until the residuals 
converge. The post-processing and data extraction is 
completed using ParaView 6.1. 
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IV. RESULTS AND DISCUSSION 

The BT1 experimental setup is simulated using rotorDisk case 
of OpenFOAM with the combination of ALM and    
turbulence model. The velocity deficit data in the wake region 
is extracted for 1D, 3D, and 5D distances. The 1D distance is 
accepted 0.894 m. The flow velocity varies around the wind 
turbine and in the wake region between 0.4 m/s and 12 m/s. 
However, the velocity deficit begins to recover going 
throughout the further downstream. As seen in Figure 7, the 
velocity increases in far-wake region. Furthermore, when 
cross-section views in Figure 8 are compared, it can be 
detected that the diameter of low-speed field reduces far away 
the rotor and moves towards the centre of wake region. 

The experimental [9] and numerical results provide 
approximate predictions, as seen in Figure 8. The fluctuating 
trend within the area behind the turbine and the similar 
patterns of both numerical and experimental results are 
detected. When the data of individual slices are investigated 
one by one, it is seen that the prediction of the numerical 
analysis becomes closer the experimental. However, the results 
of the numerical analysis at some locations are obtained 
overestimated when compared with the experimental 
outcomes. There are some computational reasons why 
overlapping results cannot be obtained at some points in the 
wake behaviour analysis. In addition, an almost stagnant wake 
behaviour is obtained near the wall of the tunnel. 

 

 
Figure 6. Velocity profile along y-z axis cross-section

   

          
           (a) 1D                                                                                              (b) 3D 

 

 
(c) 5D 

Figure 7. Velocity profile along x-z axis cross-section
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(a) 1D 

 

 
(b) 3D 

 

 
(c) 5D 

Figure 8. Velocity deficit in downstream at certain points
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When looking at Figure 8, the velocity deficit around the side 
and lower walls are examined. However, the value of velocity 
increases near the upper wall in wake region. This is because 
the boundary field is defined for side and lower walls, but the 
upper wall is assumed slip condition. Going throughout the 
walls to the rotor, the flow speeds up until the tips of blades. In 
this region, the downstream in near wake zone is faster than in 
far wake. The ALM can provide sharper velocity reduction 
successfully at the tips of blades in near wake zone. However, 
the velocity change in downstream is smoother and the wake 
region is wider. Therefore, the shade contour of the turbine 
and tower assembly is more evident in Figure 8.a. The flow 
slows down in the wake region prominently and the diameter 
of wake region increases throughout the outlet of the tunnel. 
Due to the blade geometry, a circular and slow downstream 
region occur. This zone moves towards the centre in further 
downstream.  
 
As a result, the rotorDisk case for BT1 experiment provides 
good approximations and same pattern with the experiment. 
Furthermore, the ALM supplies to make detectable sharp 
changes of velocity and tip vortices. The    turbulence 
model gives quick and approximate solutions with ALM. 

V. CONCLUSION 

The numerical analysis might not overlap with the 
experimental results. The mesh sensitivity analysis is the 
significant reason since the results should be independent of 
mesh size and number. In addition, to converge the numerical 
results, the potential flow analysis can be done before flow 
simulation. 

APPENDIX 

Table 4. Lift and drag coefficients of NREL S826 aerofoil [7] 

 
 
 
 
 
 
 
 
 

Table 5. Geometrical data of NREL S826: Blade radius, chord 
length, and twist angle [7] 
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Abstract - A microwave plasma gasifier MCw GASIFIER was 
designed and constructed at laboratory scale as a research project 
of TUBITAK with a grant number of 115 M389. An operational 
study was conducted with a variety of solid waste samples which 
were regarded as fuel of MCw GASIFIER. The utilized amount of 
power input and amount of plasma environment- gas were the 
basic variables to determine gasification rate of fuel. The amount 
and chemical content of the produced syngas besides its available 
energy content were considered through a thermodynamic 
analysis of the process to determine the energy conversion 
characteristics of the fuel. The covered ranges of the variables for 
the operational study are input power range 3000 W < P < 6000 
W; amount of plasma environment gas of air (50 l/min < Q g < 100 
l/min). Russian, South African and coal, pine and 
hornbeam sawdust besides polyethylene are the gasified samples 
in operation. Overall performance of MCw GASIFIER can be  
estimated for the possibility of a large scale industrial plant 
installation as a future work. 
 
Keywords - MCw GASIFIER, Thermodynamic Analysis, Syngas 
 
 *Corresponding Author Prof. Dr. melda@gantep.edu.tr 
 

I. INTRODUCTION 

Global solid waste generation is estimated to be more than 3.5 
million tonnes per day in 2010, more than 6 million tonnes per 
day by 2025 and 11 million tonnes per day by 2100. The global 
cost of trash is $205 billion a year in 2010 and $375 billion by 
2025. Landfills, and uncollected waste, also contribute to 
climate change through the production of methane, a potent 
greenhouse gas. In this content waste to energy processing 
systems are currently be regarded as alternative solutions. WTE 
Worldwide [1] can be referred for the global status in the last 
30 year-period. According to Leckner [2] the waste to energy 
processing systems are mass burning systems (combustion) 
,gasification systems, co-combustion systems ,melting plants 
and as a new emerging technology plasma gasification systems. 
Plasma gasification offers an environmental performance better 
than incineration and conventional gasification systems through 
reduced volume of waste and with a complete disposal of 
harmful wastes. Therefore handling of plastic wastes- harmful, 
toxic wastes and MSW seems to be possible. The major 
problem associated with plasma gasification is the optimum 
operating conditions with a reduced amount of energy input. In 

the case of plasma gasification a variety of solid wastes can be 
transformed into syngas and ash.  Hydrogen content of syngas 
is the basic parameter under consideration from the point of 
view of waste to energy conversion. Besides amount of plasma 
input power, conversion efficiency of waste and process 
characteristics which are dependent on the physical- chemical 
characteristics of the waste and the plasma environmental gas 
are also of practical importance. 
A micro- wave plasma gasification process for a variety of solid 
waste disposal is the concern of the paper based upon a variety 
of previous publications of the authors [3 through 9]. The 
operational test cases of the installed microwave plasma 
gasifier MCw GASIFIER are presented in this paper briefly in 
terms of waste to energy conversion. 
 

II. MCW GASIFIER: SYSTEM DESCRIPTION  

 
MCw GASIFIER is an open cycle blower type set-up which is 
given as a schematic description in Figure 1. The heart of the 
setup is the microwave plasma generation and control system 
of MUEGGE. The system description is given in Table 1. The 
system is able to generate microwave plasma at a varying input 
power up to 6000 W at a frequency of 2450 MHz. Air is used 
as the environment gas in the operational study presented 
although use of water vapor is also possible.  
 
Solid waste samples  of 3 different coal , 2 kinds of sawdust and 
polyethylene pellets which are specified by codes of CR,CSA, 
CTR, HSW, PSW, PP are used as fuel .  Since the energy 
conversion is governed by the thermodynamic analysis of the 
process the material -physical   characteristics of solid waste 
samples and their chemical content are the major input data . 
The samples were prepared as powders. Proximate and ultimate 
analysis of the solid waste samples; CR, CSA, CTR, HSW, 
PSW, PP were conducted. An outline is given in Table 2. 

As can be described in the recent article of the authors [9] 
thermodynamic analysis is provided in terms of energy and 
mass conservation. The defined first law and second law 
efficiency terms, , content conversion 
efficiency parameters, CCE and hydrogen quality  are 

referred through the so-called process and system descriptions. 
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2Gaziantep University, Gaziantep/Turkey - aytacsanlisoy@gantep.edu.tr 

739 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

The defined parameters are given in Table 3. 

 
Figure 1a: Sketch of the realized set up with the conceptual 

process description  

 
 
 
 
 

 
Figure 1.b: Photograph of the System   

 

TABLE 1: Details of MCw GASIFIER System with Air Utilization as Plasma Gas 

SYSTEMS 
OF  
MCw 
GASIFIER 

TYPE SUB-
SYSTEMS(COMPONE
NTS) 

CHARACTERISTICS- 
FUNCTION  

UTILIZED 
RANGE  

MICROWAV
E PLASMA 
GENERATIO
N AND 
CONTROL 
SYSTEM 

MUEGGE 
( SOFTWARE 
PROGRAM: Muegge MX 
model control software 

MX6000D-110K model  
power supplier  
MH6000S-213BF model 
magnetron head ( In 
combination with 
Isolator, 3 Stub-Tuner, 
Wave Guide Plasma  
Applicator )  

Generation of Power  up to P=  
6000 W 
Generation , control and  
transmission of microwave 
signal to introduce plasma   

  W   <   P    < 
6000 W 
SENSITIVITY 
: 1% 
VARIATION 
IN P   
Frequency of 
2450 MHz  

GASIFICATI
ON 
REACTOR  

HOME MADE 
FIXED FUEL  BED 
,CYLINDRICAL , 
SWIRLING INLET OF 
PLASMA GAS  AT 
REACTOR HEAD  

REACTOR HEAD ( In 
combination with plasma 
applicator) 
MAIN BODY  

MATERIAL: Stainless Steel 
Diameter: 8,1 cm 
Length : 50 cm  
UPWARD FLOW OF 
PLASMA FLAME  

 

PLASMA 
ENVIRONM
ENT 
FEEDING 
SYSTEM  

Air Supplier: Lupamat 
LKV 30/8 model screw 
compressor.  
 

Flow rate measurement: 
ALICAT MCR-
250SLPM-D model mass 
flow controller is used  

Compressed air which has 
maximum  8 bar pressure and  
4850l/min flow  
 

RANGE OF 
AIR FLOW:  
 
50 ,75,100 
l/min   

FUEL- 
SOLID 
WASTE   

Russian Coal CR 
South African Coal CSA 
Turkish Low Grade-Sirnak 
Coal CTR 
Hornbeam Sawdust HSW 
Pine Sawdust PSW 
Polyethtlene Particle  PP 

  
 

Coal Particle Size: 0.1 mm 
Sawdust Particle Size:1 mm 
Material Density Measured 
kg/m3 
CR: 701 
CSA: 750 
CTR: 930 
HSW:230 
PSW: 219 
PP: 212 

 
     14.7 g/min  
-   35.71 g/min 
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MEASUREM
ENT AND 
DATA 
ACQUISITIO
N SYSTEM  

Local Temperature 
Measurement :B type 
(Pt18Rh-Pt) thermocouple  
Elimko E-PR-110 model 
data acquisition card. 
 
 MRU VARIO plus Semi 
Continuous  Syngas 
Monitoring System  

     Up to 1820 .   
      
 
 
Oxygen   0-25% 
Carbon Monoxide  0-10 
% /30%/100% 
Carbon Dioxide 
Monoxide  0-10 % 
/30%/100% 
Methane Monoxide  0-10 
% /30%/100% 
Hydrogen 0-10 % /100% 
 

 
 
 
 
Resolution: 0.01% 
Repeatability 1% Fs 
Response Time : 30 Seconds 
(From Analyzer Inlet Port) 
Linearity Error: 1%Fs 
Detection Limit : 0.05% 
Respectively 1 Ppm 

 
 
 
 
 
 
 
SAMPLING 
RATE : 
 
1 l/min- 1.33 
l/min 

Table 2: Measured Material Characteristics of Solid Waste Samples per Mass Base -Proximate Analysis * Adiabatic Bomb 
Calorimeter 

Table 3: Definitions of Performance Parameters 

 PARAMETER  DEFINITION 

: First law efficiency of process 
 
 

: First law efficiency of system 
 
 

: Second law efficiency of the process 
 
 

: Second law efficiency of system 

   

  

  

 

CCE: Content conversion efficiency 

: Hydrogen content conversion efficiency 

 

: Ash content conversion efficiency 
 

: Syngas content conversion efficiency 

 

: System content conversion efficiency 

 

   

   

  

   

: Hydrogen quality of syngas    

: Mass scale parameter 

: Power scale parameter 
   

   

 

Fuel- 
Waste 

Moisture 
(%) 

Volatile 
matter (%) 

Fixed 
carbon (%) 

Ash 
(%) 

Calorific Value  
kJ/kg* 

Carbon 
(%) 

Hydrogen 
(%) 

Oxygen 
(%) 

Nitrogen 
(%) 

Sulphur 
(%) 

CR 3.15 23.51 67.46 5.87 31336.05 66.81 4.49   21.72 1.00 0.11 
CSA 3.40 25.94 55.94 14.71 30758.85 62.56 4.08   17.61 0.64 0.40 
CTR 0.85 36.67 21.05 41.43 19954.03 42.18 3.75   5.96 0.35 6.33 
HSW 17.39 72.58 10.02 0.69 21352.90 36.15 6.24   56.92 0.00 0.00 
PSW 21.35 69.54 8.53 0.58 17941.66 39.66 6.45   53.30 0.00 0.00 
PP 0.19 94.90 0.91 5.44 ----------- 69.6 10.26  16.14 0.00 0.00 
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III. OPERATIONAL STUDY :  ANALYSIS OF THE TEST 

CASES  

Operational study of MCw GASIFIER is described in Table 4. 
A constant amount of solid waste, 250 g  was processed at 
varying amounts of plasma gas as 50 l/min, 75 l/min and 100 
l/min at varying input power from 3000 W to 6000 W. The local 
temperatures at the reactor wall at 5 different locations  from   
y/h =0.28 to  y/h= 0.92  were measured during the process. 
Generated syngas was monitored through MRU VARIO and 
the process time was recorded inspecting the outcome of of 
analyzer and by visual observation of the system. The recorded 
time of process was used for the determination of solid waste 
gasification rate. The measured local temperatures are their 
averages during the processing time. Not only the temperature 
variation inside the reactor but also the temperature of syngas 
is the governing parameter for energy conversion. Temperature 
of syngas is defined as the time average of the 5 different local 
temperature measurements inside the reactor since the process 
is a dynamic one with time and the measurements are focused 
on the determined time of process. The  sample results  for CTR 
gasification as a function of input power for different amounts 
of air  through syngas content are given in Figure 2 a and Figure 
2.b . The variation of local temperatures in the reactor  during 
the operational time for CTR  is given as sample plots in Figure 
3.  

 
Table 4: Operational Range of Mcw Gasifier 

SOLID 
WASTE 
-FUEL 

AIR  
l/min 

 FUEL 
GASIFICATION 
RATE  g/min  

PLASMA POWER   
        W   

CR 50 
75 
100  

14,7- 20,27  
15,95  21,48 
17- 22 

3000, 3600, 4200, 
4800, 5400, 6000 

CTR 50 
75 
100 

15- 20,27 
15,95 -21,42 
17 - 22 

3000, 3600, 4200, 
4800, 5400, 6000 

CSA 50 
75 
100 

16,3- 20,27 
17,44- 25 
17- 22 

3000, 3600, 4200, 
4800, 5400, 6000 

HSW 50 
75 
100 

17-25 
20,83- 30 
23,43-22 

3000, 3600, 4200, 
4800, 5400, 6000 

PSW 50 
75 
100 

17- 25 
20,83- 30 
23,43-35,71 

3000, 3600, 4200, 
4800, 5400, 6000 

PP 50 
75 
100 

22,72- 28,8 
24,19- 30 
25-  27,77 

3000, 3600, 4200, 
4800, 5400, 6000 

 

 
Figure 2.a : Syngas Content  at 50l/min  

 
 

 
Figure 2.b Syngas Content  at 100l/min   

 

3000 3600 4200 4800 5400 6000

O2 2,30 2,42 2,49 2,50 2,51 2,59

CO2 23,43 22,38 22,11 21,63 19,67 19,95

CO 36,83 37,40 37,31 37,51 37,78 36,74

H2 1,54 1,59 1,68 1,83 1,91 1,92

CH4 1,57 1,39 1,32 1,27 1,27 1,29

N2 34,32 34,83 35,08 35,26 36,85 37,50

0,00
5,00

10,00
15,00
20,00
25,00
30,00
35,00
40,00

%

Power (W)

Gasific CTR in 
case of 50 slpm air flow rate

3000 3600 4200 4800 5400 6000

O2 4,82 4,89 5,14 5,32 5,39 5,59

CO2 34,31 32,76 33,18 31,67 28,80 28,48

CO 26,52 28,22 28,56 28,67 28,56 29,42

H2 1,63 1,67 1,70 1,85 1,95 1,96

CH4 1,55 1,38 1,28 1,25 1,26 1,35

N2 31,17 31,09 30,14 31,24 34,03 33,19

0,00
5,00

10,00
15,00
20,00
25,00
30,00
35,00
40,00

%

Power (W)

Gasific CTR in 
case of 100 slpm air flow rate
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Figure 3.a:  Reactor Temperature Variation  at 50 l/min  

 

 
Figure 3.b: Reactor Temperature Variation  at 100 l/min 

 
For the waste to energy conversion;  analysis is given in 

terms of   mainly: 
I) Gasification rate of  the solid wastes  
II)Available energy content of the solid wastes 

    III) Energy content  of Syngas  
as a function of utilized air and input  power.   
The overall system performance is set after the execution  of 

thermodynamic analysis of the conducted operational test 
cases. It can then be used for the estimation of a feasible large 
plant.  
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Abstract - Engine researchers focused on increment of engine 
performance and reduction of emissions released from internal 
combustion engines to prevent air pollution. In this study, it is 
theoretically aimed to increase performance characteristics such 
as power output (PO), torque, thermal efficiency (TE) and reduce 
NO emission of a single cylinder 4-stroke gasoline engine by 
adding liquid nitrogen into the cylinder.  A simulation model, 
which was confirmed by previous empirical works, has been used 
to figure out the effects of nitrogen addition. The results obtained 
demonstrated that by increasing mass percentage of nitrogen at 
constant engine speed of 3600 rpm, PO increased to 10.67 kW 
from 8.69 kW and torque increased to 28.31 N.m from 23.06 N.m 
at maximum increment conditions. NO formation remarkably 
decreased. However, TE reduction was lower than 10%. It was 
shown that higher power requirement can be provided by the 
liquid nitrogen injection. 

 
Keywords - Spark ignition engine, combustion analysis, engine 

performance, NO emission 
 

I. INTRODUCTION 

Engine researchers have focused on energetic and 
ecological performance improvements due to energy and 
emission requirements. Many studies can be found in literature 
investigating the impacts of using additives on intake air or to 
fuel, aiming to increase engine performance [1] [10].  

Al-Hasan M. [11] investigated the effects of blending 
unleaded gasoline with ethanol on performance characteristics  
and exhaust emissions of a four stroke, four-cylinder SI 
engine. The results indicated that using ethanol as an additive 
increased PO, torque, volumetric efficiency, TE, fuel 
consumption and CO2 emission while reducing fuel 
consumption, equivalence ratio, CO and unburned 
hydrocarbons (UHC) emissions. 

Bayraktar H. [12] investigated the effects of ethanol 
addition to gasoline on performance and exhaust emissions of 
an SI engine experimentally and theoretically. The results 
yielded that PO and efficiency increased with increasing the 
volume percentage of ethanol in fuel due to improved 
combustion. Using blended fuel reduced CO concentration, 
but NO emission raised due to higher in-cylinder temperatures. 

Hsieh et al. [13] experimentally investigated the engine 

performance and exhaust gas emissions of an SI engine fuelled 
with ethanol gasoline blend. The results showed that the 
torque (ranging from 2% to 4%) and fuel consumption 
increased inconsiderably. CO and UHC formations decreased 
because of the leaning effect; and CO2 emission increased due 
to better combustion. Also, the NOx emissions are more 
affected by operating conditions, whilst comparing with the 
amount of ethanol in mixture.  

Liu et al. [14] examined the effects of adding methanol at 
low rates on gasoline. The blended fuel lowered the PO and 
torque slightly, while increasing the TE. CO and HC emissions 
were lower than neat gasoline operation after catalytic 
converter. The effect on NOx emission was ignorable, both 
before and after the three-way catalytic converter. 

Illiev S. [15] used a 1-D model to analyse the emission and 
performance characteristics of a four-stroke SI engine running 
with different volumetric rates of ethanol-gasoline and 
methanol-gasoline mixtures. The results pointed out that using 
blends decreased PO and increased fuel consumption, in 
comparison with neat gasoline. CO and HC emissions were 
lower than neat gasoline, however NOx emissions were fairly 
higher.  

Elfasakhany A. [16] experimentally investigated the 
performance characteristics and exhaust gas emissions of a 
small size research engine using different ratios of bio-ethanol 
and iso-butanol in gasoline. The results indicated that 
comparing to neat gasoline fuel, the volumetric 10% blends 
decreased volumetric efficiency, brake power and torque 
output, UHC and CO emissions by 2%, 3.8% and 1.7%, 15% 
and 20%, respectively. But it has been asserted that the drop in 
engine performance would be covered by increasing the blend 
rate value (>10 vol%). 

Elsemary et al. [17] examined the effects of hydrogen 
addition on the engine performance and emission products of 
an gasoline engine. Results show that hydrogen addition 
increased in cylinder pressure and thermal efficiency 
decreased brake specific fuel consumption. Hydrogen addition 
also caused to a reduction in the UHC and CO emissions.  

Shivaprasad et al. [18] studied the effects of adding 
hydrogen to air-fuel mixture on performance and emissions of 
a single-cylinder SI engine. Results showed that the hydrogen 
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addition increased brake mean effective pressure about 5%. 
Brake thermal efficiency increased until the hydrogen fraction 
reaches up to 20%; then, the brake thermal efficiency was 
decreased due to lower air existence. The volumetric 
efficiency decreased as hydrogen tended to replace air from 
the mixture. CO and hydrocarbons emissions decreased, and 
NOx emissions increased due to higher temperatures in 
cylinder.  

Mingrui et al. [19] researched the effects of water injection, 
on emissions and performance characteristics of a gasoline 
engine. The results indicated that water injection increased 
power output and decreased NOx emissions. 

Christodoulou and Megaritis [20] experimentally studied the 
impacts of hydrogen and nitrogen addition on the emissions 
and combustion of a diesel engine, respectively. Results 
showed that nitrogen addition decreased NO emission and 
thermal efficiency. 

 
II. THEORETICAL MODEL 

In the two-zone combustion models, the combustion 
chamber is divided into burnt and unburned gas region. The 
results obtained from the calculations done for both regions 
can be more accurate, comparing to calculations made by 
using average values of the thermodynamic properties of the 
gas in the combustion chamber [21]. Therefore, two-zone 
combustion model was used in this study. 
 

 
Figure 1. Two Zone Combustion Model [21] 

 
In the model, following assumptions are made for burned 

and unburned gas regions [21]; 
The pressures of both zones are equal at any moment, 
Heat conduction between zones is neglected, 
There is always a thermodynamic balance, 
Fuel, air and residual gas are homogeneously mixed, 
Gases participate in calculations like ideal gas, taking 

temperature change into consideration. 
In this study, the simulation model proposed by Ferguson 

[22] has been developed by adding Nitrogen into the 
combustion reaction as shown below:  
 

              (1) 

 
Here is molar fuel-air ratio, is equivalence ratio and 

 are atom numbers of Carbon, Hydrogen, Oxygen, 

Nitrogen in the fuel, respectively.  is mole fractions of the 

combustion products. y

calculated as: 
 

                                                                    (2) 

 

 and  are total air and nitrogen molecular weights. 

 is the rate of nitrogen mass to total air mass and defined 

as:  
 

                                                                        (3) 

 
More information can be found in references. [22 24] 
 

Table 2: Engine specifications. 

Engine Model Honda GX 390 
Engine Type Air-cooled 4-stroke OHV 
Bore x Stroke 88 X 64 mm 
Displacement 389 cm3 
Power Output 11.7 HP (8.7 kW) @ 3,600 

rpm 
Torque 19.5 lb-ft (26.4 Nm) @ 

2,500 rpm 
Compression Ratio 8.2:1 

III. RESULTS AND DISCUSSION 

Results of nitrogen addition which are obtained from 
simulation are given below in figures. 
 

 
Figure 2: Power output at different engine speeds 

 
In fig. 2, it is seen that as the rate of nitrogen mass 

increased, power output increased simultaneously. The power 
output is 8.69 kW at 3600 rpm without nitrogen addition. 
However, the power output is 10,67 kW with 50% rate of 
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nitrogen mass addition. Thus, the power increased by 22% 
with nitrogen addition. 

 

 
Figure 3: Power density at different engine speeds 

 
Fig. 3 shows the effect of nitrogen addition on power 

density. Power density increased likewise the power output 
with nitrogen addition. Power density without nitrogen 
addition is 19.61 kW/l at 3600 rpm. and with 50% rate of 
nitrogen mass addition it increases to 24.07 kW/l. Thus, 
increment of power density by nitrogen addition is around 
22%. 
 

 
Figure 4: Torque at different engine speeds 

 
In fig. 4 the effect of nitrogen addition on torque is shown. 

nitrogen mass increases, the torque 
output increased as well. Torque output without nitrogen 
addition is 26.46 N.m at 2500 rpm and with 50% rate of 
nitrogen mass addition torque output is 32.05 N.m. So, 
increment of torque is around 21%. 

 

Figure 5: Thermal efficiency at different engine speeds 
 

Fig. 5 shows the effect of nitrogen addition on thermal 
efficiency. It is seen that unlike power output the thermal 
efficiency is decreased by nitrogen addition. Thermal 
efficiency without nitrogen addition is 28.88% at 3600 rpm 
and with 50% nitrogen addition it is 25.53%. So, decrement of 
thermal efficiency is around 11%. The main reason of this 
result is that equivalence ratio and injected fuel mass enhance 
with augmenting nitrogen ratio in the mixture. Therefore, 
thermal efficiency reduction seems with increasing power 
output, but the reduction rate of the efficiency can be absorbed 
due to lower ratio.  
 

 
Figure 6: NO formation at different engine speeds 

 
Fig. 6 shows the effect of nitrogen addition on NO formation. 
It is clearly seen that nitrogen addition has a crucial effect on 
NO formation. NO emission greatly reduced as the nitrogen 
rate increased. Increasing nitrogen ratio leads to colder 
cylinder charge so the NO formation lowers due to lower 
combustion temperatures. Abatement ratio is higher than 50% 
as can be clearly seen in the figure.   

IV. CONCLUSION 

In this study, effects of nitrogen addition on performance 
and NO formation of a single cylinder four-stroke SI engine 
fuelled with gasoline are investigated. In the results, the 
maximum power output is obtained with 50% nitrogen 
addition at 3600 rpm. In this scenario the power increment 
seen is about 22% with nitrogen addition. Due to power 
increment, torque and power density increased with nitrogen 
addition as well. However, nitrogen addition has a negative 
impact on thermal efficiency. As it is shown in fig. 5, thermal 
efficiency decreased around 11% due to increasing 
equivalence ratio and injected fuel mass in the mixture. 
However, when it is considered that the power increased about 
22%, the thermal efficiency drop can be seen tolerable. The 
main purpose of the nitrogen injection into the cylinder is to 
enhance the power output. This goal is achieved with the 
proposed ratios of nitrogen. Furthermore, nitrogen addition 
provided a huge reduction on NO emission which enhances its 
attractiveness.  
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Abstract -In this study, modal parameters of one automotive 
daytime running light  (DRL) have been updated by using 
resonance search results. Resonance search has been performed 
on an electro dynamic shaker and finite element model has been 
updated accordingly. 6ms duration 30g amplitude half sinus 
shock tests have been applied on DRL. During tests, acceleration 
and strain measurements have been done. Measured 
accelerations have been correlated with theoretical shock signal. 
Shock signal is used on finite element model as load input and 
transient finite element analysis  (FEA) has been performed. 
Strain results of FEA and measured strains during test have been 
compared. Response spectrum  (RS) calculations have been 
done from shock acceleration signal and RS analysis has been 
performed on DRL by different calculation methods. Results of 
finite element transient analysis and finite element RS analysis by 
different methods have been compared. 

Keywords  DRL, RS, SRSS, CQC, Rose, Lindley, Gupta, 
Resonance Search, Harmonic Response 

I. INTRODUCTION 

Automotive Lighting Systems must resist different type of 
shock tests. One of which is the 30g amplitude 6 ms duration 
half sinus shock test. This shock signal is repeated 30.000 
times and performed on an electro dynamic shaker. Shock 
acceleration signal is given on Figure 1. 

Schrader (2006) has inspected one automotive headlamp 
using the SAE J577 shock test procedure and compared the 
measured strain and transient FEA strain results. However, in 
that study no information was given about finite element 
model update. It is very important use an updated finite 
element model before running transient analysis. Another 
study related to this field has been performed by Ding (2011). 
In that study RS analysis methods, RS calculation methods, 
application area of RS analysis, necessity of damping ratio 
validation, comparison of transient and RS analysis results 
have been explained. However, in that study general 
procedure is explained but validation study was not done. All 
comparison was done on a single cantilever beam by using 
FEA results without performing any physical tests. Another 
study in this field is related to failure detection methods during 
SAE J577 shock test on performed on an automotive 
headlamp. However, FEA was not done (Xie, K. 2007). 

In this study finite element model of DRL is updated and 
correlated with resonance search test results. During 30g 
amplitude and 6ms duration shock test, acceleration and strain 

measurements have been performed. Measured accelerations 
have been used as load inputs for finite element model and 
transient shock analysis has been performed. Measured strain 
and FEA strain results have been compared. RS of shock 
signal has been calculated and RS analysis by different 
methods has been performed. Results of RS analysis and 
transient analysis have been compared. Optimum method for 
RS analysis for this case has been determined. 

 
Figure 1. 30g amplitude, 6ms duration half sinus shock  

II. RESONANCE SEARCH ON DRL BEFORE SHOCK ANALYSIS 

Before performing shock tests and FEA, a constant 1g 
sinusoidal resonance search has been performed on the DRL 
between 5Hz to 250Hz frequency range and with 1 octave/min 
sweep rate. Acceleration response of DRL measured with 
accelerometer put on a determined point of the structure. Also 
finite element harmonic response analysis has been performed 
and finite element model has been updated accordingly. 
Harmonic sweep test and FEA results can be inspected on 
Figure 2.  

 

 
Figure 2. Harmonic Sweep Test & FEA Results Comparison  
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III. DATA ACQUISITION DURING HALF SINUS SHOCK TEST 

During shock test, acceleration data from all fixing points 
and for all directions, and strain data have been collected. Test 
has been conducted on an electro dynamic shaker (Figure 3) 
and 3 axis accelerometers have been used. 16 channel data 
acquisition system (Figure 4) has been used and all data have 
been collected at once. 

 

Figure 3. Half Sinus Shock Test on an Electro dynamic Shaker 

 
Figure 4. 16 Channel Data Acquisition System 

 
When theorical shock acceleration signal and measured 

shock signals are compared (Figure 5), it is found that 
measured signals represent theoric signals by 98%. 

 
 

       
Figure 5. Shock Signals measured on fixing points of DRL 

 

Measured strain signal has been cut to 0.1s in order to be 
compared with FEA strain results. 

 
Figure 6. Cut Strain Signal 

IV. TRANSIENT FEA 

0.1s duration acceleration signals used as load inputs for 
transient FEA. Measured strain and calculated strain have 
been compared. 

 

 
Figure 7. Comparison of Measured and Calculated Strain Signal 

 
 

 

Peak ( s) RMS ( s) 

Test 837.6 210.1 

Analysis 
862.4 
e=3.12% 

205.7 
e=2.1% 

 
When test and FEA results have been compared, 3.12% 

error has been found on the peak values and 2.1% error has 
been found on the root mean square  (RMS) value of strains. 
It seems that due to synchronized measurements and by the 
use of updated finite element model, error in RMS value is 
quite low. 

V. RS ANALYSIS FOR HALF SINUS SHOCK ACCELERATION 

SIGNAL 

In short, RS is the maximum acceleration response of one 
degree of system to an acceleration signal with respect to its 
resonance frequencies. A constant damping ratio is assumed 
for all resonances. Mostly, used by earthquake engineers to 
analyze transient accelerations. RS of one time domain 
acceleration signal is shown in Figure 8. 
 

TABLE 1 COMPARISON TABLE 
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Figure 8. RS of one Acceleration signal 

 
By the use of 30g amplitude & 6ms duration shock signal RS 
has been calculated and shown in Figure 9. 

 
Figure 9. RS for 30g Half Sinus Signal 

 

Choice of RS analysis method depends on the resonance 
frequencies of the structure, Ding (2011). If resonance 
frequencies of the structure well separated square root of sum 
of squares  (SRSS) mode combination method gives good 
results, otherwise complete quadratic combination  (CQC) or 
Rosenblueth (ROSE) methods are used. Another issue is the 
position of resonance frequencies of the structure with respect 
to frequency zones of the input RS. If the modes of interest are 
in the low frequency region (out of phase response) rigid 
response and missing mass effects are neglected, if they are in 
the transition region from out of phase to in phase response, 
missing mass and rigid response effects are taken into 
consideration by the use of Lindley or Gupta methods. If they 
are in the high frequency region (rigid or static response 
region) Gupta method is used. fZPA is the frequency where 
rigid response starts. It is called as frequency of zero period 
acceleration. In this case it is about 760Hz. 

 
When resonance frequencies of DRL are inspected it is 

understood that they are in the transition region of RS. 
However, in this study RS FEA is performed with all 
mentioned methods. The results are compared with transient 
results and tabulated in Table 2 and Table 3. 

 
 
 
 
 
 

 

Normal 
Stress 
In X Dir. Error % 

Normal 
Stress 
In Y Dir. Error % 

Normal 
Stress 
In Z Dir. Error % 

SRSS 

16,108 -25,256 50,638 -5,435 33,706 -14,601 

CQC 

16,061 -25,474 50,502 -5,689 33,790 -14,388 

ROSE 

16,061 -25,474 50,502 -5,689 33,790 -14,388 

SRSS 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

18,328 -14,955 46,713 -12,764 33,723 -14,558 

CQC 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

18,353 -14,839 46,626 -12,927 33,770 -14,439 

ROSE 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

18,355 -14,829 46,622 -12,934 33,771 -14,436 

SRSS 
Missing Mass 
Rigid response 
Gupta 

16,188 -24,885 50,666 -5,3827 33,741 -14,512 

CQC 
Missing Mass 
Rigid response 
Gupta 

16,143 -25,093 50,536 -5,625 33,823 -14,305 

ROSE 
Missing Mass 
Rigid response 
Gupta 

16,141 -25,103 50,53 -5,636 33,825 -14,300 

Transient 
Analysis 21,551 53,548 39,469 

 
 

Dir. Def. 
in X Dir. Error % 

Dir. Def. 
in Y Dir. Error % 

Dir. Def. 
in Z Dir. Error % 

SRSS 

0,334 6,532 0,621 1,869 0,566 -22,589 

CQC 

0,333 6,405 0,619 1,672 0,568 -22,411 

ROSE 

0,333 6,405 0,619 1,672 0,568 -22,411 

SRSS 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

0,278 -11,408 0,565 -7,249 0,640 -12,510 

CQC 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

0,277 -11,504 0,564 -7,364 0,641 -12,413 

ROSE 
Missing Mass 
Rigid response 
Lindley 
ZPA= 760Hz 

0,277 -11,504 0,564 -7,380 0,641 -12,414 

SRSS 
Missing Mass 
Rigid response 
Gupta 

0,334 6,628 0,621 1,886 0,566 -22,575 

CQC 
Missing Mass 
Rigid response 
Gupta 

0,334 6,500 0,620 1,705 0,568 -22,398 

ROSE 
Missing Mass 
Rigid response 
Gupta 

0,3342 6,507 0,620 1,695 0,568 -22,398 

Transient 
Analysis 0,313 0,609 

 
 0,732 

       

TABLE 3 COMPARISON TABLE FOR DIRECTIONAL DEFORMATION 

TABLE 2 COMPARISON TABLE FOR NORMAL STRESS 
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VI. CONCLUSION 

In this study, firstly, by resonance search tests, finite 
element model of DRL has been updated. After that, during 
30g shock test, acceleration and strain signals have been 
collected. Measured shock signal has been correlated with 
theoretical shock signal. On the updated finite element model, 
by the use of collected data, transient FEA and RS analysis 
have been performed with different methods and results have 
been compared.  

 
It is concluded that for this type of structure which has 

resonance frequencies in the transition zone of input RS, 
missing mass effects and rigid response effect by Lindley 
method gives optimum results. As a result, before starting to 
analyze shock response of one structure, it is important to 
know resonance frequencies of the structure and input RS 
frequency regions.  

 
 When compared with finite element transient analysis 

results, for all type of results, error found after RS analysis is 
in 15% range. In spite of 15% error, RS analysis lasts shorter 
than transient analysis and result file is too smaller. Transient 
FEA took 51420s and RS took 296s which is 174 times 
shorter. Result file of finite element transient analysis is 
249.237GB, however it is 785.063MB for RS. 

 
 In spite of 15% error found between RS and finite element 

transient analysis results, RS analysis can be used as a fast tool 
in order to evaluate the structure under shock loading in a very 
short time and without expensive calculation resources. 
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Abstract  The scarcity of the non-renewable energy sources 
pushes the companies retrofitting the processes more energy 
efficient. Because of the global warming, decreasing the emission 
is main target for large industries such as petrochemical and 
refining complexes.  The main purpose of this study was to 
conduct an exergy analysis of the , that was one of 
the most popular corporations in Turkey and was indispensable 
raw-material producer of the industry with its product range 
over 50 productions, plant steam headers which delivers five 
different level steams (XHS: Extra High Pressure Steam, HHS: 
High Temperature and High Pressure Steam, HS: High Pressure 
Steam, MS: Medium Pressure Steam, LS: Low Pressure Steam) 
and condensate recovery header. It was seen that, XHS header 
has the greatest exergy loss with the value of  
62350 kW. Also exergy change in seasonal basis was investigated 
and the results shown that the seasonal temperature fluctuations 
did not significantly affect the exergy. In addition to these, 
frictional losses were calculated through the steam headers. 
Higher-level pressure headers were the main source for the 
destruction of exergy, because of its higher flowrate, pressure and 
temperature. Letdown to produce lower pressure steam causes 
the another biggest portion of exergy destruction. Therefore, 
reducing the quality of steam can be made by steam turbines for 
preventing exergy loss. Also additional suggestions were listed for 

 
  

Keywords  Power plant, Steam headers, Exergy analysis, 
Retrofitting  

I. INTRODUCTION 

n an industrial basis, steam and power plants have crucial 
importance in accordance to fuel consumption. Since the 

amount of consumed fuel is directly relevant to the cost of the 
process, maximization of the energy saving becomes the major 
goal of the managers, engineers, and the scientists. For going 
further to optimization of energy usage, it is necessary to 

ce the 
 As it well known, energy cannot be 

created nor destroyed, however in the real processes energy 
quality is degraded. This concept is about the Second Law of 
Thermodynamics, and increasing relevance of the second law 
is the result of two significant changes produced at the 
international level in energy policies. 

It was previously mentioned in the works of Rivero [1] the 
three E model which forms the inevitable connection between 
energy, economy, and ecology. The connection between 

energy and economy navigates us to think about the 
optimization of also the quality, not only the quantity 
degradation when it is used. Besides that, the energy-ecology 
connection is about the necessity of stopping the environment 
deterioration generated by the increasing fossil fuels 
consumption in order to assure a sustainable development. For 
dealing with this conditions which was formed by the necessity 
connections mentioned above, exergy concept must be used.  

The main purpose of the exergy analysis is the detection of 
the locations where high energy losses occur; in the light of the 
data which obtained by the exergy analysis, some suggestions 
had been done in order to maintaining the reduction in exergy 
losses. The total site integration for a set of process served by 
a centralized steam system, with targeting approach developed 
for sites consisting of multiple process [2]. In addition to these, 
a description of thermos-economics and its applications, as an 
evolutionary development beyond exergy analysis and entropy 
generation minimization, is available in Bejan [3]. Also the 
self-heat recuperation technology was developed based on 
exergy recuperation for application of many chemical 
processes. This is a simple calculation technique which is 
derived by numerically and concerned to process from the 
point of irreversibility [4]. 

In the light of this information, it can be easily understood 
that exergy analysis is a way which has some substantial 
properties in order to maximize the availability of work. The 
main purpose of this study is performing exergy analysis at 
steam headers which transports steam at five different pressure 
levels. As side objectives, pressure drop calculations are 
achieved for each header, and seasonal exergy variations are 
investigated. This exergy analysis study is done at Petkim 
petrochemical refinery steam network.  

II. STEAM HEADERS 

Refinery steam network consumes considerable energy. 
The main purpose of the steam network is producing steam for 
using at the manufacturing plant. Steam is produced at 
different pressure and temperature level, and used by the 
factories which present in the refinery in necessary amount of 
flow and pressure level. The amount of fuel consumption in 
steam networks is enormously high, because of boilers and 
other fuel-consuming components existence. This huge energy 
consumption must be reduced due to the importance of energy 
crisis and global warming necessitates. 

Retrofitting of a Power Plant Steam Headers in a 
Petrochemical Complex using Exergy Analysis 
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Chemical plants and refineries include unique 
combinations of equipment and systems that are used to 
separate materials into pure or relatively pure products. 
Examples of process systems include reactions, distillation, 
absorbing/stripping, adsorption/drying, crystallization, 
evaporation, extrusion, extraction, filtering, screening, and 
utility systems. Plant utility systems typically include steam 
generation, compressed air and gases, water treatment, and 
cooling tower operations. 

A steam system is a complex arrangement of equipment 
and piping that works together to produce and circulate steam 
at a variety of pressures and temperatures. Because steam is 
used in many industrial applications, most chemical plants and 
refineries have their own steam generation facilities. 

 

  Boiler (fire tube or water tube) 

  Steam header system (low, medium, and high pressure) 

  Condensate return system (steam traps, valves, piping, 
pumps) 

  Deaerator system 
In a closed steam system, a condensate return header is used to 

remove slugs of water or condensate from the live steam line. A 
vessel called a deaerator is used to collect fluid from the 
condensate return header. The deaerator is designed to remove 
excess air from the system. Demineralized makeup water is often 
added to the deaerator. The cooled condensate is fed back into 
boiler, where it is changed into steam [5]. 

Steam headers on an industrial site typically consist of long 
pipe runs connecting boilers, turbines, heat recovery steam 
generators (HRSGs), and process equipment. 

Petkim, one of the most popular corporations in Turkey, is 
indispensable raw-material producer of the industry with its 
product range over 50 production. Its petrochemical products 
are important input of construction, electricity, electronic, 
packaging, textile also medical, dying, detergent and cosmetic 
sectors. Steam network of Petkim has five main pressure level 
of steam header, and condensate recovery header. Steam is 
produced at Steam and Power generation unit and distributed 
to the whole plant. As it can be seen in detailed form in Figure 
1, the steam network is mainly subtracted into polymer line 
which located at the bottom of the network, and monomer line 
which placed above. Extra High Steam Pressure (XHS) header 
is used by NSC (Naphta Steam Cracker-Ethylene) unit, High 
pressure High-High temperature steam (HHS) and Medium 
temperature High pressure steam (MHS) headers are used by 
PTA (Pure Teraphthalic Acid) unit, High pressure Steam (HS) 
header is connected with PTA (Pure Teraphthalic Acid), Air 
Oxygen, PA (Phthalic Acid), PP (Polypropylene), HDPE 
(High Density Polyethylene), LDPE (Low Density 
Polyethylene), EO/EG (Ethylene Oxide/Ethylene Glycol), 
VCM (Vinylchloride Monomer), and ACN (Acrylonitrile) 
units. Medium pressure Steam (MS) header is used by PTA, 
TAYPE 
Polyethylene), PA, PP, LDPE, Flare unit, NSC, EO/EG, Waste 
Treatment unit, VCM , ACN-VCM flare, TRI/PER CE, and 
Aromatics units. Last header which is classified as Low 
pressure Steam (LS) header is connected with PTA, TAYPE, 

PAA, PP, HDPE, LDPE, NSC, PVC (Polyvinyl chloride), 
EO/EG, VCM, ACN, aromatics unit, CA (Chlorine Alkali) and 
Steam Tracing, Cooling Towers, Residential Areas, Fuel gas 
system. All calorific values about each header are listed in 
Table 1. 

Table 1. Calorific values which related to type of produced 

steam 

Steam 
Pressure 

Pressure 
(kg.cm2) 

Temperature 
(oC) 

Calorific value 
(kcal/kg) 

XHS 134 540 821 
HHS 84 310 674 
HS 42 392 762 
MS 18.5 3.00 723 
LS 5.5 195 678 

 
Extra High-Pressure steam which abbreviated as XHS, is 

generally generated by a boiler, and supply to the XHS header 
for the use of driving compressors. The pressure level of XHS is 
between 1000 psig and 1200 psig [1]. Since the pressure level of 
Extra High-Pressure steam is very huge, it must be controlled in 
order to maintain safe process conditions, since XHS header is 
one of the most critical components in power stations. Because 
of the extra high pressure, the thickness of this header must 
considerably greater than the other headers. Excess amount of 
XHS is sent to High Pressure steam header after the pressure 
level is reduced. This reduction operation is supplied by a 
letdown station which exists between XHS header and HS 
header. 

High Pressure Steam (HS) is supplied by lowering the 
pressure of XHS header. The feed of the HS is XHS which 
extracted from the steam turbine. HS may be imported from 
other units into the high-pressure steam header to maintain 
overall steam balance. HS pressure level are between 400 psig 
and 800 psig [5]. A let down station must exist between 
medium pressure steam header and high-pressure steam header 
for maintaining pressure and steam balance in MS header. 

Medium pressure steam which denoted as MS is supplied by 
lowering the pressure from HS header, or by extracting exhaust 
steam from steam turbine. As high-pressure steam enters a 
turbine, it is partially converted to useful mechanical energy. 
Noncondensing operation utilize the exhaust steam in operations 
where lower pressure is required. The pressure level of the 
medium pressure steam is between 180 psig and 200 psig [4]. If 
any insufficient supply from the sources occur, then the letdown 
station which exist between HS and MS headers makes up 
balance of steam required at the MS header. 

Low pressure steam (LS) is supplied by lowering the 
pressure from the MS header, or by extracting from a steam 
turbine continuous blow down drum. The pressure level of low 
steam pressure is between 50 psig and 60 psig. The letdown 
station between the MS header and LS header maintains the 
balance of steam in the LS header. An automatic pressure 
controlled dump system with silencers is provided to dump 
excessive steam from the LS header to the atmosphere during 
plant operation upset conditions [5]. 
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Figure 1: Steam header network in Petkim 
 
The condensate recovery system is separated into clean 

condensate section which is routed to the deaerator, and 
suspect condensate section which is collected from steam 
users where the process side pressure is higher than the 
steam pressure. Also, suspected condensate collected in a 
drum is closely monitored for hydrocarbon contamination. 
Depending upon the results of analysis, the condensate is 
pumped through a carbon filter, and then routed to 
deaerator. 

III. EXERGY 

The concept of the exergy is based on the First and 
Second Law of Thermodynamics. In contrast to energy, 
exergy is exempt from the law of conservation. In real 
processes, exergy input always exceeds exergy output. This is 
due to exergy destruction, also called irreversibility or lost 
work. Every real process has exergy E losses leading to the 
reduction of the useful effect of the process or to an increased 
consumption of inputs from where the product was derived. 
The difference between exergy destruction or irreversibility 
and exergy waste or exergy flow to the environment is 
important [7]. Analysis of the destruction of exergy due to the 
inevitable irreversibility of real processes is crucial point due 
to the fact that main purpose in industry is increasing energy 
efficiency. The destroyed exergy is proportional to generated 
energy. 

Exergy provides a complete and coherent quantification 
to the quality of an energy form, and exergy content of 
different energetic streams: neglecting magnetic, nuclear, 
etc. effects, the general expression for the exergy of a 
stream is; 

stream thermal Emechanical Echemical Ekinetic potential    (1) 
 

 

 
where; 
Ethermal : Maximum work generated by a thermal power Q at 
T,  

=Q*(1-T0/T) 
Emechanical: Maximum work generated by a power P, = P 
Echemical: Maximum work generated by a chemical reaction 

The following equations are used to analysis of the whole 
system: 
Conservation of mass: min  mout = dmCV / dt (2) 
Conservation of energy: Ein  Eout = Esys (3) 
Exergy balance: ein  eout  eD = esys (4) 
Total exergy of a system: e = ePH + eK + eP +eCH (5) 
Physical Exergy: ePH = H - To s (6) 
Kinetic Exergy: eK = (1/2) mV2 (7) 
Potential Exergy: eP = mg z (8) 
Chemical Exergy: eCH = eoCH + (xi (ln xi)) (9) 

In the analyzed case, since there is no chemical reaction 
occurs in the system, chemical exergy is neglected. In 
addition to this, because of the fact that, there is no 
considerable level difference, thus potential exergy is also 
neglected. By taking into account the velocity changes in 
the headers, kinetic exergies are calculated. 

From the economical point of view of the exergy 
calculation equation, the net useful energy for which a cost 
has to be paid is obtained. The ecological implication of the 
exergy result shows that exergy is a measure of the 
departure from the environment. The enthalpy, entropy and 
the temperature in the equations above are explicitly 
referred to the conditions of the environment. Therefore, the 
seasonal temperature fluctuations affect the exergy analysis. 

IV. RESULTS AND DISCUSSION 

In this study, the exergy analysis has been performed in 
Petkim petrochemical industry steam headers. Specific flow 
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exergies of individual steam headers which transports steam 
at five different levels had computed. Furthermore, to 
assimilate the effect of environmental temperature on exergy 
analysis, seasonal exergy values are observed. As side 
objective, pressure drop values of each header had been 
determined for understanding the effect on the exergy analysis 
results 
All headers are segmented into parts like A, B, C etc. in the 
basis of diameter variations. Calculations of each header from 
which transports highest pressure steam to lowest pressure 
steam, in accordance to diameter variation are evaluated. 
Specific flow exergy values are calculated for each input or 
output point of the related header. Contrary to expectation, 
after calculation of kinetic exergy has finished, most of the 
end results was not so appreciable. Therefore, most of result 
has taken as negligible in specific exergy equation, except 
VCM and ACN units which are taking steam from HS header, 
and ACN unit which is taking steam from LS header. 
Consequently, these values are added to specific flow exergy 
calculation. The most significant specific flow exergy value is 
computed as 62346.30 kW in XHS header and these results 
are given in Table 2. 
 

Table 2. Extra High Steam pressure (XHS) header calculation 

results 

Section A 

Input/Output Output 

Unit NSC 

Flowrate (t/h) 71.4 

Velocity (m/s) 12.7 

Length (m) 530 

Diameter (inch) 10 

Pressure (bar) 99 

Temperature (oC) 495 

Specific Enthalpy (kj/kg) 3363.27 

Specific Entropy (kJ/kg.K) 6.58 

Kinetic exergy (kW) 1.64 

 -0.26 

 3064.68 

Exergy (kW) 62346.3 

 

Another case which investigated in this study is exergy 
variation depending on seasonal environmental conditions. 
Pressure values are taken constant as 1 atm for winter, 
normal condition, and summer. The extreme temperature 
values are chosen as -6.4oC, and 43oC for winter and 

petrochemical industry is located. The exergy variations in 
seasonal basis for XHS, HS, MS, and LS headers can be 
seen in Figure 2, 3, 4, and 5 respectively. As a result, 
contrary to expectations, change of the environmental 
temperature effect is not remarkable for exergy calculations.  

 
 

 

 
 

Figure 2. Graphical representation of seasonal exergy 
changes of XHS header 

 

  
Figure 3. Graphical representation of seasonal exergy 

changes of HS header 
 

  
 

Figure 4. Graphical representation of seasonal exergy 
changes of MS header 
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Figure 5. Graphical representation of seasonal exergy 
changes of LS header 

 

V. CONCLUSION 

 
Exergy analysis is a useful method which yields to 

versatile result for the applied processes. In this project 
exergy analysis has been implemented to Petkim steam 
header network. Furthermore, effect of alteration on 
environmental temperature has been examined. Besides 
that, the constitutive purpose of this study is the 
investigation of the location where exergy loss is 
significant. After these results have been obtained, some 
recommendations have been done for the minimization of 
exergy loss. 

The exergy analysis results which obtained at different 
environmental temperature have shown that, the seasonal 
temperature changes have not affected the exergy analysis 
results significantly. 

The main reasons of exergy destruction can be 
summarized as; irreversible events during the process, 
leakage, pressure drop in flowing fluid, possible heat 
transfer and finally, presence of friction. In this analyzed 
case, the highest exergy loss is observed as 62346.3 kW at 
XHS header which used by the NSC plant. As an important 
issue, in this study, it is seen that pressure drop of flowing 
steam has not affect the exergy loss in a considerable extent. 
Since the highest pressure drop value is calculated at LDPE 
plant HS header usage point as a value of 2.045 bar, 
pressure drop effect has not been accepted as a source of 
irreversibility. 

According to the reasons which are mentioned above, 
exergy losses can be eliminated by applying better 
insulation to the system, determining and eliminating the 
possible leakages throughout the piping and minimizing the 
friction losses. Also, instead of injection of cold water for 
letdown, turbines can be added to the steam network for 
increasing the availability of the work, converting the dead 
energy into the shaft work to get the maximum possible 
benefit from an unexpected source. 

It is expected that, this study will help for improvement 
of the methods that has been used for exergy analysis and 
applications which minimize the exergy loss at the steam 
networks. 
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Abstract - Aluminum foam is preferred in filling crash-boxes 
for its superior properties, particularly light weight and high 
energy absorption capacity. In this study, compressive behavior 
of closed cell aluminum foam was investigated. Compressive tests 
were performed and analyzed to construct a numerical model. 
Compressive test simulations were carried out to validate the FE 
model later to be used for crash analyses. In the crash analyses; 
foam-filled, partially foam-filled and empty crash-box 
configurations were examined. The results showed that the foam-
filled configurations exhibited higher plateau stress, accordingly 
higher energy absorption as well as longer impact time, assuring 
reduced deceleration and a lower final impact force compared to 
the empty box. Partial filling was found to decrease the initial 
impact force and increase the compressibility when compared to 
complete foam-filling. 

 
Keywords - aluminum foam, foam-filled structures, crash-box, 

energy absorption, FE model 

I. INTRODUCTION 

Thin-walled tubes are commonly used as crash-boxes in 
automotive engineering for the purpose of absorbing impact 
energy. Being located between the bumper beam and the front 
rail of the vehicle, they protect the passengers and the high 
cost components behind it while absorbing the kinetic energy 
of the crash. Local buckling of these structures when being 
subjected to axial compression provides a large energy 
absorption capacity while keeping the force levels low [1]. 

 
Porous metallic foams are advanced materials which are 

recently preferred in filling of crash-boxes to enhance its 
energy absorbing capacity. One of the important 
characteristics of the aluminum foam is exhibiting high 
compressibility at an almost constant stress, which is called as 
plateau stress [2]. 

 
Various research topics on foam-filled crash-boxes are 

found in the literature such as loading conditions- e.g., loading 
angles [3], the shape and geometric parameters of the foam-
filled crash-boxes [4,5] have been studied so far. Limited 
studies are found on the literature on partial foam-filling of 
crash-boxes: [6,7] studied the partially aluminum foam-filling 
of crash-boxes, whereas in [8] polystyrene foam was used 
instead of aluminum foam. 

 
In this study, closed cell aluminum foams were provided 

from a local manufacturer and compression tests were carried 
out for numerical model constitution. The validity of the 
material parameters introduced to the FE software was realized 
by comparing the experimental and numerical force-
displacement curves of the compression tests. The determined 
material parameters were used in impact modelling of foam-
filled, partially foam-filled and empty crash-boxes. 

 

II. MATERIALS AND METHOD 

Closed cell Al foams, which were produced by melting 
method by using CaCO3 foaming agent in AluPam facilities, 
were cut from ingots by using a band saw and specimens for 
compression tests were obtained. 

 
Compression tests were carried out to form the stress-strain 

graphs to be used for constitutive modelling of aluminum 
foam. Cubic specimens dimensions were 30*30*30 mm and 
crosshead speed was 20 mm/min. This speed satisfies the 
strain rate  = V  l, where V is the test speed and l is the 
original length of the specimen) range recommended in the 
standards which is 10-3 to 10-2 s-1. 

III. RESULTS AND DISCUSSION 

 
Compression tests results and numerical modelling 

 
Compression test results for the 5 specimens are given in 

Figure 1. Due to the chaotic structure of aluminum foam, 
curves exhibited some difference. An average curve was 
calculated by using these 5 curves. 

 

Numerical modelling of aluminum foam for 
comparing foam-filled, partially foam-filled 

and empty crash-boxes 
B. 1 and C. 2  
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Figure 1: Compression test curves for aluminum foam specimens: 
(a) Force-Elongation, (b) Stress-Strain 

 
Linear isotropic elasticity and crushable foam plasticity 

were defined for constitutive modelling of aluminum foam in 
Abaqus. Elastic modulus was determined from the slope of the 
initial linear part of the stress-strain curve (see Figure 2). 
There is almost no lateral expansion when foams are 
compressed, thus elastic and plastic Poisson ratios were 
assumed as 0. 

 
Abaqus crushable foam model is based on Deshpande and 

as:  
 

      (1) 
 
Here  is equivalent strain, p,  2 and are material 
parameters. Densification strain can be evaluated by the 

f f0). 

                 (2) 
 

Volumetric and isotropic hardening options are available in 
crushable foam plasticity. Isotropic hardening rule was used, 
since for compression-
are similar. It is seen in Figure 3 that our results also showed 
no difference between two options for the foam material 
tested.  

 
For isotropic hardening, compression yield stress ratio (k), 

which is the ratio of initial yield stress in uniaxial compression 
to the one in hydrostatic compression, is required. It is stated 
to be between 0 and 3 in [10]. Due to the absence of 
hydrostatic compression test data, value of k should be 
estimated. The effect of k was investigated by varying its value 
in the specified range (see Figure 3). The difference was 
insignificant, thus k was assumed as 1, which means the initial 
yield stress in uniaxial compression equals to the initial yield 
stress in hydrostatic compression. The limited experimental 
data in [2] revealed that nominal stress-strain curves from 
uniaxial compression and hydrostatic compression tests are 
similar with the hydrostatic ones having slightly higher 
hardening.  

 
 

 
 

Figure 2: Deformation regimes observed for the aluminum foam 

y d refers to elastic modulus, 
yield stress and densification strain, respectively.) 

 
True stress-true strain values above yield stress are required 

for isotropic hardening input. According to [2], the yield stress 
of the foam should be taken as the initial peak stress if there is 
one; otherwise, it should be taken as the stress at the 
intersection of two slopes of the initial loading and the plateau 
stress. Confirming with the latter definition, the yield stress 
was determined from the intersection of the slopes of the 
elastic and plastic (plateau) regions as seen in Figure 2. 
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Our results showed that when true stress-true strain values 
were used for hardening, there is a significant difference 
between the experimental and numerical force-elongation 
curves and the curves started to diverge at the initial stages of 
the plateau. Due to the fact that Poisson ratio is almost zero, 
true stress should equal to engineering stress. In Figure 2, it is 
seen that numerical and experimental curves are in better 
agreement when engineering stress-true strain values were 
used for hardening input. For plastic strains greater than the 
last user specified values, Abaqus extrapolates stress-strain 
data based on the last slope [10]. Accordingly, when the 
hardening input was cropped before the densification strain so 
as to have the slope of the plateau as the last slope, a better 
agreement was found between the last parts of the numerical 
and experimental curves. 
 
Crash Analysis  

 
Abaqus explicit solver was used for the crash analyses of the 
foam-filled, partially foam-filled and empty crash-box 
configurations where 100%, 80% and 0% fullness ratios 
existed respectively.  In Figure 5, the assembly consisting of 
lower plate, upper plate and the crash-box is demonstrated. 
Crash-box had a rectangular section with dimensions of 100 
mm x 50 mm and its height was 100 mm. It was composed of 
an aluminum skin outside and the aluminum foam inside. Skin 
was modeled as a shell part and upper lower dies as analytical 
rigid bodies to reduce the computation costs. The skin was 
assigned with a 2 mm shell thickness and the element type 
used was S4R which is a 4-node doubly curved thin or thick 
shell, reduced integration, hourglass control, finite membrane 
strains. Foam was modelled as a solid and meshed with 
C3D8R which is an 8-node linear brick, reduced integration, 
hourglass control. Enhanced option was selected for hourglass 
control to avoid excessive distortion problems. The reference 
point of the upper die was assigned with an initial velocity of 
5.6 m/s and a point mass of 570 kg. Explicit general contact 
enabling self-contact was utilized for the whole model. After a 
sensitivity check, an optimum element size of 2-5 mm was 

used for all models. Element size was increased in case of 
convergence problems. 
 

In Figure 5, deformed profiles of the crash-boxes are 
demonstrated. The folding characteristics were similar for 
foam-filled and the partially foam-filled crash-boxes for which 
two folds close to the upper and lower dies started almost 
simultaneously. For the empty crash-box, a fold initiated from 
the bottom similarly, but a greater bulging occurred along the 
crash-box progressively. At the final stage, empty crash-box 
was compressed to a higher displacement, since in foam-filled 
versions, at some point, compressibility of the foam was 
reached. 

 
Empty crash-box with a low crushing force and a shorter 

impact duration resulted in a higher final impact force. Figure 
6 depicts the impact force-displacement curves for the foam-
filled, partially foam-filled and empty crash-boxes. When the 
overall behavior in Figure 6(a) is investigated, it is seen that 
empty crash-box exhibited a low plateau force and a shorter 
impact duration (see Figure 7), which resulted in a higher final 
impact force.  

 
When the initial part of the force-displacement force is 

zoomed, it is observed that for the empty crash-box, initial 
force started with a lower plateau compared to the filled 
versions and continues in the same force level till the final 
impact force. The partially foam-filled crash-box had a lower 
initial impact plateau, which increased to the plateau force 
level of the foam-filled crash-box in the advancing stage.  
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Figure 3: Comparison of the experimental and numerical force-elongation curves 
 
 

 
 
 

Figure 4: FE model constituted for the crash analyses 

Table 1. Mechanical properties of the aluminum foam used in crushable foam model 

 
density 
[g/cm3] 

elastic modulus (E) 
 [MPa] 

elastic and 
plastic Poisson 

 

yield stress 
 

[MPa] 

initial yield stress in uniaxial 
compression test /initial yield stress in 

hydrostatic compression test (k)  
 [-] 

0.414 67 0 2 1 
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Figure 5: Deforming profiles of (a) foam-filled, (b) partially foam-filled, and (c) empty crash-boxes for crash times t=0, 6.4x10-3 sec and 
1.8x10-2 sec, respectively 

 
 
 
 

  
 

Figure 6: Impact Force-Displacement curves of foam-filled, partially foam-filled and empty crash-boxes: (a) whole impact duration, (b) 
zoomed for the initial stage 
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Figure 7: Energy-Time and Impact Force-Time curves for foam-filled, partially foam-filled and empty crash-boxes 

 

The Energy-Time and Impact Force-Time curves for foam-
filled, partially foam-filled and empty crash-boxes are given in 
Figure 7. The advantage of foam-filling of crash-box is 
obvious in Figure 7, where absorbed energy values can be 
compared for the different configurations. Foam-filled crash-
boxes had a considerably higher energy absorption with the 
partially-filled one having a slightly lower energy, because of 
the higher plateau stress and the longer impact duration of 
fully foam-filled crash-boxes. 

 
IV. CONCLUSION 
 

In this study, compression tests of a closed aluminum foam 
was carried out for establishing the numerical modelling of 
foam-filled crash-boxes. The material parameters derived from 
compression tests were utilized in FE model and the numerical 
and experimental force-displacement curves of the 
compression tests showed good agreement revealing the 
validity of the FE model. The constitutive model was used for 
impact modelling of foam-filled, partially foam-filled and 
empty crash-boxes. Foam-filled crash-boxes exhibited superior 
impact properties such as higher plateau force and longer 
impact duration which results in a much lower final impact 
force. Partially-filling was found to decrease the initial plateau 
force without compromising on the absorbed energy. 
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Abstract - In this study, the effect of heatless furniture such as 
sofa-bed on thermal efficiency of panel radiator has been 
examined numerically. For this purpose, three different sofa-beds 
locations including; side-side, front-side and front-opposite cases, 
are simulated in 3D room by using Star CCM+ software. The 

the end of 1800 seconds. It is suggested that, there is no 
significant effect on the thermal efficiency of the radiator when 
the furniture is located in front of the radiators leaving a certain 
gap ignoring the radiation.  
 

Keywords - Numerical Analysis, Heating of Room, Panel 
Radiator, Thermal Efficiency 
 

I. INTRODUCTION 

HE panel radiators are commonly used for heating of 
living environment such as home, school, workplace etc. 

The heating of the radiator surface is obtained due to 
circulation of the water (40-
the space heating is obtained owing to the natural convection 
between the radiator surface and air in space. The air flow is a 
low rate for the natural convection. Therefore, the flow may 
be affected by the furniture we use in our daily life in living 
spaces. The location of the furniture may need to be taken into 
consideration for the thermal efficiency. In this study, this 
thermal efficiency of the radiator, affected by the furniture 
location, is examined numerically.  

Horikiri et al. [1] studied numerically the effect of furniture 
location in terms of thermal comfort by using a 3-D ventilated 
room. They indicated that the presence of non-heat generating 
furniture in the room can initiate complex flow re-circulations 
and high regional velocities of the air around the edge of the 
furniture. They found a little influence on temperature 
differences between with furniture and unfurnished rooms. 
Brady et al. [2] examined the effect of the magnetic decorative 
cover on the heat output from a radiator. They suggested that 
magnetic radiator covers can be used for improving heating 
system energy performance. Kibar [3] performed to examine 
the effect of the emissivity of the wall, placed behind the 
radiator. Kibar and Veziroglu [4] and Ucler et al [5] 
investigated numerically and experimentally the effect of the 
obstacles on the thermal efficiency of the radiator, 
respectively. Sevilgen and Kilic [6] performed thermal 
comfort using a manikin in a room with panel radiator. They 
indicated that thermal comfort can be enhanced by using 

better-insulated outer walls and windows. In all of these 
studies, it has been mentioned that the air circulation and thus 
the radiator efficiency is affected by the preventing the air 
circulating around the radiator. 

The heat transfer from the panel radiator to the room is 
occurred mostly by natural convection. There is an amount of 
heat transfer by radiation. The radiation heat transfer can be 
insignificant for the low temperature of the radiator. 

 

II. NUMERICAL MODELLING 

An incompressible Navier Stokes equation was solved 
numerically to examine the gas flow in a 3D space by using 
the commercial software Star CCM+. The Boussinesq 
approximation is used commonly for the natural convection 
combined with the Navier-Stokes equations [7]. The natural 
convection is achieved due to change in density of the gas 
with the temperature. Therefore, the buoyancy force term was 
approximated using the Boussinesq model, as defined in 
Equation (1).  
 

 (1) 

 
where g and  are the gravitational acceleration ( z) and 
density, respectively. Tref is the operating temperature,  is 
coefficient of thermal expansion. There is no fluid entrance 
and exit to the model space. The fluid was determined as ideal 
gas. The physical properties of fluid were determined as a 
constant, except for the buoyancy force term. 

 
The flow is governed by conservation equations of the 

continuity (Equation (2)), momentum (Equation (3)) and 
energy (Equation (4)).  

 
Continuity equation: 
 

 (2) 

 
Momentum equation: 
 

 (3) 

 
Energy equation: 
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(3) 

 
where , p,  and fb are the dynamic viscosity, the pressure, 
the velocity vector, the external force, respectively. E and H 
are the total energy and enthalpy, respectively. T and keff are 
the temperature and the effective thermal conductivity, 
respectively. SU is the source of energy. The governed 
equations were solved by using SIMPLE algorithm and the 
second order upwind scheme. The flow was considered as 
turbulent and k- odel was used. The convective 
heat transfer is only considered. The radiation heat transfer is 
neglected in the present study. 
 

A. Boundary conditions and mesh domain  

In this study, the effect of the occupants and furniture such 
as sofa-bed on radiator efficiency is examined numerically 
using the Star CCM+ software [7]. The analysis is performed 
in 3D model, which is in 4.5x3.5x2.7 m (length x width x 
height), as shown in Figure 1. Three different cases for sofa-

beds locations (front-side, front-opposite and side-side) were 
used according to the radiator. The sofa-beds were located 
0.15 m in front of the radiator. The window dimensions were 
taken as 1.8 m width and 1.3 m height. There was a 0.15 m 
gap between the window and outside wall. The panel radiator 
was determined as in 1.2x0.6x0.1 m dimensions with empty 
interior. Therefore, the total surface area of the radiator was 3 
m2. The sofa-beds and door are 2.2x0.8x1.1 m and 2x1x0.05 
m in dimensions, respectively. Heat transfer (loss) is occurred 
only through the window and the wall where the window is 
located. All other walls, sofa-beds and door were determined 
as adiabatic. The temperatures of the radiator, outside wall and 

analysis, respectively. The initial temperature of the volume of 

as 1 second. The simulation was carried out at 1800 seconds.   
 
Hexahedral cells were for the mesh structure, as shown in 

. The fine mesh was 
used around the radiator using the volumetric control. The 
largest and smallest sizes of the hexahedral elements are 7.5 
and 0.5 cm, respectively.  

 
a) b) c) 

 
Figure 1: Geometrical models of the simulations. a) front-side b) front-opposite c) side-side.  

 

 
 

Figure 2: Mesh domain as a) opaque and b) transparent appearances.  
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III. RESULTS  

Figure 3 shows the average temperatures of the room at 
the end of the simulations for all three cases. The 
temperatures increase almost at a same rate for all cases. 

front-side, front-opposite and side-side cases, respectively. 
These results indicate that the thermal efficiency of the 
radiator increases slightly when the sofa-bed is located in 
front of the radiator.  
 

 
 

Figure 3. Average temperature of the room with respect to the 
time. 

 
Figure 4 shows the temperature distributions of three 

cases. The temperatures are adjusted in the range of 15 to 

color. The window is seen as blue because of the fixed 
temperature. The air in contact with the radiator surface 
warms up its temperature and rises due to reduction in 
density. Therefore, the highest temperature is occurred at 
the ceilings for all cases, as shown in Figure 4. There is no 
significant effect of sofa-bed locations on the temperature 
distribution. Note that the natural convective heat transfer is 
only considered for the thermal efficiency. The thermal 
comfort (especially depends on the radiation) is out of the 
scope of this study. 

 
Figure 5 shows the air velocity as a streamlines. When 

the sofa-beds are located in front of the radiator (Figures 
5b,c), the maximum velocity of the rising air above the 
radiator is higher than the side-side case (Figure 5a). Some 
amount of the rising air spreads to the sideways in the case 
of side-side case, as seen in Figure 5a. The air which 
spreads forward at the ceiling turns back just below the 
forward spreading air after it reaches the opposite wall. The 
circulation of the air is occurred close to the ceiling.  

 
 

a)                      b)        c) 

 
 

Figure 4. Temperature distributions in the rooms, a) side-side, b) front-opposite, c) front-side conditions. 

 
a) b) c) 

 
 
Figure 5. a) side-side, b) front-opposite, c) front-side conditions. The temperature ranges for the floor, sofa-beds, radiator and door are from 

 

 
The air flow behind the rising air is occurred from in 

front of the radiator in the case of side-side sofa-beds. 
However, the air flow is occurred from the sides of the 

sofa-beds in other two cases. The rising heated air spreads 
forward at the ceiling in the room. There is an inverse air 
flow just below this spreading, as seen in Figure 6. This can 
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be concluded from the blue color in the regions near the 
ceiling. The blue color indicates the inverse flow in Figure 
6. This inverse flow is occurred mostly near the side walls. 
In the front-side case, there is a sofa-bed at the one side 
wall while the other side is empty, as seen in Figure 6c. 

Thus, the inverse flow is larger at the empty side than sofa-
bed side. This event produces the asymmetric flow, while 
the other two cases have a symmetric flow. 

 

 

 
 
Figure 6. a) side-side, b) front-opposite, c) front-side conditions. Velocity magnitude iso-surface of 0.015 m/s colored with x-velocity. Only the 

negative velocity (-x) is considered. The red and blue colors indicate higher and below temperature than 0 and -0.015 m/s, respectively.  
 

IV. DISCUSSION  

The air flow is an important for the efficiency of the 
heating especially for the natural convection systems such 
as panel radiators. The efficiency of the radiator may be 
affected by the obstructing of the air flow. The air which 
contacts with the radiator warms up and rises due to 
decrease in its density. The lower temperature air below the 
rising air takes place this rising air. It is an important point 
that the flows of rising air and taking place air should not to 
be prevented. When the sofa-bed is located in front of the 
radiator with an adequate distance, the air flow occurs from 
the sides of the sofa-bed. Therefore, if there is an enough 
gap between the radiator and the furniture, the efficiency of 
the radiator is not almost affected. These results are valid 
for the thermal efficiency with respect to the temperature 
distribution in the room. The results may be affected by 
consideration of the radiation heat transfer especially for the 
high radiator temperature. 

 

V.    CONCLUSION 

In this study, the effect of the furniture on the thermal 
efficiency of the radiator is investigated numerically. If 
there is a sofa-bed in front of radiator, the rising velocity of 
the air above the radiator is high compared to the side sofa-

is a sofa-bed at the one side. Despite all these slight 
differences, the thermal efficiency of the radiator (ignored 
radiation) is almost same for all cases. These results 
indicate that if there is enough gap between the furniture 
and the radiator, the thermal efficiency of the radiator is not 
almost affected.  
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Abstract - Euler equations are solved by means of an efficient 
and robust finite volume scheme, Convective Upwind Split 
Pressure (CUSP) Scheme on multi-block grids. Cell-centered 
discretization technique is employed. Multistage time stepping 
algorithm is used to advance the solution in time. Acceleration 
techniques including local time stepping and implicit residual 
smoothing are applied for faster convergence to steady state. The 
flux at the cell faces is computed using MUSCL approach. 
MUSCL is enhanced by employing Van Albada limiter to 
suppress oscillations in regions of sharp gradients. Attention is 
directed towards the accuracy, convergence. Numerical results 
demonstrate the present Euler solver can be used for evaluating 
complex geometries using multi-block grids.  

 
Keywords - Euler Equations, HCUSP Scheme, Multistage 

Time-stepping, MUSCL Approach, Multi-block Grids. 
 

I. INTRODUCTION 

AVIER-Stokes equations govern the flows of viscous, 
heat-conducting fluids. In the limit of vanishing 

dissipation terms, Euler equations governing the flows of 
inviscid, adiabatic fluids are resulted. Due to exclusion of the 
diffusive effects, the applicability of the Euler equations for 
real flow simulations is limited. However, the dominating 
convective character of most flow situations at high Reynolds 
numbers advocates the importance of their accurate numerical 
simulation. Most methods used for discretization of convective 
part of the Navier-Stokes equations are same as the methods 
based on Euler equations. Also, the difficulties with 
discretization and solution procedure regarding the non-linear 
convective terms, are kept in Euler equations. Hence, 
development of an Euler solver is of great importance for the 
construction of a Navier-Stokes solver. Solutions of Euler 
equations are needed for various reasons such as for providing 
unique shock solutions for flows in converging-diverging 
ducts, for determining the rotational flow field behind a shock 
past a wing or nacelle, etc. With its current position, Euler 
solvers are widely used in a variety of applications for flows 
with complex geometries. 

However, the generation of a single, computationally 
efficient grid on which flows over complex geometries can be 
computed, would be a major problem. In order to solve flows 
around complex geometries, implementation of multi-block 
strategy is a common approach [1-3]. With this strategy, 

computational domain is partitioned into multiple subdomains 
(smaller blocks) of varying sizes such that these blocks 
conform to the surface of the geometry and avoids the 
topological problems due to complexity of the geometry. Two 
layers of ghost cells surrounding each block are built by 
extending the discretization stencil beyond the computational 
domain. The flow solver is applied to each block, and the 
blocks communicate through interface boundaries. If the 
interface boundaries are treated accordingly, the scheme 
behaves the same as it does for a single-block formulation [4, 
5]. 

In the current work, two-dimensional Euler solver based on 
cell-centered finite volume discretization technique is adapted 
to work on multi-block grids. Use of conservation form of the 
governing equation in finite volume discretization technique 
allows the shock waves to be captured as weak solutions to the 
governing equations and application of shock-fitting 
techniques is not needed further. Convective terms were 
evaluated using CUSP scheme [6]. Upwind schemes, in which 
discretization is based on the characteristics of Euler 
equations, have the advantage of being naturally dissipative. 
Separate dissipation terms are added in central schemes to 
overcome oscillations arising in regions of strong gradients. In 
the cell-centered scheme, the flow variables are located at the 
cell centers. The flux vectors at the midpoint of a cell face are 

ed from left and right side of the 
cell face using a non-symmetric formula. A famous choice for 
interpolation, which is known as Monotone Upwind Schemes 
for Scalar Conservation Laws (MUSCL) was used [7]. 
MUSCL was enhanced by using Van Albada Limiter [8] in 
order to suppress the non-physical oscillations of the solution 
near the regions of strong flow gradients. Time integration to 
steady state was done by using five stage hybrid schemes, in 
which dissipation terms can be evaluated at odd stages only to 
decrease the computational work and are blended to increase 
the stability of the scheme. However, the convergence of the 
basic scheme slows down considerably due to time step 
limitation associated with the small mesh cells. This 
disadvantage was overcome by applying two acceleration 
techniques such as local time-stepping and implicit residual 
smoothing. 
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II. GOVERNING EQUATIONS 

The integral form of the Navier-Stokes equations can be 
written as 

 (1) 

where , , and , are the vectors of conservative 

variables, convective and diffusive fluxes:  

    (2) 

with the contravariant velocity V defined as  

. (3) 

For flows of inviscid, adiabatic fluids , Euler equations 

are resulted. The total enthalpy H is computed as 

 (4) 

Assuming air as an ideal gas, pressure reads 

 (5) 

and temperature is computed using equation of state. 
 

III. SPATIAL DISCRETIZATION 

Discretization of the Euler equations in integral form is 

obtained by subdividing the computational domain  into 

separate hexahedral finite volumes  

finite volume separately. For a particular 2D control volume 
whose volume does not change with time, equation (1) 
becomes 

 (6) 

I, J locate the particular control volume and NF denotes the 

number of control volume faces.  denotes the area of the 

face m. After writing the equation (6) for all control volumes, 
a system of ODE of first order (which can be solved by 
advancing in time starting from a known initial solution and 

solution can be reached iteratively: 

 (7) 

where . 

 . The finite volume 

discretization requires an evaluation of the convective fluxes at 
each cell face. In this work, convective fluxes are evaluated 
using Convective Upwind Split Pressure Scheme [6]:  

This scheme was introduced by Jameson [6, 9, and 10] and 
modified by Tatsumi, Martinelli, and Jameson [11]. It belongs 
to a family of schemes based on a splitting of the flux vector 
into convective and pressure flux contributions. The CUSP 
scheme has several advantages. First, it can be considered as a 
type of artificial viscosity, since it is defined as a sum of the 
central flux average plus a dissipative flux. Hence, it can be 
used with a various time-stepping schemes. Second, the CUSP 
formulation can be used with multistage schemes, which do 
not evaluate the artificial dissipation fluxes at every stage, in 
order to reduce computational work. Another advantage of the 
CUSP scheme is that it can be easily combined with 
preconditioning, since preconditioning is based on the inviscid 
flux form and not the artificial dissipation. The CUSP scheme 
is specifically developed for oscillation-free, single-interior-
point shock capturing, and provides low dissipation for low 
Mach numbers. Total convective flux at the face of a control 
volume is computed as 

 (8) 

The dissipation term includes a linear combination of the 
differences of the state and the flux vector. 

 

            (9) 

The above formulation is called HCUSP scheme, since the 

total enthalpy is preserved [12]. The two parameters  and 

 are defined as 

 (10) 

 (11) 

where 
n

 and the positive and negative eigenvalues 

are given as 
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 (12) 

where  is the contravariant velocity,  is the specific heat 

coefficient, and  is the speed of sound. All flow variables in 

equations 8-11 are obtained at the cell faces using Roe 
averages [13, 14].  

 
In upwind schemes, left and right states are evaluated using 

MUSCL approach [7], which reads 

 (13) 

where . (14) 

In the above formulations,  is slope limiter and  is the 

limiter function. For ; selecting  and 

 corresponds to Van Albada Limiter [8]. Hence, 

MUSCL interpolation gives 

 (15) 

where , and . 

The parameter  prevents the activation of the limiter in 

smooth flow regions due to small-scale oscillations [15]. 
 

IV. TEMPORAL DISCRETIZATION  

For steady problems with cell-centered discretization, basic 
explicit scheme is written as 

 (16) 

For five-stage hybrid scheme, where the dissipative terms are 
evaluated at odd stages, the spatial discretization is split into 
two parts 

 (17) 
The first part contains discretization of the convective fluxes. 
The second part is composed of the numerical dissipation. 

 (18) 

 

Then, the hybrid multistage scheme reads 

 

 

 

 (19) 

 

 
where  

 (20) 

 
 
Table 1 presents stage coefficients and blending 

coefficients  in case of (5-3) hybrid scheme. 

The basic explicit time-stepping scheme is further 
accelerated by local time stepping and implicit residual 
smoothing (IRS). With local time stepping, the solution at each 
cell is advanced at the maximum  allowed by the stability. 
Implicit smoothing of residuals is used to extend the stability 
range of the basic scheme.  
 

Table 1. Hybrid Multistage scheme 

 Upwind Scheme 

Stage   

1 0.2742 1.00 
2 0.2067 0.00 
3 0.5020 0.56 
4 0.5142 0.00 
5 1.0000 0.44 

 
Jameson and Baker [16] first introduced the residual 

smoothing technique with the aim to give the explicit scheme 
an implicit character. Maximum allowable CFL number is 
increased considerably. IRS reads  

 (21) 

 

where ,  denote the residuals in I, J directions. 

Smoothing coefficients read [11]  

 (22) 
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 is taken. The maximum ratio of the CFL numbers 
of the smoothed and unsmoothed scheme is dependent on the 
value of the smoothing coefficient,  

 (23) 

The ratios of the convective spectral radii read 

 and  (24) 

 

V.  BOUNDARY CONDITIONS: 

Boundary conditions are treated by using two layers of 
ghost cells, which are built by extending the discretization 
stencil beyond the computational boundaries. At the solid wall, 
flow tangency is maintained and the normal derivative of 
temperature is zero (adiabatic wall). The wall pressure is 
obtained by extrapolation from the interior domain. A 
continuity condition is enforced along the wake cut in the C-
type grid. Characteristic boundary condition is applied to the 
far field boundaries. At the block interfaces of each block grid, 
flow information is transferred by the help of ghost cells.  
 

VI. COMPUTATIONAL RESULTS 

The numerical results given here demonstrate the accuracy 
and computational efficiency of the present solver for inviscid 
flows on multi-block grids. For all computations, two-block 
grid that forms a C-type computational grid including 192x32 
cells with 128 cells on the airfoil, and 32 cells in the wake is 
used (figure 1). The outer boundary is located 15 chords away 
from the airfoil. The grid spacing next to the wall is 5x10-3 
chord lengths (figure 2). The CFL number of 4.5 is used on all 
each block grids. Convergence is monitored using L2 norm of 
density residual. All computations were performed on a PC 
including 8 Gb memory and two GHz CPU running Windows 
10. 

Test case involves transonic flow past a NACA 0012 airfoil 
at free stream Mach number of 0.8 and incidence angle of 1.25 
degrees [17].  

Convergence and lift histories are shown in figure 3-4. 
Convergence is attained in the computations. Iso-Mach 
contours varies smoothly across each block interfaces (figure 
5).  

 

 
Figure 1 Multi-block grid layout. 

 

 
Figure 2 Computational grid around NACA 0012. 

 

 
Figure 3 Convergence history. 
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Figure 4 Lift history. 

 

 
Figure 5 Iso-Mach contours with M=0.05 

 

VII. CONCLUSION 

A multi-block strategy is implemented into an existing two-
dimensional Euler solver in order to solve flows past complex 
geometries. Transonic inviscid flow past NACA 0012 airfoil is 
computed on two-block grid as a test case. Convergence is 
attained in the computations. Numerical results agree well with 
those available in the open literature and they indicate that 
multi-block strategy is successfully applied. Evaluation of 
diffusive fluxes will improve the reliability and flexibility of 
the present multi-block solver as an engineering tool for 
handling viscous flows as well.  
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Abstract - A photovoltaic thermal (PV/T) system is a compact 
cogeneration system that derives its electrical and thermal 
energies from sun. Electrical energy is provided by the PV 
module integrated with thermal collector which is cooled with 
fluid flow. The fluid carries the thermal energy due to heat 
transferred from surface covered with PV cells. A vast amount of 
research has been dedicated to increase the total performance of 
PV/T collectors by using many different approaches. So far, the 
overall performance of these systems approached to a notable 
success. But, recent developments can only result a small increase 
in efficiency of the system and their single usage is well 
established. Thus, newer PV/T driven multi-generation systems 
have drawn attention. In these systems, heat and electricity are 
partially or completely provided with PV/T collectors. 
Economical and thermal analyses of these systems have been 
studied by several researchers. Most of these systems have 
conceptual designs and only simulations have been presented in 
order to evaluate their performance. On the other hand, smaller 
designs have already been constructed such as PV/T driven solar 
driers and heat pumps. According to results, using PV/T 
collectors for power supply to other systems is a successful 
approach and have great potential for the future. Moreover, the 
overall payback period for a typical PV/T driven system is 
estimated to be under 4 years. 
 

Keywords - PV/T collectors, thermal and electrical efficiency, 
multi-generation systems, solar drier, heat pump.  

 

I. INTRODUCTION 

This paper reviews photovoltaic thermal PV/T powered 
combined systems. These systems have gained so much 
attention due to their wide application range. PV/T collectors 
are one of the most preferred renewable energy sources which 
can harvest solar energy. They can efficiently produce 
electricity and low grade thermal heat [1]. Thus, overall 
efficiency of these systems is always higher than single PV 
modules. Simple flat plate PV/T collector is a binary unit 
where electricity is produced by PV units and thermal energy 
is gained by thermal collector [2, 3]. Remarkable 
developments have been done on a basic system including 
concentration of solar light, using facades, using different 
fluids and modified new designs [4].  
Nowadays this attention has been turned to a different 

direction since the improvements for the PV/T systems are 
somewhat limited. For example, the output temperature of the 
PV/T system changes significantly among seasons and can get 
limited values. Or the value of the heat and electricity 
produced by PV/T systems are lower compared to other power 
generation systems. Thus, the expectations from outputs of the 
PV/T collectors are well known. The electricity output for 
PV/T collectors are well studied [1, 5, 6]. On the other hand, 
these energies can be used as inputs for other cycles. Recently, 
the possibility of using PV/T systems as power suppliers for 
different systems are being evaluated. Herein, several studied 
will be covered. 

II. SIMULATION STUDIES 

Simulation studies has taken the most part of the literature on 
PV/T driven systems. The economical and thermal studies are 
realized based on thermal and electrical models of PV/T 
systems and the mathematical model of integrated system. A 
typical PV/T collector is integrated to a seawater desalination 
system [7]. This type of system is designed for suburban 
places of Europe. Main components of the multi-generation 
system are a PV/T collector, multi-effect distillation unit and 
LiBr-H2O absorption system. The schematic view of the 
combined system can be seen from Figure 1.  

 
Figure 1: The schematic view of PV/T driven seawater 

desalination system [7]. 

 
The heat generated from the PV/T collector can be directly 

used to heat domestic water or it can be sent as an input for 
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absorption chiller. On the other hand, hot fluid can be used for 
the seawater desalination application. Maximum efficiency is 
observed during summer when the energy is used for the 
desalination system. However, winter performance is seen to 
be insufficient. Similar analyses are applied to a system 
consisted of absorption chiller and heat pump where both of 
them are driven by PV/T [8]. It was found that approximately 
83% of the incoming solar energy can be utilized with total 
energy efficiency of 49%. The collaboration of PV/T 
collectors and absorption refrigeration system is taken so much 
attention [9]. This is a natural result to meet cooling demand of 
a particular house. Basu and Ganguly designed a simple PV/T 
driven absorption refrigeration system as seen in Figure 2.  

 
Figure 2: The schematic view of PV/T driven absorption 

refrigeration system [9]. 
 

The system is able to provide 17.4kWh of energy per day on 
average with payback period less than 4 years. A simulation 
study is conducted based on the green school concept where 
the energy is supplied by PV/T collectors [10]. Heat pump and 
storage tanks are also added to the installations. The study has 
revealed that there are economic advantages for the country as 
a result of application of this project.  proposed a 
hydrogen production system powered with PV/T [11]. The 
system is consisted of Proton Exchange Membrane and PV/T 
collector as seen from Figure 3. 

 
Figure 3: The schematic view of PV/T driven absorption Proton 

Exchange Membrane [11].  

 

Exergy efficiency of the system and hydrogen production rate 
were estimated to be 14.11% and 0.018 kg per day, 
respectively. Several models proposed for different designs of 
PV/T driven systems by many researchers. The surface 
optimization is proposed for PV/T collectors to power supply 
for desalination plant [12]. PV/T energy is optimized to be 
used with a desalination process [13]. Indirect solar drier 
embedded with PV/T collector is modelled [14]. In an another 
study, PV/T powered absorption refrigeration is modelled for 
potato storage [15]. Finally, the thermal output of the PV/T is 
used to feed organic Rankine cycle [16].  

III. EXPERIMENTAL STUDIES 

Several experimental studies also have entered into 
literature for PV/T driven systems. PV/T driven heat pump 
water heating system has been simulated in the 
MATLAB/Simulink environment and tested experimentally by 
Tsai [17]. The overall PV/T efficiency and the COP of the 
proposed system is observed to reach up to 86% and 7.09, 
respectively. Tiwari et. al. has performed several studies PV/T 
embedded greenhouse systems as a solar drier [18-21]. 
Additionally, Hussain et. al. also conducted a study on a 
greenhouse embedded with PV/T [22]. These studies are also 
considered as multi-generation system due to food production 
or processing of foods are realized. Buker et. al. demonstrated 
a new system consisted of PV/T collector and dew point 
cooling system [23]. The combined liquid desiccant 
dehumidification-indirect evaporative air conditioning unit can 
be seen from Figure 4. 
 

 
Figure 4: The combined liquid desiccant dehumidification-indirect 

evaporative air conditioning unit used in the experiments [23].  
 

It was observed that the system could provide heating, 
cooling and power generation with the value of 3 kWh, 5.2 
kWh and 10.3MWh, respectively. Another approach has been 
brought into literature to supply cooling demand by using 
thermoelectric coolers powered by PV/T [24]. It was reported 
that electrical efficiency and COP of thermoelectric coolers 
have reached up to 16.7% and 1.7, respectively. Qu et. al. 
demonstrated PV/T driven heat pump system with dual sources 
[25]. Water and air sources are used to drive heat pump, to 
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provide domestic hot water and to cool the PV/T collectors. 
Results showed an increase of 10.3%. Chen et. al. 
experimentally analyzed PV/T driven heat pump system [26]. 
They showed that COP of the system is a function of solar 
radiation, ambient temperature and PV backboard absorptivity. 

 

IV. CONCLUSIONS 

It has been shown that the available energy of a PV/T system 
can be used to power supply to other systems. The collective 
results from whole system can be more efficient than single 
use of PV/T system and can have multi outputs including 
cooling load, clean water, crop production and dried foods. 
Overall payback periods of these systems were observed to be 
below 4 years and really effected by the seasons. Several PV/T 
parameters has to be still optimized and more experimental 
studies should be done.  
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Abstract - Abstract 

Area of new constructed single detached homes in Konya has 
increased averagely 7% every year in last decade. Due to the 
availability of roof space for solar panels reducing single detached 
homes energy consumption for hot water is more feasible 
compared to apartments. In this study, the techno economic 
feasibility of construction of solar domestic hot water system to 
single detached homes in Konya is investigated. Natural gas 
consumption bills of four single detached homes in Konya is 
collected during summer. Hourly climate data, technical data of 
solar energy system and economic analysis data are used in the 
calculations. Obtained energy saving results are generalized to the 
single detached house stock constructed in last decade in Konya to 
estimate the potential for reduction in energy and emission. The 
results indicate that average of annual natural gas consumption of 
the three houses for hot water supply is 359 m3/year (13 GJ/year), 
associated CO2 emissions is 769 kg-CO2/year. In the case of 
application of solar panels for hot water supply, reduction in 
natural gas consumption for hot water supply is calculated as 210 
m3/year (8 GJ/year) and energy saving per unit area is found as 
0,041 GJ/m2-year (1,17 m3/m2-year). Total area of single detached 
houses constructed in Konya after 2006 is 1.972.552 m2. Applying 
the solar domestic water heating system to single detached homes 
in Konya constructed after 2006 result in reductions of about 2,3 
million natural gas consumption and 4950 ton/year CO2 emission 

 
Keywords - Solar water heating system, energy saving, economic 

analysis, Konya  
 

I. INTRODUCTION 

ATE of residential energy consumption to the total 
energy consumption is significant in most countries. In the 

US residential energy consumption is more than 20% of the 
total energy consumption [1] , while in Turkey it is about 19% 
of the total [2]. 

About 33% of the energy consumed in residential sector of 
Turkey is natural gas [1]. Due to the insufficient natural gas 
production of Turkey, 98% of natural gas demand is imported 
[2]. For this reason, natural gas must be consumed efficiently. 

The use of renewable energy technologies results in reducing 
the fossil fuel usage and associated emissions. In addition to the 
energy savings, such improvements increase the value of the 
house. 

There are many studies in the open literature on reducing the 

energy consumption and emissions of residential buildings as 
well as the residential sector as a whole. Many of these studies 
are conducted by modeling the energy demand of residential 
buildings and determining the amount of energy savings 
obtained from the application of various improvements.  

In 2014, number of new residential buildings has increased 
12% and number of single detached residential buildings has 
increased 6% in Turkey. The total floor area of single detached 
homes constructed after 2006 is 1.972.552 m2 in Konya [3]. The 
most available renewable energy source in Turkey is solar 
energy due to its geographical position. Availability of 
sufficient roof space makes installation of the solar energy 
system for hot water more feasible in single detached homes. 
Solar energy panel installed for hot water supply in Turkey has 
reached to 15.497.913 m2 by the end of 2012 [3]. In addition, 
solar energy panel production has become one of the fastest 
growing sectors in recent years [4]. The annual production of 
solar hot water collector in Turkey is between 750.000  
1.000.000 m2. Some of the production is exported [5]. 

There are studies in the literature that examine solar energy 
potential for hot water supply in Turkey. A study conducted at 

ate the solar energy 
potential of Turkey. In this study, two different types of 
collectors were examined for six provinces using climate data. 
It is also stated that 98-99% of the solar energy panels installed 
between 2005 and 2010 are flat plate solar collectors, 78% of 
which are installed in residences, due to their price [4]. Another 
study is conducted to optimize SDHW system for different 
climate regions of Turkey. In this study economic analysis of 
the model is accomplished and optimum collector area, 
collector slope angle and water storage tank volume are 
determined for each province [6]. Economic analysis of SDHW 
system for residential buildings was also conducted in another 
study to investigate the reduction in CO2, SO2 and particulate 
amounts released to the atmosphere by the use of solar-assisted 

 [7]. 
In this study, energy saving and associated reduction in CO2 

emission obtained by the application of SDHW to a single 
detached house in Konya is determined. Results are also 
generalized to all single detached houses in Konya constructed 
after 2006. In the first step of the study, natural gas bills of an 
owner-occupied single detached house in Konya is obtained 
during summer to calculate the energy consumption for hot 
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water. The data collected from the test house is then used to 
calculate the amount of hot water used daily. Then, suitable 
solar domestic hot water panel area and tank volume is 
determined. Finally PBP of the system is determined and 
system is applied to the entire single detached house stock in 
Konya constructed after 2006.  

II.  METHODOLOGY 

This section provides information about the methodology 
followed during calculations of energy consumption for hot 
water, energy savings obtained with the SDHW system, 
associated reductions in CO2 emission and techno-economic 
analysis. In addition, the methods used to generalize the energy 
savings to single detached house stock of Konya constructed 
after 2006 are explained.  

 
A. Model House 
Four single detached two storey houses in Konya, Turkey, is 
selected as model due to their adequate roof space for solar 
panels. Energy requirement for hot water of three of these 
houses are supplied by the natural gas burning boiler, one of 
them is supplied by SDHW system. The fourth single detached 
house that already have SDHW system is selected to calculate 
the natural gas consumption for cooking. Because natural gas 
in fouth house is only consumed for cooking, in remaining three 
houses consumed for cooking and hot water during summer.  
 
B. Collection of Data 
The technical specifications and cost of the SDHW system is 
obtained from a company. Greenhouse gas (GHG) emissions 
factor is 2,14 kg-CO2/m3 for NG [8]. NG consumption of four 
single detached houses during summer are obtained from NG 
bills. 
1) Climate data 
The hourly meteorological data of Konya is obtained by using 
the hourly climate data of Ankara. The hourly climate data of 
Ankara is normal climate data of Ankara downloaded from the 

[9]. 
According to the average daily solar radiation time distribution 
of Turkey [10] daily average radiation time of Konya is one 
hour more than Ankara. Therefore one hour is added to each 
day of Ankara radiation data of which has the value of the 
average of the related day. 
According to the total annual solar radiation distribution 
(kWh/m2) of Turkey total annual solar radiation per meter 
square of Konya is [11] 168 kWh/m2-year more than Ankara. 
Then number of sunny hours of Konya is calculated during one 
year and found as 3930 hour/year. Value of 168 (kWh/m2)/3930 
(h) is added to each sunny hour and radiation of Konya is found. 
Daily radiation data of Ankara and Konya are shown in Figure 
1. 
 

 
Figure 1 Daily radiation data of Ankara and Konya kWh/m2-

day 
2) Natural Gas Consumption Data 
Natural gas bills of 4 single detached houses (H1, H2, H3 and 
H4) are collected during summer. Three of these houses 
consume NG for hot water and cooking. Fourth home already 
has SDHW system and consumes NG only for cooking. There 
are three people living in all of these houses. Therefore NG 
consumption for cooking is assumed to be the same in all 
houses and equal to the 4th house. NG consumptions of all 
houses are given in Table 1. 
 

Table 1 NG consumption of houses during summer 

  NG consumption, m3/month  

  H1 H2 H3 
H4 

(Cooking) 

Average NG 
Con. For Hot 

Water 
June 28 32 32 8 23 

July 53 45 29 14 29 

August 29 27 34 9 21 
September 25 20 15 5 15 
Average 34  31 28 9 22 

 
Daily NG consumption for hot water is calculated from Table 
1 by dividing 22 m3/month to 30 and found as 0,733 m3/day. 
Required energy to supply hot water is calculated by using 
equation (1). 
 

            (1) 

 
Qhw : Daily energy consumption for hot water supply, 
kWh/day 
NGhw/d : Daily NG consumption for hot water supply, m3/day 
EFb : Efficiency of the boiler 
HHV : High heating value, kWh/m3 
 
After calculating required energy to supply hot water, the 
amount of hot water is calculated. In order to calculate the 
amount of hot water the temperature of mains water must be 
known. In this study temperature of mains water is assumed to 
be the same as the temperature of soil under 100 cm of ground. 
Hourly temperature of soil under 100 cm of ground data is 
obtained from General Directorate of Meteorology (GDM) [12] 
for Ankara. Temperature of soil under 100 cm of ground for 
Ankara and Konya is the same according to GDM data [10]. By 
using hourly soil temperature data daily hot water consumption 
in a house is calculated with equation (2). 
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 (2) 

 
mhw : Daily hot water consumption, kg/day 

 : Hot water ( ) - mains water ( ) 
c :Water essence, kWh/kg-  
 
Amount of daily hot water consumption (mhw) calculated with 
Equation (2) is assumed to be constant during all year. Solar 
radiation data is an hourly data. Therefore calculations are made 
hourly. To calculate the hourly hot water consumption, a 
domestic hot water profile is used d [13]. Then, required annual 
energy for DHW supply is calculated for each hour with 
equation (3). 
 

            (3) 

 
Qhwa : Annual energy for DHW supply, m3/year 
 
3) SDHW System Data 
In this study, application of 30 vacuum tube solar collectors 
system (SDHW) with 200 liters of hot water, 50 liters cold 
water tank volume and forced water circulation (pump) SDHW 
system [14] is decided to meet the amount of hot water required 
by the house. To determine the amount of energy production of 
SDHW system the energy produced by the SDHW is calculated 
by using equation (4). 

 
                     (4) 

 
ESDHW : Daily energy produced by SDHW, kWh/day 
SR : Solar Radiation, kWh/day-m2 
EFSDHW : Efficiency of SDHW system 
AC : Area of collector, m2 
 
Finally energy requirement for hot water of the house is 
compared with the energy produced by SDHW system.  
 
1.1 Emission Reduction Calculation Methodology 
Natural gas emission factor (NGEF) has been used to calculate 
the reduction in CO2 emissions as a resullt of the energy savings 
obtained. The amount of reduction in CO2 emissions is 
calculated by using equation (5). 
 

                 (5) 

 
RCE : Reduction of CO2 Emission, kg/year 
ES : Energy Saving, m3/year 
NGEF : Natural Gas Emission Factor, kg-CO2/m3 
 
1.2 Economic Analysis 
During the economic analysis of the system, investment cost, 
natural gas bill and interest rate data are used. For the 
calculation of the system's payback period (PBP), cost of the 
SDHW system is obtained from a local company. The annual 
Net Cash Flow (NCF) is calculated for the determination of the 
PBP. The NCF is calculated by equation (6). 
 

            (6) 

  

 
 : Annual Net Cash Flow, TL/year 

 : Annual Cash Input, TL/year 

 : Annual Cash Output, TL/year 

j  : Year 
NGP  : NG Price, TL/m3 
NGCB  : NG Consumption of Boiler without SDHW 
system, m3/year 

   : Operation Cost of System, TL/year 

NGCBwith_sdhw  : NG Consumption of Boiler with SDHW 
system (When Radiation is not enough), m3/year 

 
In order to calculate PBP, NG price of next years is required to 
be known. NG sale price to residential sector of Konya data has 
been obtained for the last seven years [15]. By using the slope 
line equation of the NG price data, natural gas price data of the 
next years are estimated. If the interest rate remains constant for 
several years [16] NBD can be calculated by equation (7). 
 

          (7) 

  

 
NPV : Net Present Value, TL 
NCFj : Net Cash Flow, TL/year 
ni : Nominal Interest Rate  
j : Year 
N : Operation time of the system, year 
 
The minimum j value that allows the NPV to take a positive 
value is defined as the PBP [16]. 

 
1.3 Generalization of Results 
Finally, total annual energy saving is calculated in the case of 
application of SDHW system to all single detached houses 
constructed in Konya in last decade. 
The annual energy gain per square meter is calculated by 
dividing the average energy savings obtained in three model 
houses to the average area of the houses. According to TUIK 
statistics, the total area of single detached houses constructed in 
Konya since 2006 is 1.972.552 m2. Total area of the single 
detached houses is multiplied by energy saving per square 
meter. Thus, the total energy savings and reduction in CO2 
emissions that is achieved. 

 

III. RESULTS 

Average daily NG consumption during summer is calculated as 
1,0282 m3/day by using the NG bills of three single detached 
houses. Average daily NG consumption for cooking is 
calculated as 0.2945 m3/day by using the NG bills of 4th house 
which consumed NG only for cooking. In this case, average 
daily NG consumption for hot water supply of a 3-member 
family is calculated as 0,7337 m3/day. Average daily hot water 
consumption is found as 212 kg/day and annual NG 
consumption of boiler for DHW supply is calculated as 359 
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m3/year (13 GJ/year). Associated CO2 emission is calculated as 
769 kg-CO2/year. Hot water energy consumption per meter 
square of the house is calculated as 0.070 GJ/m2-year. 
SDHW system meet 58% (8 GJ/year, 210 m3/year) of the 
energy demand for hot water supply due to the inability to store 
more solar energy in SDHW system. Then, the energy saving 
achieved per meter square is calculated as 0,041 GJ/m2-year. 
In the case of construction of SDHW system in the house, the 
energy can be produced by the system and the energy demand 
for the hot water supply of the house are given in Figure 2. 
 

 
Figure 2 Solar energy obtained from sun and hot water energy 

demand, MJ/day 
 
Figure 2 shows that energy obtained from the sun during 
summer is more than required, however in winter the energy 
need cannot be fully meet. Figure 3 shows the energy demand 
of the house with boiler and with SDHW system.  
 

 
Figure 3 Energy demand of the house with and without 

SDHW system 
 
Figure 3 shows that during summer nearly all demand is 
supplied. In other seasons the energy provided from the sun 
meets some part of the demand. 
Surplus energy produced by SDHW system and demand that 
can not be meet by SDHW system are shown in Figure 4. 
  

 
Figure 4 Surplus energy and demand cannot be meet by 

SDHW 
 
As shown in Figure 4, energy produced by SDHW system 
during summer is over demand. In the winter months, a large 
part of the demand is not met. 
 
Economic analysis is conducted by using the required data [17] 
and with the obtained 58% energy savings by the system. Net 
cash flow (NCF) graph of the system is shown in Figure 5. 
 

 
Figure 5 NCF graph of SDHW system 

 
Figure 5 shows that PBP of the proposed SDHW system is 8 
years. 
The total area of single detached homes constructed since 2006 
in Konya is 1.972.552 m2. Assuming that number of residents 
of these homes are same as the model homes, application of the 
SDHW system to these homes reduces NG consumption 2,3 
million m3/year, CO2 emissions 4950 ton-CO2/year. 

IV. CONCLUSION 

In this study, energy saving and associated reduction in CO2 
emission obtained by the application of SDHW to a single 
detached house in Konya is determined. Results are also 
generalized to single detached house stock of Konya 
constructed after 2006.   
Four single detached two storey houses in Konya, Turkey, is 
selected as model. Average daily NG consumption during 
summer is calculated as 1,0282 m3/day by using the NG bills of 
three single detached houses. Average daily NG consumption 
for cooking is calculated as 0,2945 m3/day by using the NG bills 
of 4th house which consumed NG only for cooking. Then 
average daily NG consumption for hot water supply of a 3-
member family is calculated as 0,7337 m3/day. Average daily 
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hot water consumption is found as 212 kg/day for three people. 
Annual NG consumption of boiler for DHW supply is 
calculated as 359 m3/year (13 GJ/year). The CO2 emission of 
natural gas consumption for hot water supply is calculated as 
769 kg-CO2/year. Hot water energy consumption per meter 
square of the house is calculated as 0.070 GJ/m2-year. 
The net solar energy obtained from the sun for hot water supply 
is found as 8 GJ/year and SDHW system is able to meet 58% (8 
GJ/year, 210 m3/year) of the demand. Energy savings achieved 
per meter square is calculated as 0,041 GJ/m2-year. 
Economic analysis is conducted and PBP of SDHW system is 
found as 8 years. 
The total area of single detached homes constructed since 2006 
in Konya is 1.972.552 m2. Assuming that number of residents 
of these homes are same as the model homes, application of the 
SDHW system to these homes reduces NG consumption 2,3 
million m3/year, CO2 emissions 4950 ton-CO2/year. 
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Abstract -An experimental study was carried out to investigate the effect of natural zeolite on the treatment of raw ground water. 
Clinoptilolite type natural zeolite was cracked and sieved to have five different particle sizes. The produced five zeolite samples were 
mixed with water such that mass of zeolite was 20% of water. Water from each mixture   was taken at one hour intervals to have tests 
on it. An equal amount of water   without a mixture of zeolite was used as a reference case. The tests were done according to ISO 17294-
1 and 17294-2 by ICPMS (Inductively Coupled Plasma Mass Spectrometry) on the samples. As a result of these tests the elements in 
water as B, Cr, Ni, Cu, As, Se, Cd, Sb, Pb, Al, Mn, and Fe were illustrated as a function of the particle size and time. SEM analysis on 
natural zeolite was also used for the analysis of the results. 

 

Keywords  Natural Zeolite of Clinoptilolite type, Particle Size, Time  
 

   
I. INTRODUCTION 

The utilization of natural zeolite of Clinoptilolite type from 
 (1)  in a desiccant cooling system is a 

completed research of the authors (2-4). In this study a different 
possible use ( effect)  of zeolite in terms of water treatment is 
presented. The material properties of zeolite are given in Table 
1. 
 

Table 1. Material properties of the zeolite 

 
 

II. EXPERIMENTAL METHODOLOGY 

Cracked zeolite was sieved with sieves as 0.6, 2.0, 6.2, 8.0, 
14.0 and 20 mm meshes. Size ranges of sieved zeolite were 
classified as 0.6-2.0mm, 2.0-6.2mm, 6.2-8.0mm, 8.0-14.0mm 
and 14.0-20.0mm with specified size numbers (Table 2). The 
samples weighed 1.0kg for each size were prepared (Figure 1). 
The samples were mixed with raw ground water as a mixture of 
1.0kg zeolite and 5.0kg water (Figure 2). The mixtures were 
stored in bottles and shaked ten minutes. The samples from each 
bottle were taken for chemical tests at the end of 1st, 2nd, 3rd, 4th, 
and 5th hours (Figure 3). 

The tests were conducted in the Public Health Laboratory of 
Gaziantep city. Chemical tests were done by ICPMS 
(Inductively Coupled Plasma Mass Spectrometry) (Figure 4) 
according to the ISO 17294-1 and 17294-2. 
SEM analysis of the zeolite samples before and after mixing 
with water were also given for the analysis. 

 
Table 2. Particle Size Numbers 

 
 
 
 
 
 
 
 
 

 

 
Figure 1. Zeolite sample preparation for the test 
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Figure 2. Zeolite and raw water mixing set 

 

 
Figure 3. Water samples 

 

 
Figure 4. ICPMS (Inductively Coupled Plasma Mass Spectrometry) 
water test device 

III . RESULTS and DISCUSSION 

At this section a brief information [5] about the elemental 
characteristics of water, environmental effects of the referred 
elements in terms of human health is given. The results of the 
experimental study regarding the influence of the exposure time 
and size of the natural zeolite samples in water treatment based 
upon the chemical analysis of each sample mixture are 
presented.  

BORON: Seawater contains approximately 4-5 ppm boron. 
River water generally contains only 10 ppb. The human body 
contains approximately 0.7 ppm of boron, Daily intake is 
approximately 2 mg.  

EXPERIMENTAL RESULTS WITH BORON: In raw 
water there is no Boron. Boron variation in water after natural 
zeolite mixture (as a factor of zeolite particle size and time) is 
shown in Figure 5. Boron amount increases depending on time 
and with the smallest particle sizes.  

 

 
Figure 5. Boron variation with zeolite particle size and time 

CHROMIUM: Seawater chromium content is usually 
between 0.2 and 0.6 ppb. Rivers contain approximately 1 ppb 
of chromium. The human body contains approximately 0.03 
ppm of chromium. Daily intake strongly depends upon feed 

levels, and is usually approximately 15-
high as 1 mg.  

EXPERIMENTAL RESULTS WITH CHROMIUM Raw 
water has 7ppm Cr already and at the end of the time Cr 
increased to approximately 8ppm in the water. Variation 
dependency on particle size and time can be negligible.(Figure 
6)  

 

 
Figure 6. Chromium variation with zeolite particle size and time 
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NICKEL: Seawater contains approximately 0.5-2 ppb of 

nickel, and rivers contain approximately 0.3 ppb. The human 

 
EXPERIMENTAL RESULTS WITH NICKEL: Zeolite 

absorbs Nickel in the raw water from 12ppm to approximately 
5ppm at the end of the  exposure time (Figure 7) There is a 
strong drop at the end of first hour  for all sizes. 

 

 
Figure 7. Nickel variation with zeolite particle size and time 

 
COPPER: It hardly enters groundwater. In surface water 

copper can travel great distances, either suspended on sludge 
particles or as free ions.  

EXPERIMENTAL RESULTS WITH COPPER: Copper 
amount in the raw water is 1 ppm (Figure 8). At the end of the 
test ;  amount of copper reaches to an  approximate average 
value of 3.6 ppm. The amount in  water fluctuates with the 
particle size and time having drastical manner for the size 3 and 
size 5. 

 

 
Figure 8. Copper variation with zeolite particle size and time 

 
ARSENIC: Arsenic can be found in seawater (2-4 ppb), and 

in rivers (0.5-2 ppb). Freshwater and seas algae contain about 
1-250 ppm of arsenic. Arsenic toxicity is an important 
characteristic. If arsenic is a dietary mineral, this dose would be 
15-  Arsenic in drinking water has a  legal limit as  10 

 
EXPERIMENTAL RESULTS WITH ARSENIC: Arsenic 

amount in the water increases when the  particle size is  smaller 

with increase in  time (Figure 9). The size 1 has a value of 200 

ppm at the end of the  fifth hour . It also has the greatest increase 
in the first hour.The increase in greater sizes at the end of first 
hour is less than 50 ppm. The increase in time is associated with 
values less than 75 ppm approximately for  other sizes.   

 

 
Figure 9. Arsenic variation with zeolite particle size and time 

 
SELENIUM: Selenium from hazardous waste-sites and 

from farmland will end up in groundwater or surface water 
through irrigation. This phenomenon causes selenium to end up 
in local drinking water. 

EXPERIMENTAL RESULTS WITH SELENIUM: 
Selenium amount in raw water increases as a function of the 
particle size and time from 0.78 to  an average of  1.64ppm 
approximately (Figure 10). The largest increase occurs at the 
end of first hour for all sizes. 

 

 
Figure 10. Selenium variation with zeolite particle size and time 

 
CADMIUM: Because of regulations only little cadmium 

now enters the water through disposal of wastewater from 
households or industries. Cadmium-rich sludges can pollute 
surface waters as well as soils. 

EXPERIMENTAL RESULTS WITH CADMIUM: 
Disregarding the data at first hour with particle size 3 (Figure 
11) cadmium is less than 0.1 ppm after the long exposure time 
with zeolite.  
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Figure 11. Cadmium variation with zeolite particle size and time 

 

 
Figure 12. Antimon variation with zeolite particle size and time 

 
EXPERIMENTAL RESULTS WITH ANTIMON:  Size 1 

has a severe departure from all other sizes with a variation 
from almost 0 ppm to 2.75 ppm with an increase in time. All 
other sizes have similar trend having a slight increase in time 
from 0 ppm to less than 1 ppm.(Figure 12) 

LEAD: Seawater contains trace amounts of lead (2-30 ppt). 
On average rivers contain between 3 and 30 ppb. The World 
Health Organization (WHO) stated a legal limit of 10 ppb in 
2010. Lead and lead compounds are generally toxic pollutants.  

EXPERIMENTAL RESULTS WITH LEAD: Raw water 
has 0.07ppm lead, at the end of test lead of the water increases 
only to 0.54ppm (Figure 13) . 

 

 
Figure 13. Lead variation with zeolite particle size and time 

 

SODIUM: Seawater contains approximately 11,000 ppm 

sodium. Rivers contain only about 9 ppm. Drinking water 
usually contains about 50 mg/L sodium. Generally, humans 
require about 300 mg sodium chloride per day for a balanced 
sodium level  of approximately 4 g. 

EXPERIMENTAL RESULTS WITH SODIUM: Sodium 
amount in water increases as a function of particle size and time 
(Figure 14) from 7,641ppm in raw water to 24.061ppm with the 
particle size number with 2-5. For the size 1  the upper limit of 
the test machine was exceeded. 

 

 
Figure 14. Sodium variation with zeolite particle size and time 

 
ALUMINUM: The amount of aluminum in seawater varies 

between approximately 0.013 and 5 ppb. Regular aluminum 
concentrations in groundwater are about 0.4 ppm. It naturally 
occurs in waters in very low concentrations.  

EXPERIMENTAL RESULTS WITH ALUMINUM: 
Aluminum amount in raw water is 3.56ppm (Figure 
15).Disregarding the data with size 3 at the end of fourth hour 
it increases to 14.45ppm at the end of the test with a negligible 
fluctuation during the test as a function of the particle size and 
time. 

 

 
Figure 15. Aluminum variation with zeolite particle size and time 

 
EXPERIMENTAL RESULTS WITH MANGENESE: 

Mangenese in raw water is 0 ppm the greatest variation is with 
size 2 at the end of fifth hour reaching to 20 ppm. For size 3,  
10 ppm and for all other sizes  less than 3 ppm is seen. 
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Figure 16. Manganese variation with zeolite particle size and time 

 
IRON: Seawater contains approximately 1-3 ppb of iron. 

Rivers contain approximately 0.5-1 ppm of iron, and 
groundwater contains 100 ppm. Drinking water may not contain 
more than 200 ppb of iron. Healthy people suffer by drinking 
water with iron concentrations over 200 ppm. 

EXPERIMENTAL RESULTS WITH IRON: Iron amount 
Fe and Fe-1 in raw water is 3.34ppm (Figure 17). It shows 
fluctuation during the test as a function of the particle size and 
time. However after even long term exposure for size 2, 10 ppm 
and for all others 6.36ppm are observed at the fifth hour. 

 

 
 

 
Figure 17. Iron Fe and Fe-1 variation with zeolite particle size 

and time 

 

SEM ANALYSIS 
Zeolite analysis before water mixture (Figure 18) is shown 

that %49 is O due to porous pattern. The remaining is such that 
maximum amount of Si is 38 %. C, Mg, Al, K, Fe, Ca are the 
other elements determined. After mixture with water O is 
determined as similar 48.94 % (Figure 19) and Si as 24.49% 
due to the variation in the tested specimen in SEM image.  

 

 
 

 
 

Elt
. 

Lin
e 

Intensit
y 

(c/s) 

Conc Unit
s 

Erro
r 

2-sig 

MD
L 

3-sig 

 

C Ka 15.55 6.501 wt.% 3.135 0.285  

O Ka 398.99 49.092 wt.% 0.499 0.101  

Mg Ka 10.04 0.499 wt.% 5.803 0.063  

Al Ka 136.79 6.100 wt.% 0.954 0.059  

Si Ka 738.85 33.280 wt.% 0.372 0.056  

K Ka 40.38 2.506 wt.% 1.831 0.058  

Ca Ka 22.08 1.444 wt.% 2.694 0.059  

Fe Ka 3.76 0.577 wt.% 7.941 0.090  

   100.00
0 

wt.%   Tota
l 

Figure 18. SEM analysis of zeolite before mixed with water 
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C Ka 2.72 18.002 wt.% 3.892 0.866  

O Ka 17.31 48.943 wt.% 2.378 0.416  

Al Ka 5.46 5.100 wt.% 4.716 0.228  

Si Ka 26.32 24.492 wt.% 1.971 0.213  

K Ka 1.54 1.942 wt.% 8.809 0.201  

Ca Ka 1.14 1.521 wt.% 10.30
1 

0.220  

   100.00
0 

wt.%   Tota
l 

Figure 19 SEM analysis of zeolite with water mixture 
 
The relationship  between microstructure and size of the samples 
through cited analysis results above is a topic needing  further 
research  planned by the authors in near future. 
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Abstract  The aim of this study is to obtain the mathematical 
model of the hydraulic door closing mechanism, which is 
frequently used in everyday life. The work energy principle has 
been utilized in the developing of the model. The model is 
arranged for constant door opening speed and solved via 
MATLAB. Thus, graphs of the door opening torque and the 
forces acting on the mechanism for the constant opening speed 
have been obtained.  
 

Keywords - door closer, mathematical model, closing torque 

I. INTRODUCTION 

YDRAULIC door closers are one of the most common door 
closer mechanisms in our daily life. These mechanisms 

are often used on apartment doors, schools, hospitals and fire 
exits. The active forces on the mechanism are the spring force, 
the hydraulic force and the frictional forces on the hinges. 
There are several investigations about the motion of door 
closers and some new designs are examined instead of 
hydraulic door closer mechanisms. Wang & Wu [1] has 
constituted an experimental setup to the determination of the 
opening moment values of the door closer. By using the 
experimental setup, they obtained door closing moment graphs 
for doors have different weight and different types of closers. 
Hassan [2] investigated how the solution of the door closer 
model is affected by positive or negative deviations from the 
linear characteristic. A research paper suggests a new design 
instead of hydraulic door closer [3]. Their aim is to build a 
simple mechanic design to give opportunity of simple 
replacements on the mechanisms when there was a problem. 
In addition to these, there are some articles related to door 
ergonomics and the required maximum pulling or pushing 
forces [4, 5]. 
 When the literature is examined, it is found that the 
mathematical model of the movement of the hydraulic door 
closer has not been established. The aim of this work is to 
create a mathematical model for hydraulic door closer. With 
this model all the forces acting on the mechanism could be 
investigated. Effect of the change in the constructive 
dimensions and spring properties can be examined. Thus, this 
mathematical model can provide a basis for future work. 
 

II. METHODS 

A. Kinematic Analysis of Door Closer 

First step for modeling the door closer is kinematic analysis 
of the closer mechanism. A door closer could be modeled as a 
four bar mechanism given in Figure 1.  

Joint A0 refers to the axis that door rotates. A is the joint 
which pinion gear rotates. B is the joint between two arms of 
closer. Finally B0 is the joint the second arm of closer with 
door frame. 

 
 

Figure 1: Four bar mechanism of the door closer 
 

The two equations for four bar mechanism have given with 
Equation (1) and Equation (2). 

 
  (1) 

 
  (2) 

 

21z 31z 41z refers to the angles that the door is 
completely closed.  

When the equations rearranged, Equation (3) is obtained. 
The coefficients K1, K2 and K3 on this equation are given with 
equation (4), (5) and (6). 

 
  (3) 
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  (4) 

 
  (5) 

 
  (6) 

 
Equation (3) is known as Freudenstein's Equation. The 

solution of this equation gives two different results for two 
different configuration of four bar mechanism. The result 
which is suitable the door closer mechanism is chosen. 

 

B. Spring Force 

 

 
Figure 2: Pinion and rack  

 
In the closer mechanism; by turning the pinion, the rack 

moves along the door. The angular velocity of the pinion gear 
relative to the rack could be defined as 

 
  (7) 

 

where  is the speed of door. 
The velocity of the rack beyond the door is given with the 

Equation (8) where rp is the radius of the pinion gear. 
 
  (8) 

 
The position of the rack could be define as 
 
  (9) 

 
where  is relative angular position of the rack to the 
door. 

The spring force is given with the equation (10). In this 
equation, is the stiffness of the spring on the door closer 
mechanism. 

 
  (10) 

 

C. Hydraulic Force 

Figure 3 shows the cross section area for a hydraulic door 
closer. Rack and the piston is one rigid object. By moving the 
rack, the piston also moves with the same velocity. 

 

 
Figure 3: Cross section of a door closer 

 
a1, a2, are b2 are the cross section area that fluid passes 

during action and A1 and A2 are the surface area of the piston.  
During the opening action of the door, the fluid is forced to 

move from one section to another by the movement of the 
rack. The pressure of the hydraulic fluid during this action 
could be defined as 

 

 (11) 

 
where  is the density of hydraulic fluid. 

That pressure occurs in section 1 act on the piston and the 
force on this piston is defined by Equation (12). 

 

 (12) 

 

D. Friction Moment of the Hinge 

Figure 4 shows the forces acting on the hinge and weight 
of the door. d is the distance between two hinge and b is the 
width of the door. WK is the weight force of the door. When it 
is assumed that the door is homogeneous, this force acts from 
the middle point of the door. 

 

 
 

Figure 4: Door and hinges 

 
The forces acting on hinges because of the weight of the 

door could be defined as 
 
  (13) 

 
Total frictional moment acting to hinges could be defined as 

 
  (14) 
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where  is the 
radius of the hinge. 

 

E. Mathematical Model of a Door Closer 

Mathematical model is defined by using work and energy 
principle. To define the total energy of the door; reduced 
moment of inertia to the rotating axis of the door is used. 

Equation (15) gives the general equation for a door closer 
mechanism. In this equation  refers the operation torque to 
open the door from rotating axis.  

 
  (15) 

 
With this equation, different cases could be examined. In 

this study, the operation torque for constant opening speed is 
examined. For constant opening speed of the door the 
mathematical model is given with Equation (16). 

 
  (16) 

 

III. ANALYSIS AND RESULTS 

Equation (16) solved via MATLAB. As a result the spring 
force, hydraulic force and the needed opening torque for 
constant opening speed graphs are obtained. For a simple 
examine, friction forces on the hinges are neglected.  

Door opening speed is given 0,210 rad/s, and maximum 
door angle given 90 degree. With this opening speed, it takes 
7.5 seconds to open the door to the maximum door angle. For 
a normal usage of door closer, nearly 45 degree is enough but 
the program continue operating to 90 degree to see the force 
and moment graphs. 

 

 
 

Figure 5:  -  graph 

 

 
 

Figure 6: Spring force graph 
 

 gets bigger values during opening operation. Because of 
that spring is continuously compressed. So FS force gets 
bigger values shown as Figure 6. 

 

 
 

Figure 7: Rack speed graph 
 

 
 

Figure 8: Hydraulic force graph 
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As a result of pinion speed shown as Figure 7, hydraulic 
force gets closer to zero. Unlike spring force, hydraulic force 
is reduced during opening shown as Figure 8. 

 
 

Figure 9: Operating moment graph 
 

Required operating moment for a constant opening speed 
increases during the opening operation shown as Figure 9. But 
because of the chance of hydraulic force, the slope of the 
moment decrease. 

 

IV. CONCLUSIONS 

With the generated mathematical model, the forces acting 
on a hydraulic door closer can be examined. As a result of this 
examination, continuously increasing of spring force is 
observed. However, because the pinion speed decreases and 
gets closer to zero after a certain door opening, the hydraulic 
force decreases. Required operating torque for a constant 
opening speed mainly depends of the spring and hydraulic 
force. As a result of the negative slope of hydraulic force 
graph, rate of changing the operating moment degreases. 
 The mathematical model also allows changing magnitudes, 
such as spring force, pinion diameter, cylinder dimensions, 
and the measurement of four bar mechanisms. With this 
flexibility, the effects of the relevant changes on forces and 
moments can be examined and regulated according to the 
desired operating moment value. 
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Abstract - N2 vehicles in the category of national legislation 

vehicles are analyzed in the transformation of the suspension 
system. The modeling process, which will form the basis for 
evaluating the data from the suspension system, was performed 
with the help of the MATLAB SIMULINK program. 

The comparison of the vehicle category, the boundary value, 
the model design and the analysis of the vehicle category, which 
are being considered as land vehicles, has been carried out for the 
N2 and M2 categories of vehicles. 

The cargo (weights) added to the vehicle in the conversion of 
the N2 category vehicles to the M2 category vehicles are taken 
into account. 

 It must be able to occur when the coefficient k (which will be 
calculated) remains within the values according to the standards 
(ISO 2631-1). The vehicle using this given k-rated spring system 
must be able to translate through the M2 category. 

 
Keywords  vehicle. N2. M2. Matlab Simulink. Suspension 

system. ISO 2631.  
 

I. INTRODUCTION 

uspension systems are one of the systematic mechanisms 
placed on the vehicle. These systematic mechanisms 

ensure that both the vehicle and the external environment of 
the vehicle can operate simultaneously. In addition, when the 
vehicle is in motion, it also interacts with the vehicle's external 
environment and the way it is affected. 

Suspension systems are one of the most studied issues 
among vehicle mechanisms. It is necessary to constantly 
consider the design that is open to development as well as 
engineering in terms of its design. Suspension system is one of 
the systems that are open to external interaction of vehicles. In 
vehicle design, manufacturing and assembly processes, the 
whole vehicle is considered as a whole. This includes the end-
user submission of the initial approval tests of the vehicles; as 
well as modifications and renewals that can be performed by 
the end user.  

The amendment titles are determined by the regulation of 
the national legislation A.ITM (Manufacture, Amendment and 
Assembly of Vehicles) of our country and the steps to be done 
in the related modifications are explained. This has also 
created a field of work so that national legislation can be 
approximated to type-approval regulations. The elaboration of 
the desired evaluation conditions and the feasibility of this can 
be called the success of national legislation. 

II. VIBRATION OCCURS  IN VEHICLES 

From the point of view of driving comfort, it is important 
for human health to be able to operate the suspension system 
within the vibration limits specified in the ISO 2631 standard. 
High amplitude and low fre- quency vibrations cause nausea. 
Considering the permanent health problems caused by long-
term vibration, it is a fact that health is an important factor in 
comfort as well as damping characteristics of suspension 
systems. Suspension systems must optimize their suspension 
behaviors because they require different features in terms of 
structure and characteristics. In addition, the risk of 
overturning, which may result in severe maneuvers, should 
also be avoided. According to 1999 data, 22% of the causes of 
death in passenger fatalities and 63% in sports vehicles were 
determined as overturned accidents. 

 
Figure 1: Major Release Occurs in Vehicles 

 

III. COMFORT RELATED WORKS 

It was stated that the results of the studies and evaluation of 
the results are the same effect on the suspension system of the 
hump and pit obstacles, but the interaction directions are 
different. The same damping timings indicate that the effective 
effect is equivalent. 

Although this creates equivalent effects, Rakheja and Sankar 
report that they are experiencing both physically and 
psychologically disturbances in people who work in vehicles 
that are exposed to large spectrum but low frequencies 
continuously in improper ways with their research. 

 

S 
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Figure 2: On-Vehicle Demonstration of Oscillation Movements in 

Vehicles 
a. Beating b. Wobbling c. Navigate d. Shivering  

The fact that frequencies and vibration phenomena are related 
to the concept of comfort at the same time is revealed in 
researches. It is seen that there are certain intervals for this 
situation and these intervals specify points that affect human 
health such as border values. For example, for head and neck parts 
18 and 20Hz. [9] 

IV. MATERIALS 

A. Related Standards of System 

 

 
Figure 4: TS 6283 "Roadside Speed Control Elements - Mounds 

(Casters)"  Speed Control Elements 

Vibrations also affect the cargo carried and the vehicle 
itself. For this reason, proper driving and comfort is one of the 
main objectives of vehicle design. Vibrations are mostly 
caused by irregularities on the road. Unevenness in 3-5mm 
height and 8-10mm length is called small roughness, 10-12mm 
height and 5-8mm length irregularities are called wave. 

In general, vehicle vibrations between 5 and 13 Hz are 
defined as high frequency vibrations, and between 0,8 and 2 
Hz, low frequency vibrations. Frequently, unsprung masses 
produce high frequency, springy masses produce low 
frequency vibrations. Both high and low frequency vibrations 
are disturbing. The body vibrations during walking are 
between 1.17 and 1.66 Hz. This freestyle vibrations are not 
offensive because the body is accustomed to it. At vibrations 
in modern cars this level is (1 -1.3 Hz). 

The range carries limit value features for comfort 
conditions. The ISO 2631 standard considers the range of 0.5 
Hz to 80 Hz to be a viable interval. Figure 2.7 shows the 
Basicentric Axes of the Human Body. 

 

 
Figure 3: Basicentric Axis of the Human Body 

 
 

B. Comfort Equations 

 
 
 
 
 
 
 
 

Table 1: Vibration Characteristic 
 

 

C. Helical Spring Mechanism 

Total shear stress;      

Maximum shear stress;   
 

              

          

    

D. Equations (Langrange Equation) 

 

 Vehicle Suspended Mass / Quarter Vehicle mass (kg) 

 Suspension Mass / Non Suspended Mass (kg) 

 Suspension Spring Coefficient (N / m) 

 Suspension Damping Coefficient (Ns / m) 

 Wheel Damping Coefficient (Ns / m) 

 Wheel Spring Coefficient (N / m) 

C0 Vibration Characteristic [m/s] 

ZMAX Maximum Amplitude [m] 

F Frequency  Hz 

kt A coefficient depending on the 
intensity of the vibration ( kt = 1,5  
1,7 ) 
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W Road Entry 

 Non-suspended Mass Position 

 Suspended Mass Position 

U Control Force 
Table 2: System Equations  

 
Lagrange formulation is used as a general approach for 

finding motion equations of a dynamic system. The Lagrange 
"L" equations of motion are defined as the difference between 
the potential energy of the system "V" and the kinetic energy 
"T". 

 
L=T-V   

 
Sum of kinetic energies of masses; 

 

 
The sum of the potential energies of the spring elements; 

   

  

(3.
3) 

 
(3.

4) 
(3.

5) 
 
(3.

6) 
(3.

7) 
The sum of the heat-generating energies of the damping elements 

 

 
Total kinetic energy and total potential energy difference; 

  

 
 
(3.

8) 
(3.

9) 
 
(3.

10) 
The first motion equation of the system; 

 

 

 

 

  
 
The second motion equation of the system; 

 

 

 

  

  
 
The last equations after the Lagrange are; 

 

 
A block diagram can be created based on the motion 

equations of the active suspension system. The a F force 
shown in the block diagram is the control element that will be 
controlled and will vary according to the vehicle-road 
condition. [21] 

 
 
 
Main Mass (m1) 2500 kg 

Suspension Mass (m2) 320 kg 

Suspension System Spring Constant (k1) 80,000 N/m 

Wheel Spring Constant (k2) 500,000 N/m 

The Damping Constant of The Suspension System (b1) 350 N.s/m 

Wheel Damping Constant (b2) 15,020 N.s/m 

Non-Suspended Mass Position (X1) (m)  

Suspended Mass Position (X2) (m)  

 Table 3: System Equations  

V. SYSTEMS  MATLAB SOLUTION 

 
Figure 4: Matlab Works Area 

 
In the above equations, the expression X_1- W is not included. 

The reason for this is that it is very difficult to measure this distance. 
Due to this difficulty, the deformation of the wheel X_2 -W is 
neglected. Instead of the distance between X_1 and W (X_1-X_2), 
the probing takes place. In this way there will be a neglect in the 
logic framework. 

The discomfort (W) on the road will be simulated with gradual 
inputs in this problem. These steps can be associated with the 
potholes that form on the way the vehicle is going. 

"" When a feedback controller wants to design a circuit (X_1 to 
X_2), the input is less than 5% and takes less than 5 seconds to enter 
and exit. For example, when a bus passes through a 5 cm high 

to normal driving within 5 seconds. [21] 
The two-degree-of-freedom quarter vehicle model is a suspension 

model that includes wheel dynamics. The system consists of a mass 
representing the vehicle weight (suspended mass), a mass 
representing the axle weight (non-suspended mass), and two separate 
spring-damper pairs representing the su
2013) 
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Figure 5.Effect of k Change to Acceleration Performance 

Criterion 

 
Figure 6. Effect of Variation of k on Damping Deviation 

Performance Criteria frequency 

 
 

Figure 7. Displacement Response of Quarter Vehicle Modal Main 
Stage According to Time 

 
As shown in Figure 7, when the vehicle is exposed to the road as 

shown in Figure 6, the main body of the vehicle makes a swing 
motion and the vibration movement is damped for about 1.6 seconds. 
With the modification and renewal operations performed by the user 
in the vehicle, the vibration amplitude and the damping time slightly 
increase as the weight of the vehicle changes from 2820 kg. The 
comfort characteristics of the vehicle do not change, that is, it is in 
the appropriate range, but because the weight of the vehicle is 
increased, the spring resistance is insufficient. Therefore, appropriate 
spring should be used by increasing the spring constant, diameter and 
number of windings. As shown in the graph, the duration of the 
damping of the vehicle, whose characteristics are changed according 
to the standards, is extended. Figure 8 shows the variation of the 
main body speed with respect to time. 

 
Figure 8. Quarter Vehicle Modified Main Body Speed Change 

Over Time 
 

 
Figure 9. Time-dependent change of main body moment for 

quarter vehicle model 
 
The graph in Figure 9 shows the change in vehicle body 

momentum over time. The main body of the vehicle made a variable 
acceleration motion in the range of -5 to 20 m / s2 for a 2500 kg 
vehicle and in a range of -4 to 15 m / s2 for a 2820 kg vehicle. As a 
result of this acceleration, the comfort of the passengers will be 
adversely affected. For this reason, the acceleration value needs to be 
kept within certain limits. The influence of vibrational acceleration 
on the human body often arises in connection with the frequency of 
vibration. When the frequency increases, even small accelerations are 
uncomfortable. 

VI. CONCLUSION 

Vehicle with the same platform as this article of study is 
used in vehicles with different equipment or special purpose 
vehicles, and it is necessary to review the suspension with the 
changes in strength, vibration, life span and so on. In this case, 
the system was analyzed and the results compared with the 
previous studies. 

It is intended to design a suspension system that can operate 
on a light commercial vehicle. In the M1 category, if 2500 kg 
of vehicle is modified and it is 2820 kg, simulation of the 
vehicle is carried out to evaluate the vibration values 
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according to the comfort standards and when the vehicle 
weight changes, the selection of the most suitable elements to 
ensure the comfort and stability of the same damping elements 
comfort standards, as well as the effects of the suspension 
system parameters on the driving comfort of the vehicle, 
examining the parameters that have been changed for driving 
comfort in this vehicle, the vehicle chassis height and the 
impact on the heading angle. 

When the weight of the vehicle changed, the 1300 kg 
vehicle was found to be within the comfort standard limits, 
only as a result of the calculation of the spring strength of the 
vehicle and the lifetime of the vehicle which was weighted for 
special purposes or necessary requirements. Therefore, in this 
thesis study, it has been determined that the maximum weight 
of the vehicle is to be weighted within the comfort standards 
and it is determined that this kilogram is outside the comfort 
limits. 

In this article, if the 2500 kg vehicle is transformed to 2820 
kg, the optimal design is realized by changing the vehicle 
parameters to optimize the comfort standards by interpreting 
the simulation results using on the vehicle. 

When the vehicles change in such a way, there are frequent 
faults, frequent wear of the vehicle and uncomfortable noisy 
vibrations. Therefore, this vehicle is aimed to minimize the 
harmful and irritating effects of the vehicle by considering the 
comfort of the vehicle as well as the driving comfort. 
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Abstract - Especially with the development of manufacturing 
industry, it is aimed to make mechanical parts designs more 
durable. From this point of view, the design of mechanical 
equipments has an important role in production process. In 
industry, gears are most common power transmission equipments. 
They are placed in gearbox housing and supported between 
bearings through the shafts. During the power transmission, 
gears generate undesirable vibration and noise. In order to reduce 
noise and vibration levels, some modifications such as stiffened 
plate construction, ribbing, webs and stiffeners are frequently 
used on gearbox housings. These operations are conducted as a 
part of design-out maintenance to improve rigidity of a gearbox. 
In this study, three different gearbox housing designs (basic, cross 
and cellular) are formed and analyzed by using ANSYS
software. The design varieties for housings have been established 
inside of the structure as different quantity of longitudinal and 
transverse stiffeners. In addition, all the external dimensions and 
the mass of these three housing designs are equal in order to 
observe just vibration reduction. Results show that cross design 
has a good performance in terms of reduction of vibroactivity. 

 
Keywords - Gear, housing design, structural analysis, vibration, 

design-out maintenance. 
 

I. INTRODUCTION 

EARBOXES is one of the most important equipment in 
industry which provides controlled application of the 

power. Gearboxes use gears and gear trains to provide speed 
and torque transmission from a rotating power source to 
another device in desired ratios and high efficiency [1].  
Mechanical power transmission systems are desired to produce 
low vibration and noise, because excessive vibration on power 
transmission systems may cause damage to connected 
machine, damage to product quality, lead to degradation in 
plant working conditions, lead to consuming excessive power, 
reduce  lifetime, and finally knock it out of service 
and halt plant production. Therefore, maintenance methods 
have been developed in order to maintain the operation of the 
established system without interruption. These maintenance 
plans are illustrated in Figure 1. In these maintenance 
strategies, design-out maintenance (DOM) has more 
applications recently and it ensures sustainable production and 

economic contributions in industry [2]. Design-out 
maintenance also known as eliminative maintenance [3] is to 
improve the design of machine in order to minimize effect of 
failures, also vibration and noise as well as eliminate the cause 
of maintenance [4].  

 

 
Figure 1: Maintenance plans 

 
Redesigning and helpful modifications on machine can 

provide increase the systems reliability and machine 
performance. Therefore, in DOM, maintenance engineer works 
in close cooperation with design engineer [5]. The DOM has 
attracted much attention recently due to the increased use of 
structural analysis programs. Because of excessive costs 
associated with testing of real equipments, researches into 
structural and mechanical systems (gearbox in this study) are 
often conducted with the aid of numerical models and 
simulations. For modeling and simulations, structural analysis 
programs such as Solidworks  and Ansys  are often demanded 
and used extensively in the pre-production stage for design and 
analysis. These programs provide decrease of time and effort 
needed. After structural analysis on computer, the 
measurements and verification analyses are performed on test 
product. The final product is produced at the final stage.  
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The importance of the reduction of vibration generated by 
means of gears has grown in the recent years. During the 
power transmission, mechanical vibration also causes 
environmental noise. One of the possible ways to reduce this 
noise is to decrease vibration level in the source of the sound 
emitted. An important factor causing vibration and noise of the 
housing is dynamic forces evoked during the meshing between 
gears. On the other hand, the noise and vibration of gearboxes 
is emitted mainly by its housing [6]. In order to hold these 
structural effects as low as possible, different gear housing 
designs have been investigated. Vibration and noise are 
broadly accepted as a measure of quality of gearboxes and 
reduction of them are demanded. In a mechanical power 
transmission gear system, the vibration generated at the gears 
is conducted to the gearbox housing. For this reason, the 
design of a gearbox is critical for the noise and vibration.  

There are some researches carried out to reduce vibration in 
gear systems by using improved housing design. Inoue and 
Yamanaka researched the influence of stiffened plate 
construction in order to reduce the noise as well as the 
vibration. In their research, they researched the rib stiffener 
layout, most effective positions of stiffeners in order to reduce 
the vibration [7]. Kumar et al. tackled with the failure 
problems of transmission housing or gearbox which were main 
problems for vehicle manufacturers. They established that 
noise and vibration were the main reason. So as to reduce 
vibration and noise levels, they analyzed the natural 
frequencies and mode shapes of housings by ANSYS  [8]. 
Lazarz and Perun present a paper including the results of 
numerical and experimental studies on the influence of 
selected factors on the dynamic forces and vibration of the 
gearboxes. The study was performed using a dynamic model 
of a test stand with the gears operating in the circulating power 
system [9]. Folega et al. studied an experimental and 
theoretical modal analysis of structural solutions of housings 
gear. The modal analysis of examined gearbox housing 
versions enabled to estimate influence of made ribbing 
modifications on form and frequency of vibrations [10]. The 
aim of all these studies is to contribute to the production of 
lighter and better quality products at lower cost. 

Mechanical improvement of structure could be 
accomplished in two ways; one is producing better quality 
products, while keeping mass constant and the second one is 
achieving a predetermined quality by reducing in mass. In this 
study, structural improvements have been researched for 
equiponderant housings [11]. The purpose which differentiates 
this study from others is to achieve vibration reduction by 
maintaining equal mass for each gearbox housing designs. 
Furthermore, modifications on gearbox housing are applied on 
inner of gearboxes unlike the other studies.  Aims of this 
research can be summarized as reducing the vibration levels 
without increasing the weight, analyzing effects of the stiffener 
on housing designs, identifying the natural frequency influence 
on vibration levels. 

II. MECHANICAL DESIGN AND ANALYSIS 

A. Mechanical Design 

In this study, three different gearbox housing designs (basic, 
cross and cellular) are formed. All gearbox housings have been 
designed by keeping the same transfer ratio, the same external 
size and the same mass. The outer dimensions of these three 
gearboxes are 205 X 160 X 140 mm, which is fixed for all 
designs. The total weight of gearbox housings is equal and 

The design differences for 
housings have been established inside of the structure as usage 
of webs and stiffeners. So as to preserve the mass, wall 
thicknesses will be changed. All designed housings have been 
analyzed through modal analysis of ANSYS in order to 
determine natural frequencies. For the experiment, three 
different gearbox housings (basic, cross and cellular) are 
produced as usage of webs and stiffeners. The basic model of 
gearbox has no stiffener, no longitudinal and transverse webs. 
Housing solid models are shown in the Figures 2-4. The basic 
model of gearbox housing can be shown in Figure 2. 

 

 
Figure 2: The basic model 

 
 In order to determine design effects on gearbox vibration, 

longitudinal and transverse stiffeners are located to the centre 
line of the side walls and transverse stiffener is located to base 
wall, as shown in Figure 3. In addition, longitudinal webs are 
located around bearing races in order to support bearings and 
reduce vibration tendency. This second model is called as 
cross because of appearance of stiffeners. The weight, changed 
due to stiffeners and webs, is kept same by changing wall 
thickness in order to compare with basic model more reliably. 

 

 
Figure 3: The cross model 

 

796 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

For the third model called cellular, longitudinal and 
transverse webs are located to both side and base walls in 
order to strengthen body, as shown in Figure 4. The weight, 
decreased due to webs, is increased by thickened walls in 
order to maintain constant weight in comparison with basic 
model. 

 

 
Figure 4: The cellular model 

 

B. Natural Frequency Analysis  

Three housings were designed to enhance vibration 
tendency with the same external size and gear ratios. Natural 
frequency analyses of structures were executed by ANSYS and 
results are shown in the Table 1. According to Table 1, the 
first natural frequency of cross model and cellular model is 
higher than that of basic model. 

Table 1: Natural frequency results of the gearbox models obtained 
from the ANSYS 

Natural Frequencies (Hz) 

 Basic Model Cross Model Cellular Model 

f1 3203 3560 3345 

f2 3590 3605 3758 

f3 5223 5387 5237 

f4 7247 7264 7683 

f5 8668 8239 8572 

f6 9067 8416 8892 

 

III. PRODUCTION AND EXPERIMENTAL SETUP 

A. Production 

Casting model was produced for all three gearboxes. Since 
there were no differences between external dimensions of 
gearboxes, one model was produced for all the three 
designated gearboxes and three core boxes were produced for 
each design because of inner differences of housings. Gearbox 
housings were produced by method of aluminum gravity 
casting and the type of aluminum is Etial-150. Model is shown 
in the Figure 5. After casting operation, all gearboxes were 
machined for their bearing house. Three bodies were machined 
in the same manner and accuracy. Bearings were supplied 
from the same brand and with the same feature. Pinion gears 
and wheel gears were produced with the same accuracy in the 
same production line in order not to affect vibration analysis. 

The gear ratio of gearbox is 2,47. Gears were made by 8620 
case hardening steel (21NiCrMo2) and hardened to the value 
of 58-60HRC. Shafts of the wheel gears were produced in the 
same manner. 

 

 
Figure 5: Model of gear housing 

B. Experimental Setup 

The gearbox is driven by a 1.5 kW, 3000 rpm three-phase 
motor and a variable speed controller was used to drive the 
gearbox. The capacity of electromagnetic brake is 30 Nm, 
which is used in the system as a load for gearbox. The 
experimental setup is shown in Figure 6. 
 

 
Figure 6: Experimental setup 

 
The helical gears generate the vibration signals at every 

rotation and these signals are acquired using two PCB 352A76 
type accelerometers, whose frequency range is 5-16000Hz and 
its sensitivity 1 mV/g. The accelerometers were mounted to 
side wall of gearbox. A PCB 480C02 type signal conditioner 
has been used to optimize accelerometer outputs. The position 
of the input shaft has been indicated using a 5V DC ME4-
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S12L-PA type inductive sensor which produces a single pulse 
per rotation. This sensor has been used for the synchronous 
time domain averaging of the gear vibration signal. Analog to 
digital converter was used to transform signals. In this work NI 
DAQ Card (which is a trade mark of National Instrument Data 
Acquisition Card) 6036E has been used as an ADC. All the 
signals acquired from accelerometers have been sampled at a 
determined rate and have been recorded on a computer using 
NI DAQ Card and Lab VIEW 7.0 software. 

IV. RESULTS 

For this experimental study, the speed of motor revolution 
was set to 1500 rpm. The vibration signals and pulse signals 
(from inductive sensor) were sampled at 10 kHz and stored on 
a computer. The raw vibration data was acquired for 60 second 
that is equal to 1500 pinion gear rotation and 607 wheel gear 
rotation, owing to gear ratio. Statistical properties can be 
subsidiary and informative about improvement of the vibration 
tendencies of gearboxes. In this study, statistical properties of 
vibration signal as mean, root mean square (RMS), peak to 
peak and crest factor is used for explaining gearbox housing 
comparisons. According to designed gearbox housings, the 
results of these statistical properties are given in Figures 7-10.  

 

 
Figure 7: Mean of vibration signals on designed housings 

 

 
Figure 8: RMS of vibration signals on designed housings 

 
Figure 9: Peak to peak of vibration signals on designed housings 

 

 
Figure 10: Crest factor of vibration signals on designed housings 

 
According to results, the cross model shows minimum mean 

and RMS acceleration during the experiment. RMS and mean 
results for cellular and cross models are very close to each 
other. On the other hand, cellular model gives better results on 
peak to peak and crest factor results.  Consequently, cross and 
cellular designs decrease the vibration on gearbox and their 
results are sharply better than basic model.  

V. CONCLUSIONS 

The scope of this study is gearbox vibration reduction. In 
order to reduce vibration levels, some mechanical 
improvements were implemented to gearbox housings.  

Before these improvements are applied, modal analysis of 
ANSYS is conducted in order to find natural frequencies of 
gearbox designs. According to modal analysis, cross model 
has a higher first natural frequency than the others. That is an 
indication that the vibration of the cross model gearbox will be 
less.  

In addition, designed gearbox housings are produced and 
vibrations of them are measured during the experiment. 
According to experiment results, the cross model is chosen as 
a better design because of RMS value of its vibration signal. 
Therefore, it is obvious that adding stiffeners is better than 
applied webs in order to reduce vibration of gearbox housings.  

Consequently, vibration improvements have been achieved. 
These implementations contribute to design more rigid and 
durable parts. 

798 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

REFERENCES 

[1] Gearbox health monitoring and fault detection using 
vibration analysis.  Diss. PhD Thesis, Graduate School of Natural and 
Applied Sciences of Dokuz Eylul University, Turkey, 2006. 

[2] I. Tumer, Y. Stone and B. Robert. Mapping function to failure mode 
during component development  Research in Engineering Design, 
2003. 

[3] P. Gopalakrishnan and A. K. Banerji, Maintenance and spare parts 
management. PHI Learning Pvt. Ltd., 2013. 

[4] G. Waeyenbergh and L. Pintelon. "A framework for maintenance 
concept development." International Journal of Production Economics, 
2002. 

[5] A. K. Jain, "Influence of modification of design out maintenance & 
design out information system for maintenance cost control & a 
lucrative business (with case study)." International Journal of 
Engineering Trends and Technology, 2013. 

[6] T. Figlus, and A. Wilk. "Application of FEM method in reduction of 
gear transmission housing vibration." Journal of KONES, 2009.  

[7] K. Inoue, M.Yamanaka and M. Kihara. "Optimum stiffener layout for 
the reduction of vibration and noise of gearbox housing." Transactions-
American Society of Mechanical Engineers Journal of Mechanical 
Design, 2002. 

[8] A. Kumar, H. Jaiswal, A. Pandey and P.P.  Patil, Free Vibration 
Analysis of Truck Tr  Procedia 
Materials Science. 2014. 

[9] , and G. tion factors on the 
vibrational activity of the gearing." Transport Problems 7.2 (2012): 95-
102. 

[10] , R. Burdzik, L. Konieczny and A. Wieczorek, Influence of 
housing ribbing modification on freq  
Journal of Measurements in Engineering, September 2013. Volume 1, 
Issue 3. Issn 2335-2124. 

[11] xperimental analyses of gearbox housing design.  MSc 
Thesis, Graduate School of Natural and Applied Sciences of Dokuz 
Eylul University, Turkey, 2016. 

799 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 

Abstract - FGD (Flue Gas Desulphurization) unites of power 
plants are crucial regarding to environment and growing increase 
in the energy need should be considered with regards to 
contamination. Desulphurization unites utilizing limestone have 
cyclones in order to separate gypsum. The studied power plant 
FGD unites have cyclones with 4 joints with valves. Operational 
pressure and the open number of joint valve were the variables in 
order to understand the cyclone performance. Also, the effect of 
cold/hot water treatment on gypsum samples in terms of 
dehumidification, PSD (Particle Size Distribution) and chemical 
composition was investigated. Samples were collected from 
absorber, gypsum cyclone and vacuum belt in different process 
conditions. Cyclone samples were analyzed in terms of size 
distribution while gypsum samples were analyzed in terms of 

water treatment on the gypsum samples over the vacuum belt was 
observed regarding their chemical composition and size 
distribution. In order to understand the effect of process pressure 
on cyclone performance, 24 samples from each joint of cyclone 
with the pressure values of 150 kPa, 160 kPa, 170 kPa, 180 kPa, 
190 kPa, and 200 kPa. PSD analyzes were carried out with 
Malvern Mastersizer. Before and after hot water treatment, 
gypsum samples were analyzed in terms of PSD and one of the 
gypsum samples had D50 value of 31.93 and 35.48 before and 
after respectively. Hot water treatment on gypsum samples also 
affected the humidity ratio of the samples and it resulted as 
3.07% moisture decrease after the treatment. Also gypsum 
samples chemical composition 
((%CaO)+(%SO3)+(%MgO)+(%Fe2O3)+(%Al2O3)+(%CO2)+(
%SiO2)) increased from 99.72 % to 99.81%.  

Findings of this study would help future scientists and plant 
operators in the order of understanding the effect of hot and cold 
water treatment on gypsum samples. 

Keywords - Hot/cold Water Treatment, Gypsum, FGD, cyclone, 
desuphurization 
 

I. INTRODUCTION 

OWER plants are equipped with several sub systems and 
coal entering to power plant is processed to the final 

products (ash, byproducts, wastewater and flue gas). 
Schematic representation of power plant process and coal 
combustion final products is provided in Figure1.  

 

 
Figure1. Schematic representation of coal utilizing power 

plant and final products. 
 
In order to decrease the level of SO2 emission and to purify 
the wastewater a techonology called Wet Flue Gas 
Desulphurization (WFGD) is employed. WFGD, due to 
abovementioned purposes is one of the most important 
technology in a power plant in terms of water and atmosphere. 
WFGD system in the power plants due to its high efficiency 
and reliability is the most commonly used technology for 
controlling the emission of SO2 in the world (Zhong et al 
2008, Nolan et al 2004, Nygaard et al 2004, Jin et al 2006). 
Sketch of WFGD system in power plant is provided in 
Figure2. 
 

 
Figure2. Sketch of WFGD system in power plant. 

 

II. EXPERIMENTAL METHOD 

Samples were collected at various operating conditions and 
they were collected from absorber, gypsum cyclone and 
vacuum belt which are in the body of FGD system after NOx 
and fly ash were incurred. Sample collection frequency and the 
sampling points are provided in Table 1. 

 

Effect of inlet pressure and cold/hot water 
treatment on gypsum samples from FGD unite 
of power plant in terms of dehumidification, 

PSD and chemical composition  
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Table 1 Sampling points and the frequency of sampling for each 
unite. 

 

 Sample from absorber system were taken from discharge 
pump when the slurry density is 1.160 kg/m3.  

 Samples of gypsum cyclone exit were taken as changing the 
cyclone flow pressure by changing the valve opening of 
cyclone inlet flow. It was waited for 3 minute period for each 
sample during the pressure changes in order to stabilize the 
flow. 

 3 kg of sample was taken from vacuum belt and it was 
reduced down with quarter method for analysis.  

In Figure3, it was summarized the points of sampling and 
flow diagram of FGD system is provided. 

 

 Figure3. Flow diagram of FGD system and point of sampling 
(Walsh M.A 2008). 

 

Sampling was carried out as in the periods provided in Table 
1. Samples collected were tagged and systematically classified. 
Tagging of the samples were realized taking the day, time, 
sample name, operating pH and pressure into consideration.  

Cyclone samples are tagged in the order of cyclone name, 
cyclone over and under flow pressure and joint number of 
flowing stream. For example, BU1803 means, B cyclone, 180 
kPA and 3 open joints of flow stream. Number of analysis was 
carried out on the samples from various points. Cyclone 
samples were analyzed in terms of PSD and vacuum belt 
samples were analyzed in terms of hot/cold water treatment. In 
order to measure the effect of the difference in pumping 
pressures of circulating pumps on gypsum crystals size, 
analyzes (chemical composition, PSD analyzes) were carried 
out in the scope of this study. Chemical compositions of 
gypsums were carried out with XRF. Gypsum samples 
collected over the vacuum belt were analyzed before and heat 

particle size and chemical composition changes were 
observed. Chemical composition of the samples were analyzed 
with XRF and in Figure4 it was provided an image of XRF 
equipment used during analyzes.  

 
Figure4. Representation of XRF used in chemical 

composition analyzes. 
 

Samples were collected from absorber discharge pump, 
gypsum cyclone over and underflow and vacuum belt as 
mentioned in Table 1. In order to understand the cyclone 
performance with respect to cyclone operating pressure, 
samples were collected at pressures of 150 kPa, 160 kPa, 170 
kPa, 180 kPa, 190 kPa, 200 kPa over and underflow with 3 or 
4 joints opening and total of 24 samples were collected. 
Samples of cyclone inlet, under and over flow streams were 
taken and analyzed in terms of PSD and this was carried out 
with Malvern Mastersizer. In Figure5, a representation of 
Malvern Mastersizer equipment employed in PSD analyzes is 
provided. 
 

Point of sampling Frequency of Sampling 

Absorber 1 time 

Gypsum Cyclone One sample from over and under flow 

of cyclone with  each operation 

pressure of 150 KPa,160 KPa,170 

KPa, 180 KPa, 190 KPa, 200 KPa 

Vacuum Belt Exit Period of one week, one sample for 

each day 
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Figure5. Representation of Malvern Mastersizer used in PSD 

analyzes. 
 

III. RESULTS AND DISCUSSION 

Sample from absorber was analyzed in terms of PSD and 
chemical composition. 250 ml solution/slurry was taken from 
the pipeline under the absorber system and the density was 
measured with a densometer employing between 1100-1200 
kg/m3. Slurry sample  which has 1160 kg/m3 was the 
reference point and it was kept fixed for other samples. Sample 
was reduced as following the standards and sample for 
chemical analysis was prepared. In table 2, chemical 
composition analysis of the sample is provided.  

 
Table 2 Chemical compostion of the sample from absorber. 

Component CO2 Na2O MgO Al2O3 SiO2 P2O5 

Amount  
(% mass) 

8,37 0,03 0,86 0,65 1,76 0,01 

Component SO3 Cl K2O CaO TiO2 Fe2O3 

Amount  
(% mass) 

47,75 0,10 0,13 39,99 0,02 0,34 

 
Sample is basically the absorber slurry and PSD analysis 

was carried out on this sample as well. Malvern Mastersizer 
was employed for PSD analysis and results are provided in 
Table 3. 

In order to separate gypsum, cyclones are utilized in 
desulphurization systems which are using limestone slurry. In 
the body of the cyclone in power plant studied, there were 4 
joints of flow exit. Each joint and inlet has valve opening. 
Cyclone operating pressure (150 kPa,160 kPa,170 kPa,180 
kPa,190 kPa,200 kPa) and number of joints (3 and 4) were the 
parameters studied . Corresponded graphs were provided in 
Figure6 and Figure7. It was provided a comparison between 
BA1704 and BA1803 in Figure8. In Figure9, graph for PSD of 
cyclone inlet, over and underflow were provided. 

PSD analyzes were realized on the samples from cyclone 
underflow and vacuum belt. It was observed that after 
crystallization step, samples from underflow exit of cyclone 
has coarser fraction of material after separation by cyclone. As 
shown in Figure8 BA1803 has coarser fraction of material 
taking into consideration of the comparison between BA1703 
and BA1803. 

 

Figure6. Cyclone pressures (150 kPa, 160 kPa,170 kPa,180 
kPa,190 kPa,200 kPa) and PSD. 

Table 3. PSD analysis result of the sample from absorber.  

Size          
 

Amount 
(%) 

Cumulative 
amount 

oversize (%) 

Size          
 

Amount 
(%) 

Cumulative 
amount 
oversize 

(%) 

0,0582 0 100,00 2,6512 0,44265 95,33 

0,0679 0 100,00 3,0887 0,52749 94,89 

0,0791 0 100,00 3,5983 0,6188 94,36 

0,0921 0 100,00 4,192 0,69599 93,74 

0,1073 0 100,00 4,8837 0,71502 93,05 

0,125 0 100,00 5,6895 0,64947 92,33 

0,1456 0 100,00 6,6283 0,50016 91,68 

0,1697 0,00007 100,00 7,7219 0,35758 91,18 

0,1977 0,00068 100,00 8,996 0,16427 90,83 

0,2303 0,00481 100,00 10,4804 0,20311 90,66 

0,2683 0,02373 99,99 12,2096 0,43941 90,46 

0,3125 0,07429 99,97 14,2242 0,88187 90,02 

0,3641 0,14489 99,90 16,5712 1,67106 89,14 

0,4242 0,20903 99,75 19,3055 3,10801 87,47 

0,4941 0,28557 99,54 22,4909 5,64473 84,36 

0,5757 0,37168 99,26 26,2019 9,54405 78,71 

0,6707 0,39814 98,89 30,5252 14,10075 69,17 

0,7813 0,42401 98,49 35,5618 17,5676 55,07 

0,9103 0,39604 98,06 41,4295 15,56911 37,50 

1,0604 0,38546 97,67 48,2654 11,08319 21,93 

1,2354 0,39183 97,28 56,2292 6,58394 10,85 

1,4393 0,40577 96,89 65,507 3,14687 4,26 

1,6767 0,39258 96,48 76,3157 1,11719 1,12 

1,9534 0,36934 96,09 88,9077 0 0,00 

2,2757 0,38977 95,72 103,5775 0 0,00 
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Figure7. Cyclone pressures (150 kPa, 160 kPa,170 kPa,180 

kPa,190 kPa,200 kPa) and PSD. 
 

As referring to Figure7, It was observed that, BA1704 
sample has coarser material with 4 joints open case. 

 
 

 
Figure8. Comparision between BA1704 and BA1803 

 
In Figure8, BA1704 and BA1803 was compared because 

they have coarser size distribution regarding to other samples. 

704 sample  D10 

coarsest size distribution among all samples collected in 
operation conditions of pressure (150 kPa,160 kPa,170 
kPa,180 kPa,190 kPa,200 kPa) and joint opening number (3 or 
4). 

Figure9. PSD of cyclone inlet, over and underflow. 
 
In Figure9, it is shown that when BA1803 sample has coarse 

size distribution; inlet, under and over flow PSD of cyclone is 
provided. In Figure10, tromp curves for 3 cyclone at different 
operational pressures are plotted and presented. 

 

Figure10. Tromp curve of cyclone at various operational 
pressures.   

 
As following the order, the one on the right hand side with 

operational pressure of 180 kPa has the coarsest size 
distribution. Regarding to Figure10, it has D50 value of 21.59 

under the cyclone and separation was not good enough 
realized. 

 

IV. CONCLUSION 

In this study it was observed that variable operational 
pressure of cyclone and number of joints opening affect the 
PSD of gypsum samples while hot/cold water treatment on 
gypsum samples over the vacuum belt also has an important 
role on chemical composition, PSD and dehumidification rate. 
It was aimed to investigate what operation condition should be 
taken in order to have coarser fractionated gypsum samples 
and several pressure are employed on cyclones.  
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Analyzes carried out showed that 3 joints opening and 180 

kPa has the coarsest particle size distribution. Desired coarse 
particle distribution is provided as G150, BA1803 and 

 
It was analyzed and determined that Gypsum-0 sample has 

-1 sample has the 
-2 sample has the 

-1 sample which had been 
washed for 5 mins in boiling water has a coarser size (higher 

before.  
Experimental work on cold and hot water treatment was 

carried out on the vacuum belt. While Gypsum -1 sample has 
the moisture of 8.93%, Gypsum-0 has 12.15 % and Gypsum-2 
has 12.0 %. Regarding to these results hot water treatment 
(100 C) has helped to reduce 3.07 % percent of moisture in the 
body of gypsum. It was also noticed that Gypsum-0 and 
Gypsum-
MgO, Fe2O3, Al2O3, CO2, SiO2) increased from 99.72 % to 
99.81 %.  

This study would be helpful for the future studies in order to 
understand the cold and hot water treatment on gypsum 
samples. Not only future scientist would be aware of cyclone 
operational pressure change affect but also plant/FGD 
operators would take the role of number of joints opening into 
consideration. Optimization of cyclone pressure, number of 
joint opening and PSD would be enabled with future studies in 
this field.   
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Abstract - Recently, there are many environmental problems in 
our country as it is in the world in proportion with the rapid 
increase in the development of the country. One of these 
environmental problems is noise pollution. Along with the 
increase in train traffic, noise pollution in big cities first emerged 
as a big problem in small cities in the recent period. Although 
Bilecik is a relatively small province, a high-speed train passes 
through it. Bilecik, which is spread over several hills today, can 
be considered as a quiet city due to its beautiful nature and low 
population. However, the high-speed train from Konya to 
Istanbul passes through Bilecik. These high-speed trains also 
cause noise pollution. Measurements were made around the 
station and under the railway viaduct. A noise gauge was used for 
the measurement and the results were evaluated in terms of dBA. 
The measurement was determined to be 60-65 dBA around the 
station and 80-85 dBA below the railway viaduct, and it was 
observed that these values did not exceed the limit values of the 

be suitable for noise, and the same system should be applied for 
future projects. 
 

Keywords - Bilecik, Noise Measurement, High Speed Train 
Noise. 

 

I. INTRODUCTION 

NVIRONMENTAL noise is one of the side effects of 
public rail transit systems which are becoming more 

common in large cities of Turkey. One of these problems is the 
noise which exhibits itself in two different forms; one being 
the noise that disturbs passenger and the other is the 
environmental noise caused by the rapid rail systems [1].  
Railways are usually seen as an environmentally friendly 
option for large volumes of both passenger and freight traffic. 
Expansion of the high-speed railway network can help to curb 
the growth in road and air journeys; if freight is transferred 
back onto the rails this can remove heavy lorries from the 
roads; in densely populated areas new light rail and tramway 
schemes are being proposed to help solve traffic congestion. 
Railways are therefore entering a new era of higher speeds and 
higher capacities for intercity and urban systems, and for 
freight as well as passenger traffic. Unfortunately, noise and 
vibration are often perceived as an environmental weakness of 
railways. The prospect of new railway construction has led to 
resistance from residents, partly based on noise and vibration 
issues, which promoters are then required to take into account 

[2]. 
Bilecik is located on the high-speed train route in the north-
west of Turkey (Figure 1). 11 high-speed trains pass through 
Bilecik 5 transits per day. As the high-speed train passes by 
the city, the city has some effects. In this study high speed train 
noise passing through Bilecik province was measured and 
evaluated. 

 
Figure 1: High Speed Train and Planned Line in Turkey and 

Bilecik Location 

A. Environmental Noise 

Noise is defined as subjective "unwanted voice" that 
negatively affects live life. The presence of voices in everyday 
life is an important environmental issue that causes even the 
deaths in some situations that affect the comfort of life and 
human health negatively because of the violence of the 
increase and distribution as well as the necessity for the people 
to feel good about themselves [3]. The effects on health and 
quality of life physical effects such as hearing damage, 
physiological effects in body activity, psychological effects 
such as distress, discomfort, anger and other behavioral 
disorders, and performance effects such as decreased work 
efficiency and lack of understanding of audible sounds [4]. 

adverse psychological and physiological effects on humans 
and animals in four main groups: 
a) Traffic noise (eg, air, road, rail, sea) 
b) Industry noise (noise from various lines of business such as 
drill, turning, etc.) 
c) Construction noises (temporary tools working on the 
construction site, eg concrete mixer etc.). 
d) Noise (for example, pets, radio, wedding places, etc.) 
Increase of Environmental Noise Pollution 2010 
"Environmental Hazard Assessment and Management 
Regulation" was introduced in order to bring the priorities and 
take measures for the Ministry of Environment and Forestry 
[6]. In the said regulation, the line noise limit values of the 
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railed systems are given in Table 1 in decibels. According to 
this, the noise level of the last high-speed trains from Bilecik 
should not exceed 85 dBA for passing trains and 75 dBA for 
standing trains (Table 1). 
 

Table 1: Environmental Noise Limit Values for Trains 
 

Underground Stations Lday(dBA) 

Stalls, stairs, corridors 55 

Platforms (at 1.8 m from platform edge) 80 

For stop and move trains 85 

For passing trains 85 

For trains in operation 65 

Ventilation system within the station 55 

Ventilation ducts in the tracks (at 9.0 m) 55 

Emergency ventilation fans in enclosed 

spaces in the station (at 22.5 m.) 

80 

Overhead Stations Lday(dBA) 

Platforms (at 1.8 m from platform edge) 70 

For stop and move trains 75 

For trains in operation 65 

 

B. Noise Sources of High-Speed Trains 

The noise generated in the line length is the noise that is 
opened from the points where two separate structures touch 
while moving. The noise is mainly caused by wheel-rail 
contact. The locomotive noise is the most effective noise. 
There is also noise from the vehicle that is exposed to the air. 
The factors affecting the noise caused by train motion can be 
grouped under three headings; 
- Hardness and durability of the rail, 
- If a horizontal-straight form is formed or destroyed on the 
vehicle wheel, 
- The presence of small openings in the rails or the resulting 
openings. 
Noises and vibrations around the rail systems, in the air or on 
the walls and floor are disturbing. Vibrations, vehicle 
suspension system 
elastic and permanent collapses, roughness in the wheels and 
on the rail top surface, traverse transitions and scissor 
transitions. The speed of the vehicle is also influential on this 
issue. The components of the vehicle-road system have 
different natural frequencies. If the frequencies of the loads 
that the wheels transmit match any of these frequencies, there 
will be a strong vibration. The traverses of the vehicle axles 
also increase in vibration when the transition frequency is 
equal to the load frequency or natural frequencies. Vibrations 
and noise from the structure usually occur in the 0-100 Hz 
frequency range, while vehicle-road noises occur in the 30-
2000 Hz frequency range. The natural frequencies are 
independent of the speed, but the traversing frequency 
increases proportionally. Vibrations exceeding speeds of 8 
mm/s cause damage to road construction and environmental 
construction [7]. 

Figure 2 shows the process of rolling-noise generation 
schematically. The wheel and rail surfaces are not perfectly 
smooth, but contain small-amplitude unevennesses 
(roughness). This causes the wheel and rail to vibrate relative 
to each other, and these vibrations radiate noise to the wayside 
[2]. 

 
Figure 2: Schematic diagram showing how rolling noise is generated 

by the wheel/rail interaction [2] 

II. MATERIAL METHOD  

In this study, high speed train noise measurements were 
made in Bilecik province. Measurements were made using the 
SL814 brand digital sound and noise meter shown in Figure 3. 
For the measurement, a point where the settlement is 
concentrated and a station area were selected (Figure 4). The 
measurements were made 10 meters away from the trains. 

 

 
Figure 3: Noise Meter  
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Figure 4: Measured points 

I. RESULTS 

Measurements were made 1 hour in the day and evening 
according to the Regulation and Management of 
Environmental Intensity. In Figure 5, the first point noise 
measurement results are given. The rising values in Figure 5 
show the times when trains arrive. These results, which were 
taken close to the station, were measured lower than the 65 
dBA limit value determined by the regulation. 

 

 
a. Day Measurement 

 
 
 

 
b. Night Measurement 

Figure 5: First Point Noise Measurement Results 
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a. Day Measurement 

 

 
b. Night Measurement 

Figure 6: Second Point Noise Measurement Results 

II. CONCLUSION 

In this study, noise measurements of high speed trains 
passing through Bilecik province were made. With the 
development of a high-speed train network in our country, the 
noise created by high-speed trains becomes more important. 
The measurements made are within the limits determined by 
the noise regulations of high-speed trains passing through 
Bilecik. High-speed train lines are made properly and the new 
noise levels are kept at the appropriate level. In addition, even 
train sets that are working are also suitable for noise 
generation. 

Although the high speed train does not pass at high speeds 
at the measuring points, the resulting noise is very close to the 
limit values. This work needs to be done in the regions where 
the high-speed train passes faster and it must be repeated with 
the escape of the lines. Taking necessary precautions 
according to the results, noise generated by high-speed trains 
should be avoided.  
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Abstract - The problem of surface quality and cutting stability 

in the machining processes is very important and is strictly 

connected with the final quality of the product. Therefore, this 

paper describes a new theoretical model for the dynamic cutting 

forces of orthogonal cutting in turning. A specific advantage for 

the presented model is the convenience for vibration prediction. 

The presented dynamic force model is used to predict variable 

cutting forces with dynamic cutting between cutting tool and 

workpiece.  This model is considered two degree of freedom 

complex dynamic model of turning with orthogonal cutting 

system. The complex dynamic system consists of dynamic cutting 

system force model which is based on the shear angle ( ) 

oscillations and the penetration forces which are caused by the 

tool flank contact with the wavy surface. 

 
Keywords  Chatter, surface, dynamic cutting, turning, cutting 

tool, roughness 

 

I. INTRODUCTION 

O overcome surface roughness problems, the researchers 

propose models that try to simulate the conditions during 

machining and establish cause and effect relationships 

between various factors and desired product characteristics. 

Furthermore, the technological advances in the field, for 

instance the ever-growing use of computer controlled machine 

tools, have brought up new issues to deal with, which further 

emphasize the need for more precise predictive models. 

Surface roughness is a widely used index of product quality 

and in most cases a technical requirement for mechanical 

products. Achieving the desired surface quality is of great 

importance for the functional behavior of a part. On the other 

hand, the process dependent nature of the surface roughness 

formation mechanism along with the numerous uncontrollable 

factors that influence pertinent phenomena, make almost 

impossible a straightforward solution. The most common 

strategy involves the selection of conservative process 

parameters, which neither guarantees the achievement of the  

 

desired surface finish nor attains high metal removal rates [1]. 

The surface finish profile of a machined work is affected by 

the tool geometry, the work material, the cutting conditions 

and other factors such as tool wear, built-up edges and cutting 

dynamics. Cutting dynamics occurs in machining operations 

due to the interaction between the tool-workpiece structure and 

the force process. The most important result of this condition 

is chatter vibration. Regenerative chatter is so named because 

of the closed-loop nature of this interaction. Each tooth pass 

leaves a modulated surface on the work due to the vibrations 

of the tool and workpiece structures, causing a variation in the 

expected chip thickness. Under certain cutting conditions (i.e., 

feed, depth, and speed), large chip thickness variations, and 

hence force and displacement variations, occur and chatter is 

present. The results of chatter include a poor surface finish due 

to chatter marks, excessive tool wear, reduced dimensional 

accuracy, and tool damage. Machine tool operators often 

select conservative cutting conditions to avoid chatter, thus, 

decreasing productivity [2].  

Dynamic cutting force produces deformation between tool and 

workpiece. If this deformation remained constant throughout 

the machining operation a work accurate form could be 

obtained. However, it varies, and its variation causes errors of 

workpiece form. The blank of workpiece entering a machining 

operation does not have an exact geometric form. The sections 

of a cylinder will not be exactly round; longitudinally it may 

be barrel shaped or conical, and due to inaccurate clamping it 

-

face-milled will not initially be perfectly flat. Or it may be that 

in one turning cut the tool path is so programmed that the 

initial diameter will be reduced to two different diameters. For 

all this examples, the cutting force varies during the cut. 

Consequently, the deformation between tool and workpiece 

also varies, and initial form errors will be copied onto the 

machined surface.  Hence, cutting force F is a function of the 

depth of the cut  and of feed per revolution fr . Also, during a 

cutting pass the cutting force varies and often also the 

Effects On The Surface Quality In The 
Machining Processes Of The Tool Vibrations 

E. TURKES1, S. NESELI2, M. SAHIN3 S. SELVI4 

1 Kirklareli University, /Turkey, erol.turkes@klu.edu.tr 
2Selcuk University, Konya/Turkey, sneseli@selcuk.edu.tr 

3Trakya University, Edirne/Turkey, mumins@trakya.edu.tr 
4Trakya University, Edirne/Turkey, selcukselvi@trakya.edu.tr 

 

T 

809 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

flexibility between toll and work varies [3]. The roughness of a 

machined surface depends on many factors that can be 

grouped as: geometric factors, work material factors and 

vibration and machine tool factors. Vibration and machine tool 

factors are related to the machine tool, tooling, and setup in 

operation. They include chatter or vibration in the machine 

tool or cutting tool; deflections in the fixturing, often resulting 

in vibration; and backlash in the feed mechanism, particularly 

on older machine tools. If these machine tool factors can be 

minimized or eliminated, the surface roughness in machining 

will be determined primarily by the geometric factors and 

work material factors described previously [4].  

 

II. DYNAMIC CUTTING MODEL 

Chatter or vibration in a machining operation can result in 

pronounced waviness in the work surface. When chatter 

occurs, a distinctive noise is made that can be recognized by 

any machinist. Various criteria are used to evaluate 

machinability, the most important of which are; tool life, 

forces and power, surface finish, and ease of chip disposal. 

Although machinability generally refers to the work material, 

it should be recognized that machining performance depends 

on more than just material. The type of machining operation, 

tooling, and cutting conditions are also important factors, as 

are material properties. Chatter can be recognized by the noise 

associated with these vibrations, by the chatter marks on the 

cut surface, and by the appearance of the chips produced in 

turning. Machining with chatter is mostly unacceptable 

because of the chatter marks on the machined surface and 

because the large peak values of the variable cutting force 

might cause breakage of the tool or of some other part of the 

machine Chatter is often a factor limiting metal removal rate 

productivity of the machine [5].  In this paper, a complex 

dynamic system is modeled prior to the orthogonal cutting, 

which forms a mechanical cutting basis for all cutting 

processes in general. This dynamic system is used for turning. 

In order to determine the increased values of the damping and 

surface roughness this system is used. Therefore, for roughness 

and stability analysis modal analysis and chatter stability tests 

were performed for different materials, tool length and spindle 

speed. Chatter process damping model (PDM) is modeled as 

dynamic orthogonal cutting process with the process damping 

force. According to constant the shear stress ( ) of work 

material for various cutting speeds and feed ratios and the 

shear angle ( ) oscillations Static and Dynamic Cutting Force 

Coefficients (DCFC) are obtained by using the dynamic 

cutting force model. This model consists of tool penetration 

effect and oscillation of tool effect as shown in Fig. 1. [6]. 

 

 
 

Figure 1: Dynamic cutting model 
 

According to Figure 1, with considering the shear angle ( ) 

oscillations and the penetration, the equations of motion of 

cutting tool in (x) and (y) directions are: 

 

 

   

                        (1) 

where  and  are the mass coefficients (kg), cx and cy 

are the structural damping coefficients (kg/s), and  are 

the stiffness coefficients (N/m). Dynamic force ( [N]) can 

be represented by: 

                (2) 

where 
 
is the feed force constant (N/m2), and instantaneous 

dynamic chip thickness ( ) and dynamic chip thickness 

( ) are: 

 

      

       

              (3) 

Where, 
  

is undeformed chip thickness (mm), 

and  are modulations of the cut and outer work 

surface (mm), is the instantaneous work surface slope 

generated by the tool oscillation,  is the cutting speed of 

static cutting (m/s) and are the vibration velocities (m/s) 

in each direction. For any given work and tool materials, it is 

always possible to establish an empirical relation between the 
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shear angle  and the mean friction coefficient through 

experimentation. A general form of the angle relationship [7, 

8] for machining steel is given by Wu & Liu [9]: 

               (4) 

It is assumed that this relation between the shear angle  and 

the friction angle  is invariant in dynamic cutting. Thus it 

can be represented by: 

                (5)  

where C is the material constant which is insensitive to the 

machining conditions. Also, (0) sub-indexes in Eq. (4) are 

represented to static conditions. Making use of these formulas, 

the difference caused by the oscillation of [6], which is a 

theoretical and experimental cutting angle, is calculated. If this 

difference is substituted into the dynamic cutting model, 

dynamic resultant cutting force  [N] can be represented by: 

 

       

                 (6) 

where  is instantaneous shear plane length (mm),  is the 

shear stress of work (N/m2). Hence, dynamic cutting forces in 

both directions can be represented by: 

 

   

    (7) 

Where 
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Where is dynamic cutting constant [6]. Thus the dynamic 

cutting force components have been expressed analytically by 

the static cutting coefficients , and the dynamic cutting 

coefficients ,  and ,  which can be determined 

from static cutting tests. If DCFC used to the turning 

operations, according to Eq.(1) PDM can be expressed as 

follows;  

 

Where, ; ; ; 

; ; ; 

; . 

The process damping occurs further due to penetration of the 

tool into the wavy work surface. A ploughing force model has 

been proposed to describe the contact relationship between 

tool flank and machined surface. Based on this ploughing 

force analysis, a small volume of work material is pressed by 

the tool during wave cutting. In the meantime, a resistance 

force is generated by the stress field inside of the displaced 

work material. It is therefore reasonable to assume that the 

process damping force is equal to resistance force. The 

resistance force has been proven to be proportional to the 

volume of the displaced work material [6]. 

 

Figure 2: Penetration model of the cutting tool. 
 

 
According to Figure 2, total dynamic forces in both directions 
are written as follows: 
 

 

           (9) 
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where  and  are resistance force components in 

the (x) and (y) directions (N) and they can be expressed as: 

 

;         (10) 

Hence, the equations of motion in the (x) and (y) directions are 

written as: 

 

      (11) 

where  and  are the penetration damping coefficients 

(kg/s), and 
 

are damping 

coefficients (kg/s). In order to solve Eq.(11), if the equation 

according to the course taken by the relative movement of tool 

tip to the workpiece [10], 

                  (12) 

where,  is the linear speed in the rotation direction of the 

workpiece (m/s),  is the displacement of tool tip 

independently from workpiece on the axis  during cutting 

(m). When the derivative of Eq. (11) is taken as time related, 

 

                 (13) 

where was neglected, since, according to linear speed, it has 

no significant value for linear modeling. Eq. (11) with these 

simplifications; 

 

2

2
2
0

dl

xd
V  

0  

2

2

 

 
the following equations is obtained, 

 

     (12)  

 

thus, according to constant ( ) equation of motion is obtained 

instead of time dependent one, . If both sides of Eq. (12) are 

reduced for simplification, 

     

     

 
and if these values are placed and the equation is equaled to 

zero, and if Laplace transformation is applied, the 

characteristic equation of the system is obtained, 

 

   

                       (13) 

 

  

                       (14) 

   

                       (15) 
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  with further simplification,  

 

        

 

 

 

  

                      (16) 

 
are obtained 

      (17) 

 

      

    

 
According to the Nyquist criteria, the right side of this 

equation expresses Nyquist plane curve  and the left 

side expresses critical orbit . If  is taken in the 

equation, the roots of the characteristic Eq. (17) is found by 

equalizing the magnitude of the right side of the equation to 1, 

 

 

 

 

  

                       (18) 
 

Thus, the positive real root of this equation gives the chatter 

frequency of the system. 

III. STABILITY ANALYSIS 

Two methods are used for the determination of stable areas for 

chatter-free spindle speed or the system of spindle/tool 

holder/cutting tool. The first method is the determination of 

the natural frequency of the system and mode shapes by 

measuring transfer functions by using an impact hammer and 

accelerometer. Analytical predictions of performance can be 

done by using this information. The second method is 

performed of cutting tests. The method gives the cutting ability 

of spindle/cutting tool in a better completeness, but requires a 

number of tests to be performed. The first analysis technique is 

based on the investigation of stability and plotting the Stability 

Lobe Diagram (SLD) from the solution of the characteristic 

equation of the system depending on the critical parameters 

such as axial cutting depth of the system and spindle speed. 

Analytic prediction is realized by iterative analytical solution 

of time changing force coefficient of mathematical model 

formed by applying it to the distribution of Fourier series. This 

analysis is made with the acceptance that the force process is 

linear according to feed and depth which doesn't depend 

clearly on cutting speed. Additionally, studies have been made 

recently to mount a sensor/actuator on the tool/tool holder 

system on the machine tool designed to suppress chatter 

vibration [10-12]. In the cutting process dealt with in this 

section, SLD, which give stable and unstable cutting regions 

for chatter-free cutting, will be drawn according to two 

different forms explained in the previous section depending on 

cutting depth and spindle speed. According to -

decomposition form, the characteristic equation of the system 

is Eq. (16). The roots of this equation are obtained from the 

solution of Eq. (18). Each positive real root  is 

substituted back into the right side of Eq. (17) to find 

. The phase angle of the resulting number is 

computed as follows; 

            (19) 

 
and the value of time delay is found 
 

   k=0,1,2,3,.....        (20) 

Depending on this, maximum spindle speed  to be gained 

in stable cutting is found, 
 

             (21) 
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Where,  is frequency of the cutting tool (Hz); is the 

spindle speed (rd/s);  the fractional number of waves 

formed on the surface. It can be seen here that there is a phase 

shift between the inner and outer waves . The 

critical axial depth of cut can be found by writing the reel part 

of the characteristic equation to zero. Hence, 

              (22) 

 
is calculated.  
 

IV. ROUGHNESS FORMATION ON SURFACE 

Surfaces of metals are actually rough, and asperities 

representing the roughness of the surface exist in surfaces of 

metals. Workpieces, dies and tools are characterised by 

surface roughness. Until all asperities are flattened, surface 

roughness has an influence on the friction properties of those 

surfaces, especially at the beginning of metal forming 

processes. During the forming process asperities plough into 

each other, and thus a small sliding always exists. At the 

beginning of the process, since the tool is in contact just with 

the peaks of the asperities, the friction properties depend on 

the distribution of asperities, on their height and their 

deformation during the process, e.g. on the roughness of the 

contact surface. With the flattening of asperities the contact 

with the tool gets larger and this leads to varying friction 

properties [13].  

 
Figure 3: a) Chatter surface b) Smooth surface . 

However, chatter vibrations are present in almost all cutting 

operations and they are major obstacles in achieving desired 

productivity. Regenerative chatter is the most detrimental to 

any process as it creates excessive vibration between the tool 

and the workpiece, resulting in a poor surface finish, high-

pitch noise and accelerated tool wear which in turn reduces 

machine tool life, reliability and safety of the machining 

operation [14, 15]. When uncontrolled, chatter causes the 

rough surface end and dimensional inaccuracy of the 

workpiece, along with unacceptably loud noise levels and 

accelerated tool wear. In general, chatter is one of the most 

critical limiting factors, which is considered in designing a 

manufacturing process. The cutting force becomes periodically 

variable, reaching considerable amplitudes and the machined 

surface becomes undulated [16]. Grinding operation to reduce 

surface roughness often required. In this case, manufacturing 

cost is increased. Also, grinding operation can exceed 

dimensional tolerances of workpiece. Therefore, stable cutting 

is very important during chip removal.  

  

Figure 4: Surface roughness measurement results of chatter  
and smooth surfaces 
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V. CONCLUSION 

Chatter vibrations are major difficulties in all machining 
processes. These vibrations results rough surfaces, accelerated 
tool wear and increased dynamic cutting loads. All of these 
difficulties causes reduced machine tool life, reliability and 
safety of the machining operation. It is possible to eliminate 
such negative effects by preventing chatter vibration. Chatter 
detection and chatter control techniques helps for the stable 
manufacturing. To control the chatter vibrations, it is necesarry 
to analyze the cutting tool, tool holder and workpiece 
according to their material properties. It is also important in 
terms of surface quality of machined parts, installation with 
other machine elements, friction, tightness, fatigue strength of 
machine parts over time. These important aspects are even 
more important in the space and air industry. In space and 
aerospace industry engine materials are made of Titanium 
alloyed Inconel materials and they are processed at low cutting 
speeds because chatter vibration is more occurred when they 
are machined in vertical axis machining centers. However, 
with chatter vibration analysis, these materials used in space 
and aeronautics can achieve stable cutting without vibrations 
and smoother surfaces and as much serial processing as 
possible. 
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Abstract  The characteristic of biochar deeply depends on the 
properties of feedstock and operating parameters, such as 
lignocellulosic structure, temperature, residence time etc. The 
feedstock and parameters also affect the process yield. The aim of 
this study was to investigate the influence of parameters on 
poultry litter-based biochar characteristic and process yield 
statistically, besides the determination of optimum process 
condition for torrefaction. The relationship between three 
operating parameters (temperature, residence time, and bulk 
density) and three responses (energy yield, mass loss and H/C 
ratio of biochar) was individually investigated by analysis of 
variance (ANOVA). Moreover, the operating parameters were 
optimized with analyzing of the responses included also the 
increase in carbon content. As a result, the optimum conditions 
for torrefaction of poultry litter were determined to be at 

residence time of 60 minutes, and a bulk 
density of 200 kg/m3. Although the effects of temperature and 
bulk density taken more attention than that of residence time for 
energy yield and H/C ratio, the effect of residence time on the 
mass loss was obtained significantly higher than other 
parameters. If the shorter time is preferred for process, the 
increase in bulk density would be recommended.  

 
Keywords  Torrefaction, biochar, poultry litter, biomass, 

ANOVA.  
 

I. INTRODUCTION 

HE residual of poultry litter is rising in parallel with 
increase in number of poultry farming for Turkey [1], and 

that waste causes environmental problems due to difficulties in 
disposal of waste. Nowadays, the poultry litter is used as 
manure after keep waiting in the field at a certain time 
(composting) [1]. It can be also used as fuel in the firing 
systems however the efficiency of combustion is significantly 
reduced due to the changeable and higher moisture content of 
litter (about 25%) than other fuels [2]. The decrease in 
combustion yield is also shown by co-firing of other biomass 
with coal [3]. For this reason, torrefaction can be a key 
technology to increase the combustion yield of co-firing 
systems [4, 5]. Torrefaction is a pre-treatment process like a 
slow pyrolysis which can improve biomass properties. It is 
carried out at low temperature range of 200 n inert 
atmosphere to produce solid biofuels [6-9]. At the end of 

torrefaction, the produced solid biofuels is named biochar that 
has higher calorific value, more grindability and less moisture 
content. In some study about the dry animal wastes, variable 
t has 
especially been selected for production of active carbon [10-
15]. On the other hand, the poultry litter has also been 
converted to biochar in variable thermal processes at 
temperature range of 150  in different residence time 
between 30 and 480min [16, 17]. The effects of biochar on 
soil properties (e.g. electrical conductivity, pH) and sorption 
capacity of biochar is other investigation topics [18-22]. 
Moreover, the analysis of variance has generally been 
performed in the thermal processes for different biomass 
source to test the significant effect of the factors and their 
interaction effects. While temperature, residence time, flow 
rate, concentration of oxidizing agent, particle size etc. have 
been selected as independent variables, stable organic matter, 
biochar or liquid yield, pH or sorption ability etc. have been 
optimized as responses [23-28]. In this study, the main 
objective was to optimize the operating condition for 
torrefaction of poultry litter. Three independent operating 
parameters, i.e. temperature, residence time and bulk density, 
were selected and the influence on biochar characteristics and 
process yields was assessed by analysis of variance (ANOVA). 
The characterization of biochar was analyzed by the increase 
in carbon content, and H/C atomic ratio which is important 
chemical response for utilization of biochar as fuel and soil 
amendment. On the other hand, the torrefaction process was 
evaluated by energy yield and mass loss. In the assessment, the 
equilibrium between high biochar quality and high process 
yield was taken into account.  

II. MATERIAL AND METHOD 

The poultry litter as a feedstock was provided by a broiler 
farm in Izmir/Turkey. The characterization of feedstock is 
listed in Table 1. About 200g of dried feedstock was torrefied 
at different temperature in a stainless steel 6.5 L batch 
horizontal reactor under inert atmosphere at a heating rate of 

1. During torrefaction, biochar was formed within the 
reactor, and volatile products were passed through gas-
washing bottles cooled with ice for separating the liquid 
product from gas. At the end of torrefaction, the reactor was 
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cooled with nitrogen gas stream to keep stable moisture 
content of biochar, and it was finally weighted to calculate 
mass loss and energy yield. The bulk density as an operating 
parameter was calculated by filling into the graduated reactor 
and weighting the mass. 

For the analysis of samples, the produced biochar were 

-3 
standard procedure, moisture content of poultry litter was 
analyzed. Ultimate analysis of feedstock and biochar samples 
were carried out using elemental analyzer (Leco Truspec 
CHN-S, USA), and so H/C atomic ratio of biochar was 
determined by using results. Higher heating value (HHV) 
indicates the calorific value of fuel and it was analyzed by 
using bomb calorimeter (Parr 6300, USA) for calculation of 
energy yield. 

Table 1: Characterization of poultry litter used 

Moisture (%) 9.5 

Carbon (%) 42.8 

Hydrogen (%) 5.3 

Nitrogen (%) 3.5 

Sulphur (%) 0.9 

H/C atomic ratio (-) 1.49 

HHV (kcal/kg) 3849.4 

 
All results were evaluated in dry basis, and energy yield is 

written as: 

 (1) 

where m and HHV represent the mass and calorific value, 
respectively. The mass loss and increase in carbon content 
(ICC) are expressed by following relationship, respectively: 

 (2) 

 (3) 

where C is carbon content of biochar or poultry litter. 
In ANOVA analysis tested at 95% confidence interval, the 

independent operating parameters were selected as 
temperature, residence time and bulk density. The effect of 
these parameters on three responses, which were defined as 
energy yield, mass loss and H/C ratio, was investigated. As 
listed in Table 2, the poultry litter that had bulk density of 200, 
250 and 300 kg/m3 was torrefied at the temperature range of 

C  Effect of 
each parameter was analyzed in the experimental set 
individually while other parameters were constant. For 
analyzing the temperature effect, the processes were kept 
constant at a bulk density of 250 kg/m3 in 60 min. The effect 
of bulk density was analyzed by the processes at constant 

variable residence time were carried out with feedstock had 
stable bulk density of 300 kg/m3 at same constant temperature. 
Three repetitions were processed for each experiment, and 
ICC of biochar besides three responses was also taken into 
account for optimizing the process conditions. 

Table 2: Experimental sets according to independent operating parameters and the results of responses  

 Operating Parameters Characterization Proses Yields 

Exp. 
No 

Temperature 
 

Residence time 
(min) 

Bulk density 
(kg/m3) 

H/C ratio 
(-) 

ICC  
(%) 

Mass loss  
(%) 

Energy yield  
(%) 

1 280 60 250 1.20 31.32 37.58 81.95 

2 290 60 250 1.09 33.76 38.77 83.71 

3 300 60 250 0.87 47.83 39.12 85.88 

4 310 60 250 0.83 48.24 41.27 81.03 

5 300 40 200 0.85 43.26 42.01 81.76 

6 300 60 200 0.81 46.90 42.31 82.50 

7 300 60 250 0.86 47.86 38.99 87.29 

8 300 60 300 0.75 52.86 44.84 81.07 

9 300 40 300 0.80 47.87 44.66 79.78 

10 300 30 300 0.84 44.08 40.19 84.65 

 

III. RESULTS AND DISCUSSION 

In this study, energy yield and mass loss were indicated as 
process yield of torrefaction and the characterization of 
biochar was also specified with ICC and H/C atomic ratio. As 
shown in Table 2, three independent parameter were improved 
the process yield and characterization at variable rates. For this 
reason, the results were assessed and discussed individually. 

A. Effects of parameters on mass loss 

The minimum mass loss is preferred at the end of 
torrefaction for obtaining more biochar by weight. As shown 
in Table 2 the increase in temperature and residence time 
increased the mass loss due to devolatilization, however the 
linear change in mass loss was not observed by increment of 
bulk density in comparison with other parameters. According 
to analysis of variance, p-values were smaller than 0.05 and so 
it was found that the experimental models were significant for 
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each independent parameter (Table 3). The fitted model also 
represented the experimental data well with high correlation 
coefficients, R squared, 0.94 and 0.99. It can also be remarked 
depending on F-value that the highest effect on mass loss was 
observed by changing in residence time. On the other hand, the 
rate of change in mass loss by temperature  
was calculated as about 10% and minimum mass loss was 
observed in the process carried out by the bulk 
density of 250kg/m3. 

Table 3: ANOVA table for the effect on mass loss 

Summary of Temperature 

Groups Repetition Total Average Variance 

Cond. 1 3 112.74 37.58 0.2844 

Cond. 2 3 116.31 38.77 0.1891 

Cond. 3 3 117.36 39.12 0.0169 

Cond. 4 3 123.81 41.27 0.2107 

SS df MS F-value p-value R2 

Treatment 21.30 3 7.10 40.51 < 0.0001 0.94 

Residual 1.40 8 0.18  ***  

Total 22.70 11     

Summary of Bulk Density 

Groups Repetition Total Average Variance 

Cond. 1 3 126.93 42.31 0.1609 

Cond. 2 3 116.97 38.99 1.3636 

Cond. 3 3 134.51 44.84 0.0025 

SS df MS F-value p-value R2 

Treatment 51.59 2 25.79 50.68 0.0002 0.94 

Residual 3.05 6 0.51  ***  

Total 54.64 8     

Summary of Residence Time 

Groups Repetition Total Average Variance 

Cond. 1 3 120.57 40.19 0.1417 

Cond. 2 3 133.98 44.66 0.0001 

Cond. 3 3 134.51 44.84 0.0025 

SS df MS F-value p-value R2 

Treatment 41.60 2 20.80 432.37 < 0.0001 0.99 

Residual 0.29 6 0.05  ***  

Total 41.89 8     

B. Effects on energy yield 

In production process, the higher energy yield is preferred 
for using biochar as fuel, and minimum energy yield of 70% is 
observed at the end of torrefaction [29]. The calculated energy 
yields were higher than this situation as shown in Table 2. The 
experimental models were also significant according to p-
value and R squared in ANOVA analysis (Table 4). If F-values 
were assessed, the important parameter was able to be selected 
as temperature, and it was found that the bulk density was also 
able to affect the energy yield as much as the temperature. The 
change in energy yield by changing temperature and bulk 
density was calculated as 6% and 8%, respectively. On the 
other hand the energy yield was also changed at a rate of 4% 
with respect to residence time. Maximum energy yield was 

bulk density of 250kg/m3. 

Table 4: ANOVA table for the effect on energy yield 

Summary of Temperature 

Groups Repetition Total Average Variance 

Cond. 1 3 245.84 81.95 0.2972 

Cond. 2 3 251.14 83.71 0.5757 

Cond. 3 3 257.64 85.88 0.2279 

Cond. 4 3 243.08 81.03 0.6974 

SS df MS F-value p-value R2 

Treatment 41.17 3 13.72 30.53 < 0.0001 0.92 

Residual 3.60 8 0.45  ***  

Total 44.77 11     

Summary of Bulk Density 

Groups Repetition Total Average Variance 

Cond. 1 3 247.50 82.50 0.0722 

Cond. 2 3 261.86 87.29 2.4194 

Cond. 3 3 243.21 81.07 1.0721 

SS df MS F-value p-value R2 

Treatment 63.59 2 31.80 26.77 0.0010 0.90 

Residual 7.13 6 1.19  **  

Total 70.72 8     

Summary of Residence Time 

Groups Repetition Total Average Variance 

Cond. 1 3 253.95 84.65 3.33 

Cond. 2 3 239.36 79.79 0.51 

Cond. 3 3 243.21 81.07 1.32 

SS df MS F-value p-value R2 

Treatment 38.15 2 19.08 11.08 0.0097 0.79 

Residual 10.33 6 1.72  **  

Total 48.48 8     

C. Effects on H/C atomic ratio 

H/C atomic ratio can be described as the characterization of 
biochar, and this response is evaluated for selection of 
application area of biochar which can be both a fuel and soil 
amendment. The decrease in H/C ratio is expected at the end 
of torrefaction due to break hydrogen bond. If the calculated 
atomic ratio of biochar were investigated according to soil 
amendment standards setting by European Biochar Foundation 
(EBF) and International Biochar Initiative (IBI), H/C ratio was 
found slightly greater than upper limit of 0.7 (Table 2). On the 
other hand, the compatible results were obtained in previous 
studies [15, 30]. 

The experimental model was significant like other responses 
as shown in Table 5, and R squared was included in acceptable 
limits of statistical analysis [25, 26]. The effects of parameters 
on H/C ratio were similar with the effects on energy yield, and 
the influencing factors were found as temperature and bulk 
density according to F-value. In addition, H/C ratio was 
decreasing with increasing all independent parameters. The 
maximum rate of change in atomic ratio was obtained by 
temperature and calculated as 31%.  Minimum H/C ratio was 

using a bulk density of 300 kg/m3. This characterization result 
was observed better than previous process carried 
in 15 min and reported Azargohar et al. [15].  
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Table 5: ANOVA table for the effect on H/C atomic ratio 

Summary of Temperature 

Groups Repetition Total Average Variance 

Cond. 1 3 3.59 1.20 0.0006 

Cond. 2 3 3.26 1.09 0.0007 

Cond. 3 3 2.61 0.87 0.0008 

Cond. 4 3 2.50 0.83 0.0044 

SS df MS F-value p-value R2 

Treatment 0.27 3 0.0905 56.72 < 0.0001 0.96 

Residual 0.01 8 0.0016  ***  

Total 0.28 11     

Summary of Bulk Density 

Groups Repetition Total Average Variance 

Cond. 1 3 2.42 0.81 0.0002 

Cond. 2 3 2.58 0.86 0.0000 

Cond. 3 3 2.25 0.75 0.0002 

SS df MS F-value p-value R2 

Treatment 0.0181 2 0.0091 56.45 0.0001 0.95 

Residual 0.0010 6 0.0002  ***  

Total 0.0191 8     

Summary of Residence Time 

Groups Repetition Total Average Variance 

Cond. 1 3 2.51 0.84 0.0009 

Cond. 2 3 2.39 0.80 0.0001 

Cond. 3 3 2.25 0.75 0.0002 

SS df MS F-value p-value R2 

Treatment 0.0115 2 0.0057 14.31 0.0052 0.83 

Residual 0.0024 6 0.0004  **  

Total 0.0139 8     

D. Assessment of optimum process condition 

After individually effect analysis, the experiments were 
generally assessed by three responses to optimize process 
conditions. The summary of best results in experimental sets 
was listed in Table 6. If the experimental set which proceeded 
by variable temperature was investigated, the maximum energy 
yield was observed at exp. no 3 and 7, that carried out at 

 In addition, H/C ratio of biochar obtained by exp. no 3 
was decreased by changing bulk density, and thus the lowest 
H/C ratio was obtained by the bulk density of 300 kg/m3 (exp. 
no 8). The biochar that has lower H/C ratio than 1, has similar 
characteristics with lignite and coal as shown in Figure 1. Van-
Krevelen diagram was created by the results of different 
studies [8, 31-37], and the comparison of biochar with other 
results and fuels was clearly observed. At this point, whole 
biochar produced was able to be classified as lignite in Turkey, 
and so the mass loss becomes more important responses after 
characterization for optimization. The mass loss observed by 
exp. no 8 (44.84%) was greater than other results and it was 
not significantly affected by residence time from 60 to 40 min 
at variable bulk density depending on exp. no 5, 6, 8 and 9.  
The change in energy yield (1  1.5%) was also similar with 
that of mass loss. Furthermore, it was found that the 
characterization of biochar worsened at a rate of 5  9.4% in 
consequence of decrease in residence time from 60 to 40 min. 
Although the minimum mass loss was obtained by the 

residence time of 30 min (exp. no 10), the equilibrium point 
between the results of H/C ratio and mass loss was found at 

density of 200 kg/m3. ICC was also optimized in parallel with 
H/C ratio according to equilibrium point. In selected process, 
ICC was reached at average value of ICC of optimal results, 
and it was calculated as about 47%. 

Table 6: Optimal results and process conditions 

3 300 60 250 85.88 39.12 0.87 47.83 

7 300 60 250 87.29 38.99 0.86 47.86 

8 300 60 300 81.07 44.84 0.75 52.86 

9 300 40 300 79.78 44.66 0.80 47.87 

10 300 30 300 84.65 40.19 0.84 44.08 

6 300 60 200 82.50 42.31 0.81 46.90 

5 300 40 200 81.76 42.01 0.85 43.26 

 
 

 
Figure 1: The comparison of biochar produced from optimal 

process conditions with other fuels according to Van Krevelen 
diagram 

IV. CONCLUSION 

The aims of this study were to evaluate the effect of 
parameters on characterization and process yield, and to 
optimize the process condition of torrefaction of poultry litter. 
While the temperature, residence time, and bulk density were 
selected as operating parameters, energy yield, mass loss and 
H/C ratio were optimized as responses. Although three 
parameters affected the responses, the effects of temperature 
and bulk density taken more attention than that of residence 
time for energy yield and H/C ratio. Moreover, it was found 
that the effect of residence time on the mass loss was obtained 
significantly higher than other parameters. During optimization 
of parameter for torrefaction of poultry litter, equilibrium 
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between characterization of biochar and process yields was 
investigated. As a result of the process which carried out at 

3, the optimal 
characteristic of biochar and process yields were obtained. 
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Abstract - Since Turkey is a developing country with a huge 
economic growth, its energy demand is also increased. Fossil fuel 
energy consumptions includes the use of coal, oil products and 
natural gas. In this paper, the annual fossil fuel energy 
consumptions in Turkey were examined by using the 
multidimensional scaling analysis technique. The analysis results 
present that the 1994, 2002 and 2015 are the most significant 
years causing difference in the annual fossil fuel consumption. 
These analysis show that the use of fossil fuels is increasing in 
2015. Thus, this paper shows the usefulness of multidimensional 
scaling analysis technique for help in decision makers in energy 
management. 

 

 
Keywords - Energy, Turkey, Fossil Fuel, Multidimensional 

Scaling Analysis. 
 
 

I. INTRODUCTION 

NERGY is one of the factors regarding the guarantee of 
economic development of a country. The developing 

countries effort to obtain energy sources reliable in the long 
term to complete their economic development [1]
economy is growing, the primary energy consumption has 

seem limited [2-3]. 
 
In this study, multidimensional scaling analysis techniques 
were used to interpret annual fossil fuel consumption in 
Turkey. The objectives of the paper were: 

- to determine similarities or dissimilarities of the annual 
fossil fuel consumption using multidimensional scaling 
analysis technique; 
- to present the usefulness of the multidimensional 
scaling analysis technique to analysis the energy 
consumption. 
 
 

II. MATERIAL AND METHOD 

A. Dataset 

Annual fossil fuel consumption parameters were used in this 
study. The parameters of twenty two years were obtained from 
International Energy Agency. The selected parameters are; 
coal, oil products and natural gas. The annual fossil fuel 
consumption parameters were investigated by using the 
multidimensional scaling analysis technique.  
 
The case processing summary and procedure options (data 
options and model options) generated by the multidimensional 
scaling analysis is given below (Table 1-2.) 
 
 

Table 1. Case Processing Summary 
 

Cases 

Valid Missing Total 

N Percent N Percent N Percent 

0 100% 0 0% 3 100% 

 
 

Table 2. Procedure Options 
 

Data options  

Number of rows 22 

Number of columns 22 

Number of matrices 1 

Measurement  level Ordinal 

Data matrix shape Symmetric 

Type Dissimilarity 

  

Model Options  

Model Euclid 

Max. Dimensionality 2 

Min. Dimensionality 2 

Negative Weights Not permitted 
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B. Multidimensional Scaling Analysis Technique 

A multidimensional scaling analysis technique is a very 
important analysis technique for solving problems [4]. The aim 
of the technique is to present the observed structure of the 
interpoint distance in the final configuration as well as possible 
[5-7]. 
 
The dissimilarities are determined through the Euclidean 
distance measurements. Euclidean distance (dij) equation is 
given below. 
 

  

 
where zik and zjk are the values of variable k for i and j, 
respectively and m is the number of variables [8,6]. 
 
 

III. RESULT AND DISCUSSION 

 
The important problem in case of annual energy consumption 
is the complexity associated with analyzing. In this paper, the 
annual energy consumption parameters such as coal, oil 
products and natural gas were analyzed by using the 
multidimensional scaling analysis technique. Analysis results 
show that the determinate similarities or dissimilarities among 
the annual energy consumption.  
 
The scaled each data set, with increasing dimensionality, using 
the ALSCAL scaling algorithm. This algorithm minimizes a 

-Stress (specifically, the 
Takane-Young-de Leeuw formula) [9]. This paper, Young's S-
stress formula 1 is used and conclusion is given Table 3. 
 
 

Table 3. S-stress table 
 

Iteration S-Stress Improvement 

1 0.01149  

2 0.01006 0.00143 

3 0.0063 0.0043 

 
 
The multidimensional scaling analysis Dimensions (Dimension 
1 and Dimension 2) is presented in Table 4 and Figure 1. 
 
 
 
 
 

 
 

Table 4. Dimension values of years 
 

No Year Dimension 1 Dimension 2 

1 1994 2.0780 0.3496 

2 1995 1.6912 0.3832 

3 1996 1.4153 0.2300 

4 1997 1.2751 -0.0068 

5 1998 1.3143 -0.0699 

6 1999 1.4325 0.2378 

7 2000 0.9864 -0.3143 

8 2001 1.3105 0.3156 

9 2002 0.9129 -0.0541 

10 2003 0.5534 -0.2532 

11 2004 0.3391 -0.2824 

12 2005 0.0763 -0.844 

13 2006 -0.6002 -0.2534 

14 2007 -0.9674 -0.4314 

15 2008 -0.7140 -0.2887 

16 2009 -0.4383 -0.2786 

17 2010 -0.8477 0.4564 

18 2011 -1.5831 -0.1871 

19 2012 -1.9364 -0.4985 

20 2013 -1.9037 0.4764 

21 2014 -1.8746 0.5563 

22 2015 -2.5195 0.9104 

 
 
The dissimilarities among the annual fossil fuel consumption 
parameters including coal, oil products and natural gas were 
assessed according to Dimension-1 and Dimension-2 (Table 
4).  
 
Table 1 and Figure 1 showed that the 2015 and 1994 are the 
least similar annual energy consumption according to the 
Dimension-1. Similarly, 2015 and 2012 are the most dissimilar 
years according to Dimension-2. 
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Figure 1. The analysis plot for the years 

 
 
The annual energy consumption parameters including coal, oil 
products and natural gas causing dissimilarity between 2015 
and 1994 was presented by Figure 2. Figure presented the 
coal, oil products and natural gas consumption have increased 
considerably in 2015.  
 

 

 

Figure 2. Comparison of Y1994 and Y2015 

 
 
The annual fossil fuel consumption parameters causing 
dissimilarity according to Dimension-2 presented by Figure 3.  
 
The figure 3 presented that the 2012 and 2015 causing 
differences. Thus, It was determined that, Figures 2-3 was 
supported by the technique. 
 

 

 

Figure 3. Comparison of Y2012 and Y2015 

 

 

IV. CONCLUSION 
 
Multidimensional scaling technique can be used to obtain 
information about complex data set. In this paper, the annual 
energy consumption parameters were examined by using the 
analysis technique. The technique was used to classify annual 
fossil energy consumption with dissimilarities in Turkey. 
According to the results of the analysis, the annual energy 
consumption was different in 1994, 2012 and 2015. Finally, 
this paper presents that the usefulness of multidimensional 
scaling analysis technique in annual energy consumption  
investigation. 
 
 

REFERENCES 
 

[1] Yerel Kandemir, S., Assessment of coal deposit using multivariate 
statistical analysis techniques, Energy Sources Part A: Recovery, 
Utilization and Environmental Effects, Vol. 38, No 7, 2001-1006, 2003. 

[2] Turkish Petroleum Corporation (TPC), 2002, Energy in Turkey. Ankara, 
Turkey: Ajans-Turk Basin and Basim Co. 

[3] Brinkster Communication Corporations (BCC), 2003, Summary report 
of Turkish energy sector. 

[4] Borg I and Groenen P, Modern multidimensional scaling theory and 
applications; Springer New York, 1997, 472. 

[5] Evtimov S and Ivanov M.,2007, Intraannual dissimilarities between 
monthly mean Northern Hemisphere temperature anomalies during the 
twentieth century, Theoretical and Applied Climatology, 90, 161-168. 

[6] Yerel S, 2009, Investigation of water quality characteristics by using 
factor and multidimensional scaling analyses in Porsuk river (Turkey); 
Asian J Chem., 2009, 21, 7234-7240. 

[7] Yerel, S. and Ankara, H., 2010, Assessment of Water Quality 
Parameters by Using the Multidimensional Scaling Analysis, E-Journal 
of Chemistry, 7(4): 1274-1277. 

[8] T. Kowalkowski, R. Zbytniewski, J. Szpejna and B. Buszewski, 2006, 
Application of chemometrics in river water classification. Water 
Research, 40(4), 744 752. 

823 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

[9] Takane Y, Young FW, 1977, de Leeuw J. Nonmetric individual 
differences multidimensional scaling: An alternating least squares 
method with optimal scaling features. Psychometrika. 42:7 67. 

 
 

824 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 

   Abstract - This study presents a novel approach for biohydrogen 
production from fruit and vegetable wastes (FVWs) through dry 
fermentation technology (DFT). The pretreatment of FVWs via 
autoclaving (EXP1) resulted in improved hydrogen percentage of 
44% and total hydrogen production reached almost 97% higher 
than the experiment (EXP2) without autoclaving.  
 

Keywords  biohydrogen, dark fermentation, fruit and 
vegetable wastes, renewable energy. 

 

I. INTRODUCTION 

HE European Union (EU) has revised European Directive 
2009/28/EC to set a new target for 2030 which includes 
40% reduction in greenhouse gas emissions compared to 

1990 and 27% renewable energy consumption by 2030. Thus, 
there is a high demand to find alternative and sustainable 
(renewable) energy sources. In this respect, hydrogen has 
received greater attention in recent years as promising 
alternative energy source due to its high energy content per 
unit of weight (143 MJ/Kg) and in addition, oxidative 
combustion of hydrogen generating water as the only by-
product. Biological hydrogen processes is recognized as an 
efficient method as it is less energy intensive which can be 
carried out near ambient temperature and pressure [1]. Among 
them, dark fermentative hydrogen production utilizes a group 
of strict or facultative anaerobes which are either in pure, co-
culture or mixed consortium. Besides, by proper designing and 
optimization, even organic wastes can be treated and used for 
the generation of hydrogen. According to the Food and 
Agriculture Organization of the United Nations (FAO), 
approximately one-third of all food produced for human 
consumption every year is being lost or wasted, i.e., around 1.3 
billion tons. The maximum of which were all FVWs that 
accounts for 45 %. In this paper, experiments were performed 
to understand of effect of substrate (FVWs) pretreatment 
through autoclaving on hydrogen production by dark dry 
anaerobic fermentation.  
 

II. MATERIALS AND METHODS 

A. Feedstock and Inoculum used 

The FVWs was obtained from the Izmir municipality bazar 
(Turkey) and were chopped in to small pieces (< 5 cm). The 
inoculum used was collected from a local biogas plant that 
uses dairy product as feed (Izmir, Turkey) and was undergone 
pre-treatment at 1050C for 10 min in order to gather hydrogen 
producers. The characteristics of pretreated inoculum used for 
studies were found as pH of 9.45, soluble COD of 9000 mg/L, 
total sugar of 900 mg/L, ammonium concentration of 3610 
mg/L, TS and VS of 7.9 and 4.8 g/L, respectively.   

B. Dry fermentation system 

The experiments were performed in a fully automated stirred 
tank (ST) single walled reactor of a total volume of 13 L 
(INFORS HT Labfors 5 reactor, Switzerland) which contains 
hydrogen producing microbes and a 55-L costume made 
reactor (DF) where the wastes and hydrogen producers were 
mixed and filled for treatment (Fig.1). Temperature of the ST 
reactor was controlled via an inbuilt temperature sensor 
(pt100) that was inserted in a blink pocket of the reactor and 
by using cold finger to circulate the cooling water. Dry 
fermentor was fabricated from an autoclave unit and an 
aluminum basket with holes around the sides and bottoms were 
placed inside the unit for introducing the FVWs and holding it, 
allowing the leachate to flow freely to the bottom of the dry 
fermentor unit to the leachate collection tube. Inside 
temperature of the dry fermentor unit was controlled by 
circulating controlled temperature water through the stainless 
steel coil which is placed inside the dry fermentor unit. A 
sprayer was fixed under the cap of the dry fermentor to spray 
the liquid through the FVWs in order to have sufficient moist 
of microbes and also to washout the metabolites adhere on the 
FVWs. 

B, 
Sweden) having detection range from 20 to 4000 ml/h was 
connected each to the gas outlet of the percolation tank and the 
dry fermentor to monitor the total gas produced. The gas flow 
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rate and total gas volume were normalized by the gas flow 
meter with real-time pressure and temperature and were 
accurately measured and read. Gas sampling ports were also 
connected to the gas outlets for characterizing the gas 
produced using gas chromatography.  
 
 

 
 
          (a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         (b) 
 
Figure 1: Dry fermentation experimental set-up: (a) stirred 
tank reactor and (b) dry fermentor.  
 

C. Dry fermentation Experiment 

Two independent dry fermentation experiments were 
performed: one with autoclaved FVWs (pretreated) and second 
one with raw FVWs (unpretreated).  For both experiments, the 
ST reactor was filled with 4.3 L sludge from the biogas plant 
along with 200 ml of 40 (X) times concentrated basal medium. 

The composition of basal medium ((X) per liter of distilled 
water) used contained 1.25 g/l NaHCO3; 0.5 g/l NH4Cl; 
0.25 g/l KH2PO4; 0.25 g/l CaCl2, 0.032 g/l NiSO4; 0.32 g/l 
MgSO4  7H2O; 0.02 g/l FeCl2; 0.0144 g/l Na2MoO4  2H2O; 
0.023 g/l ZnCl2; 0.021 g/l CoCl2  6H2O; 0.01 g/l 
CuCl2  6H2O and 0.03 g/l MnCl2  4H2O.  The working 
volume was then made up with FVWs liquid and distilled 
water to reach a total of 8 L. The ST was then undergo heat 
pretreated at 105 0C for 10 min using an autoclave and later 
flushed for few minutes with argon before starting the 
experiment to ensure anaerobic conditions.  It was maintained 

0C with a constant agitation 
of 250 rpm throughout the experiment. The pH was maintained 
uncontrolled throughout the experiment.  
Dry fermentor (DF) basket was filled by mixing 4.83 kg FVWs 
(< 5 cm) with 0.7 L of preheated inoculum and 17.5 ml of 
40(X) basal medium. An experiment was performed with no 
pre-treated FVWs and the second experiment was with 
autoclaved FVWs. During the feeding days, the leachate (L) 
from the DF was drained from the leachate collection tube and 
the respective volume of liquid from the ST was removed and 
introduced to DF. Leachate (L) was then introduced into the 
ST. Argon was flushed through the DF once each day to 
remove the head space CO2.  
Gas sample of 2 ml was taken from the outlet sampling port of 
the ST and DF to monitor the concentrations of various gas 
components (H2, CO2 and CH4). Similarly 10 ml of liquid 
samples were withdrawn in order to measure the metabolites 
concentrations, NH4

+, soluble COD and soluble sugar 
concentrations.  

D. Analytical Methods 

Gas-phase H2 concentrations were measured by 6890N 
(Agilent technologies) gas chromatograph (GC) equipped with 
a thermal conductivity detector (TCD) by injecting 3-5 ml of 
headspace sample collected using a gas tight syringe (Agilent). 
The GC was fitted with HayesepD 80/100 packed column. The 
injector, oven and detector temperatures maintained at 150, 35 

. Argon was used as the carrier gas at 
a flow rate of 20 ml/min. The soluble metabolites were 
analysed by GC (6890N Agilent) equipped with a flame 
ionization detector and TR-

was 40 0C for 3 min followed with a ramp of 20 0C/min to 60 
0C for 3 min and then increased at 30 0C/min to 120 0C for 4 
min and reach a final temperature with ramp of 30 0C/min to 
240 0C for 6 min. The temperatures of the injector and detector 
were both 240 0C. Helium was used as the carrier gas at 
constant pressure of 103 kPa. The liquid sample is centrifuged 

using ortho-phosphoric acid before analysing via GC. The 
soluble chemical oxygen demand (SCOD) was determined by 
using Hach LCK 114 COD kit and concentration was read 
directly using the Hach Pocket Colorimeter II. NH4

+ 
concentration determination was performed using 
Spectroquant Ammonium Test kit and the absorbance was 
measured at a wavelength of 600 nm using a UV visible 
spectrophotometer (Aquamate plus UV-Vis, Thermo 

Heating Unit 

Infors HT STR- 13 L 

Heating Unit Leachate collection 

Gas Mass flow meter  
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Scientific). The absorbance value was used to calculate the 
corresponding NH4

+ concentration (mg L-1) by comparing to 
the previously generated calibration curve. The soluble 
carbohydrate concentrations were measured using phenol 
sulphuric acid method by Masuko et al., 2005. Total solids 
(TS) and volatile solids (VS) were also determined using 
standard methods (APHA-AWWA-WPCF, 1998). 

III. RESULTS AND DISCUSSION 

Dark anaerobic fermentation to generate biohydrogen is 
considered as a promising candidate in terms of sustainable 
energy production technologies which is relatively simple and 
also an inexpensive way to treat organic wastes, by a group of 
microorganisms which are either facultative or obligate 
anaerobes [2]. In contrast to commonly utilized wet 
fermentation technology (WFT) where the total solid content 
is < 10 %, DFT has several advantages such as higher organic 
loading rate, the requirement of small reactor volume and 
easiness in handling and transport the digestate, which is a 
stable product that can be directly applied on land [3]. In this 
study, several factors were manipulated to favour biohydrogen 
production, such as heat pretreatment of inoculum to select 
hydrogen producers over methanogens; washing out the 
produced CO2 from the headspace of the dry fermentation 
reactor (DF) to prevent the consumption of H2 by 
homoacetogens; FVWs pretreatment by autoclaving to make 
the biomass polymer easily accessible for microbial attack and 
finally, the fermentation pH was regulated within the range of 
5.5 7.0 to favour hydrogen production and which in turn affect 
the metabolite distribution. 
Two independent experiments (called EXP1: autoclaved and 
EXP2: non-autoclaved) were performed to compare the effect 
of substrate pretreatment (autoclaving) on hydrogen 
production.  Both experiments were stopped after about 8 days 
results were evaluated. It was observed that autoclaving 
profoundly improved the H2% in DF. A maximum H2% of 
44% was obtained in EXP1, which is 221% higher than the 
maximum observed in EXP2. No methane was observed in DF 
for both experiments. However, little amount of methane was 
observed at the headspace of ST. The fermentation (combining 
ST and DF) produced a total amount of 10248 and 5180 ml of 
H2 respectively in EXP1and EXP2. It is worth to note that the 
total amount of gas produced in EXP1 is almost double the 
amount produced in EXP2. The total H2 and %H2 obtained in 
DF for both experiments are shown in Fig. 2. As can be 
observed from the Fig.2 that almost 90% of the accumulated 
hydrogen in the EXP1 was produced within the two days of the 
fermentation process. This is important in terms of economics 
of the process as higher amount of hydrogen could be obtained 
within a few days.  Appropriate pretreatment of raw waste is 
often required to reduce the degree of polymerization and 
thereby to favour hydrolysis. Steam explosion is considered as 
an effective method for pretreatment which employs steam at a 
high pressure and high temperature [4]. This method has 
several advantages over other pretreatment methods in terms 
of corrosion problems and other environmental issues. Also 

High temperature improves the hydrogen production as 
observed in various thermophilic studies. This prompted us to 
study effect of autoclaving at 1210C for 20 min as a 
pretreatment method. The hydrogen yield of 13.4 mLH2 gVS

-1 
and 1.385 mLH2 gVS

-1 were obtained from DF respectively in 
EXP1 and EXP2. 
 

 
 
            (a) 
  

 
           (b) 
 
Figure 2: Hydrogen percentage and total production in Exp1 
(a) and Exp2 (b) from dry fermentor system.  
 
These low yields of hydrogen for both EXP1 and EXP2 
compared to those reported in the literature were likely the 
result of ammonia inhibition (3610 mg/L) which was caused 
by decomposition of organic matters in inoculum to ammonia 
with time.  
Irrigation of ST percolate over the FVWs and feeding of 
leachate collected from the bottom of the DF into the ST were 
performed on every alternative day until the 8th day. The main 
purpose of irrigating with percolate is to washout the VFAs 
generated during fermentation thereby avoiding metabolites 
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inhibition. Acetic acid and butyric acid were prominent 
metabolites observed in the leachate for EXP1 with maximum 
concentrations of 6102 and 5436 mg/L, respectively (Fig.3). 
However, profound amount of ethanol (3000-4000 mg/L) was 
reached in EXP2. This could be also one of the reasons of the 
low hydrogen production in EXP2 as ethanol pathway is 
associated with zero hydrogen production. Presence of 
propionic acid of around 400 mg/L in both experiments also 
adversely affects the hydrogen production as propionate 
consumes produced hydrogen.  

 
           (a) 

 
           (b) 
 
 Figure 3: Metabolites profile in Exp1 (a) and Exp2 (b) 
 
Although the amount of hydrogen produced with autoclaved 
substrates is considerably higher, there are various parameters 
such as particle size of the substrate, temperature, etc. which 
could improve the overall productivity from the process. Thus, 
the set-up of further optimization assays is therefore 
warranted. 
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Abstract - Controllable or uncontrollable parameters like 
elevation difference between soil levels, soil properties, selected 
wall dimensions, case of groundwater, construction area, intended 
use and cost have been affected design of retaining walls that 
connects two different soil levels. In this study, factors effect on 
the design of the cantilever retaining walls which have an 
important place in geotechnical engineering applications have 
been investigated experimentally. For different wall height and 
soil properties Signal/Noise (S/N) and variance analysis have been 
performed separately by using L16 design tables. At result of 
analysis, effect of the base width, the angle, the toe extension, the 
footing thickness and the top stem thickness of wall on safety 
factors of sliding and overturning have been studied. For 
different conditions of soil and wall, points to consider in pre-
sizing of wall have been designated and graphics and tables have 
been enhanced. 
 

Keywords - Cantilever Retaining Wall, Taguchi Method, 
Mathematical Model 

 

I. INTRODUCTION 

N geotechnical engineering, retaining walls are commonly 
used in the solution of the problem of connecting two 

different soil levels with a vertical element to provide stability 
conditions. In the design of retaining wall by using traditional 
methods, according to selected wall dimensions like the wall 
height, the length of wall, toe extension, height of stem, 
thickness of stem and angle of wall necessary verifications 
have been conducted.  Several studies about the design of 
retaining wall have been made [1, 2]. If the selected wall 
dimensions do not satisfy verifications like sliding and 
overturning, according to new selected wall dimensions 
verifications should have been repeated. This trial and error 
method continues until stability verifications are provided for 
selected wall dimensions. This method is not only time 
consuming but also it does not guarantee that an economic 
design can be reached. To obtain economic wall dimensions in 
reasonable time, an optimization method which is based on 
statistical analysis has been suggested by Taguchi [3]. This 
method allows to determine the effects of parameters on 
design and to obtain results with few experiments instead of 
many experiments [4-6]. The design criteria of the gabion 
retaining wall, which is another type of retaining wall, has 
been investigated by using the Taguchi method [7]. 

In this study, effect of parameters like the length of base, 
thickness of base, toe extension, thickness of stem and angle of 
wall on the design of cantilever design has been investigated 
by Taguchi Method and variance and optimization analysis 
have been performed. Using the main parameters affecting the 
design, design tables have been created to be full factorial with 
five parameters and four levels. All safety factors of sliding 
and overturning have been determined for each case 
corresponding to different 
variance (ANOVA) and optimization analysis have been 
performed for these safety factors and have been determined 
effects of parameters on the cantilever retaining wall. 

II. CODES USED IN DESIGN OF CANTILER RETAINING WALL 

In this section, national and international pre-design 
guidelines have been given, which enable to determine the 
appropriate wall dimensions in a shorter time. 

  In Figure 1, "Soil Retaining Structures; Properties and 
Guidelines for Design, TS 7994 [8] " is given. Dimensions of 
the retaining wall firstly, should be determined depend on the 
wall height. The depth of embedment should be taken as 80 cm 
for all foundation, but it should be taken as 120cm in frozen 
region. Toe extension of the retaining wall should be selected 
B/3 (B: the length of the wall). If verifications do not satisfy, 
dimensions of l1 and l2 should calculated again 

. 

 
Figure 1: TS7994 Pre-design guideline. 
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  In Figure 2, foreseen wall dimensions according to 
Building Code Requirements for Structural Concrete, ACI 

318-08 [9] " is given. To obtain economic wall design, the 
stems of cantilever retaining walls are normally made of 
constant thickness for wall height up to 12 ft. For above 12 ft 
heights, the thickness of stem should be made with increasing 
width bottom to top of stem. The minimum thickness of the 
base should be selected as 10-12inch [10]. 

 

 
Figure 2: ACI318 Pre-design guideline. 

 
In LRFD Bridge Design Specifications [11], foreseen 

dimensions of the length of base, thickness of base and toe 
extension have given. The length of base should be chosen 
between 70 and 75 percent of the stem height and thickness of 
base should be chosen between 10 and 15 percent of the stem 
height. The toe extension should be equal to approximately 30 
percent of the length of base. 

III. TAGUCHI METHOD  

  Taguchi is a method which minimizes the effects of 
uncontrollable factors and limits number of analyses by using 
orthogonal arrays. In Taguchi Method, result is evaluated by 
calculating Signal/Noise (S/N) ratio of data obtained from the 
analysis.  

According to Taguchi Method parameters affecting the 
results are divided into two groups, controllable and 
uncontrollable parameters. Uncontrollable parameters are 
density of soil, s= 18 kN/m3

levels which arranged according to orthogonal array levels are 
given in Table 1.  

Table 1: Controllable parameters. 

Parameter Level 1 Level 2 Level 3 Level4 

Length of Base (B) 0,25H 0,50 H 0,75 H 1,0 H 

Toe Extension (Bt) 0,15 B 0,30 B 0,45 B 0,60 B 

Thickness of base (d) 0,05 H 0,07 H 0,09 H 0,11 H 

Thickness of stem (b) 0,05 H 0,075 H 0,10 H 0,125 H 

Angle of wall (m) %0 %2 %4 %8 

 

      In Taguchi Method, selection of orthogonal array is 
carried out according to number of level and total degree of 
freedom. General representation of orthogonal array is Ld(a)k or 
Ld. Here d is the total number of analysis, a is the number of 
level of parameters, k is number of parameters and L 
demonstrates orthogonal array. In this study, the number of 
analysis is 45 =1024 and instead of 1024, 16 designs have been 
made by using L16 orthogonal array. In Table 2, controllable 
parameters which are arranged according to Taguchi are given. 
According to L16 design table, safety factors of sliding and 
overturning have been obtained by using computer program 

  

Table 2: L16 Design Table 

No B Bt d b m 

1 B1 Bt1 d1 b1 m1 

2 B1 Bt2 d2 b2 m2 

3 B1 Bt3 d3 b3 m3 

4 B1 Bt4 d4 b4 m4 

5 B2 Bt1 d2 b4 m3 

6 B2 Bt2 d1 b3 m4 

7 B2 Bt3 d4 b2 m1 

8 B2 Bt4 d3 b1 m2 

9 B3 Bt1 d3 b2 m4 

10 B3 Bt2 d4 b1 m3 

11 B3 Bt3 d1 b4 m2 

12 B3 Bt4 d2 b3 m1 

13 B4 Bt1 d4 b3 m2 

14 B4 Bt2 d3 b4 m1 

15 B4 Bt3 d2 b1 m4 

16 B4 Bt4 d1 b2 m3 

 

IV. SIGNAL/NOISE (S/N), VARIANCE AND OPTIMIZATION 

ANALYSES 

Signal/Noise ratio which is defined by Taguchi is analysis to 
minimize effect of controllable parameters on result. The S/N 
ratio, which is a statistical value, is divided according to the 
target (minimum best, greatest best, and best value target) 
reached at the end of the study in practice [4]. In this study, 
calculating of S/N ratio was performed according to the target 

 
 

             
                  (1) 

            
   Where Y is the end of the analysis and n is the number of 

repetitions. The average S/N ratios for each design have been 
calculated using the safety factors of sliding and overturning 
obtained from the computer analysis for different the wall 
height and the angle of internal friction (Table 3-6). 
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Table 3: S/N and safety factor values for sliding ( .   

No 
H=4m H=8m 

Fs S/N Fs S/N 
1 1,322 2,424 1,355 2,638 
2 1,293 2,231 1,268 2,062 
3 1,264 2,034 1,182 1,452 
4 1,174 1,393 0,966 -0,301 
5 1,724 4,73 2,193 6,820 
6 1,611 4,141 1,903 5,588 
7 1,573 3,934 1,772 4,969 
8 1,470 3,346 1,504 3,544 
9 2,061 6,281 2,892 9,223 
10 1,960 5,845 2,603 8,309 
11 1,872 5,446 2,343 7,395 
12 1,762 4,92 2,034 6,162 
13 2,487 7,913 3,782 11,554 
14 2,348 7,413 3,387 10,596 
15 2,110 6,485 2,780 8,880 
16 1,979 5,928 2,403 7,615 

Table 4: S/N and safety fac  

No 
H=4m H=8m 

Fs S/N Fs S/N 
1 2,944 9,378 0,619 -4,167 
2 2,881 9,190 0,579 -4,747 
3 2,819 9,001 0,539 -5,450 
4 2,627 8,389 0,437 -7,191 
5 3,806 11,609 1,010 0,086 
6 3,564 11,038 0,874 -1,170 
7 3,481 10,834 0,813 -1,799 
8 3,262 10,269 0,688 -3,249 
9 4,529 13,120 1,335 2,509 
10 4,313 12,695 1,201 1,590 
11 4,125 12,308 1,080 0,608 
12 3,888 11,794 0,936 -0,575 
13 5,444 14,718 1,750 4,860 
14 5,145 14,227 1,566 3,895 
15 4,635 13,320 1,283 2,164 
16 4,354 12,777 1,108 0,890 

Table 5: S/N and safety factor   

No 
H=4m H=8m 

Fs S/N Fs S/N 
1 0,846 -1,453 0,848 -1,433 
2 0,861 -1,300 0,860 -1,311 
3 0,872 -1,190 0,862 -1,290 
4 0,727 -2,770 0,623 -4,111 
5 2,400 7,604 3,176 10,037 
6 2,299 7,230 2,986 9,501 
7 2,210 6,887 2,792 8,918 
8 1,972 5,898 2,348 7,413 
9 4,811 13,644 6,786 16,632 
10 4,651 13,350 6,463 16,208 
11 4,473 13,011 6,059 15,648 
12 4,091 12,236 5,291 14,470 
13 8,354 18,437 12,094 22,238 
14 8,112 18,182 11,583 21,276 
15 7,269 17,229 10,072 20,062 
16 6,635 16,436 8,776 18,856 

 

Average S/N ratios corresponding to each parameter level 
are given in Table 7-10. 

Table 6: .   

No 
H=4m H=8m 

Fs S/N Fs S/N 
1 1,535 3,722 0,542 -5,321 
2 1,556 3,840 0,550 -5,193 
3 1,574 3,940 0,551 -5,177 
4 1,356 2,645 0,392 -8,135 
5 3,872 11,758 2,090 6,402 
6 3,179 10,045 1,964 5,862 
7 3,587 11,094 1,835 5,272 
8 3,227 10,175 1,539 3,744 
9 7,498 17,498 4,490 13,044 

10 7,258 17,216 4,276 12,620 
11 6,990 16,889 4,007 12,054 
12 6,415 16,143 3,496 10,871 
13 12,827 22,162 8,019 18,082 
14 12,463 21,912 7,680 17,707 
15 11,195 20,980 6,675 16,489 
16 10,241 20,206 5,814 15,289 

Table 7: . 

Parameter Level 1 Level 2 Level 3 Level 4 

B 2,021 4,038 5,623 6,935 

Bt 5,337 4,908 4,475 3,897 

d 4,485 4,592 4,769 4,771 

b 4,673 4,734 4,634 4,575 

m 4,525 4,594 4,752 4,746 

Average 
S/N 

4,654 

B 1,463 5,23 7,772 9,661 

Bt 7,559 6,639 5,674 4,255 

d 5,809 5,981 6,204 6,133 

b 6,091 6,139 6,049 5,848 

m 5,843 5,967 6,189 6,128 

Average 
S/N 

6,032 

Table 8: Average S/N . 

Parameter Level 1 Level 2 Level 3 Level 4 
B 8,990 10,937 12,479 13,761 
Bt 12,206 11,788 11,366 10,807 
d 11,375 11,478 11,654 11,659 
b 11,558 11,621 11,521 11,467 
m 11,416 11,480 11,638 11,633 

Average 
S/N 

11,542 

B -5,389 -1,533 1,048 2,952 
Bt 0,822 -0,108 -1,104 -2,531 
d -0,945 -0,768 -0,573 -0,635 
b -0,661 -0,617 -0,721 -0,922 
m -0,915 -0,787 -0,584 -0,635 

Average 
S/N 

-0,730 

 
In Figure 3 and 4, graphical representation of average S/N 
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ratio change between S/N and the parameters of length of base 
and toe extension respectively for safety factor of sliding. In 
Figure 3, as the length of base increases, safety factor of 
sliding increases. In Figure 4, as the toe extension increases, 
safety factor of sliding reduces. 

Table 9: . 

Parameter Level 1 Level 2 Level 3 Level 4 

B -1,678 6,905 13,061 17,571 

Bt 9,558 9,366 8,984 7,950 

d 8,806 8,942 9,133 8,976 

b 8,963 9,012 9,050 8,833 

m 8,756 8,917 9,178 9,007 

Average 
S/N 

8,965 

B -2,036 8,967 15,739 20,608 

Bt 11,869 11,42 10,834 9,157 

d 10,643 10,82 11,008 10,813 

b 10,808 11 10,953 10,521 

m 10,563 10,77 11,23 10,712 

Average 
S/N 

10,82 

Table 10: Average S/N ratio fo . 

Parameter Level 1 Level 2 Level 3 Level 4 

B 3,536 10,768 16,937 21,315 

Bt 13,785 13,253 13,226 12,292 

d 12,716 13,180 13,381 13,279 

b 13,218 13,267 13,280 12,792 

m 13,023 13,160 13,073 13,301 

Average 
S/N 

13,139 

B -5,957 5,32 12,147 16,892 

Bt 8,052 7,749 7,159 5,442 

d 6,971 7,142 7,329 6,96 

b 7,132 7,172 7,284 6,815 

m 6,883 7,103 7,409 7,007 

Average 
S/N 

7,101 

 

 
Figure 3: Change between length of base and S/N ratio for safety 

factor of sliding. 

In Figure 5 and 6, graphical representation of average S/N 
ratio change between S/N and the parameters of length of base 
and toe extension respectively for safety factor of overturning. 
In Figure 5, as the length of base increases, safety factor of 
sliding increases, rapidly. In Figure 6, as toe extension 
increases, safety factor of sliding shows approximately linear 
behavior. According to obtained results from S/N analysis, 
parameters of thickness of base, thickness of stem and wall 
angle have been determined that there is no effect on the wall 
design. 

 
Figure 4: Change between toe extension and S/N ratio for safety 

factor of sliding. 
 

 
Figure 5: Change between length of base and S/N ratio for safety 

factor of overturning. 
 

 
Figure 6: Change between toe extension and S/N ratio for safety 

factor of overturning. 
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Variance analysis have been conducted to determine effect 
of the parameters in the design of cantilever retaining wall and 
results of analysis are given in Table 11-14. 

Table 11: Results of analysis of variance for sliding safety factor 
 

H 
(m) 

Parameter 
Degree of 
Freedom 
(DOF) 

Sum of 
Squares (Ss) 

Variance 
Percent 
(P) (%) 

4 

B 3 53,82 17,94 91,513 
Bt 3 4,546 1,515 7,73 
d 3 0,237 0,079 0,403 
b 3 0,053 0,017 0,09 
m 3 0,153 0,051 0,26 

Total 15 58,809   100 

8 

B 3 150,881 50,293 85,882 
Bt 3 23,941 7,98 13,627 
d 3 0,367 0,122 0,209 
b 3 0,196 0,65 0,111 
m 3 0,294 0,098 0,167 

Total 15 175,679   100 

Table 12: Results of analysis of variance for sliding safety factor 
 

H 
(m) 

Parameter 
Degree of 
Freedom 
(DOF) 

Sum of 
Squares (Ss) 

Variance 
Percent 
(P) (%) 

4 

B 3 50,722 16,907 91,484 
Bt 3 4,289 1,429 7,735 
d 3 0,232 0,077 0,418 
b 3 0,05 0,016 0,091 
m 3 0,149 0,49 0,268 

Total 15 55,442 100 

8 

B 3 156,276 52,092 85,955 
Bt 3 24,72 8,24 13,596 
d 3 0,324 0,108 0,178 
b 3 0,217 0,072 0,119 
m 3 0,271 0,09 0,149 

Total 15 181,808 100 

Table 13: Results of analysis of variance for overturning safety factor 
 

H 
(m) 

Parameter 
Degree of 
Freedom 
(DOF) 

Sum of 
Squares 

(Ss) 
Variance 

Percent 
(P) (%) 

4 

B 3 883,464 277,821 99,182 
Bt 3 6,17 2,056 0,734 
d 3 0,216 0,072 0,025 
b 3 0,106 0,035 0,012 
m 3 0,373 0,124 0,044 

Total 15 890,329 100 

8 

B 3 1154,853 384,951 98,406 
Bt 3 16,893 5,631 1,439 
d 3 0,266 0,088 0,022 
b 3 0,553 0,184 0,047 
m 3 0,991 0,33 0,084 

Total 15 1173,556   100 

 

Table 14: Results of analysis of variance for overturning safety factor 
 

H 
(m) 

Parameter 
Degree of 
Freedom 
(DOF) 

Sum of 
Squares 

(Ss) 
Variance 

Percent 
(P) (%) 

4 

B 3 716,402 238,8 99,102 
Bt 3 4,618 1,536 0,638 
d 3 1,037 0,345 0,143 
b 3 0,65 0,216 0,09 
m 3 0,177 0,059 0,024 

Total 15 722,884   100 

8 

B 3 1179,957 393,319 98,516 
Bt 3 16,315 5,348 1,362 
d 3 0,362 12 0,03 
b 3 0,484 0,161 0,04 
m 3 0,605 0,201 0,05 

Total 15 1197,723   100 

 
Optimization analysis determines parameter levels and 

values which make maximum safety factors. These analyses 
have been applied for safety factors of sliding and overturning 
for different the wall heights and values of angle of internal 
friction. As a result of this analysis parameter levels which are 
given expected maximum safety factors of sliding and 
overturning have been obtained. According to the obtained 
parameter levels, safety factors of sliding and overturning have 
been found by the computer program (Table 15-18). 

V. CONCLUSION 

In this study, effects of parameters on design of cantilever 
retaining wall has been investigated by using Taguchi Method 
which is one of the strongest optimization technique. 
Parameters which affect the design of cantilever retaining wall 
are length of base, toe extension, thickness of base, thickness 
of stem and wall angle According to Taguchi Method by using 
L16 orthogonal array which consist of four levels and five 
parameters 16 different designs were modeled and analyzed by 
computer program to obtain safety factors of sliding and 

alyses 
have been performed by using results gained from computer 
analyses. 

S/N analyses show that the safety factors of sliding and 
overturning has an inverse proportion relationship with 
increasing of toe extension (Bt) and directly proportional with 
increasing of length of base (B). The results show that change 
of values of parameters, thickness of base, thickness of stem 
and wall angle, does not have any influence on design of 
cantilever retaining wall.  

According to variance analysis, the most effective parameter 
in design of cantilever retaining wall is the base width with an 
approximately 90-98 percent and the second effective 
parameter is the toe extension with an approximately 7 
percent. 

As a result of optimization analysis generally the maximum 
safety factors of sliding and overturning have been obtained 
for B = 1,0H, Bt=0,15B, d =0,09H, b= 0,075H and m=%4.  

In this study, prediction and optimization analyses which 
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has been made by using Taguchi Method for safety factors of 
sliding and overturning, show that results obtained from these 
analyses is close to real value. Consequently, Taguchi Method 
can be used in application of geotechnical engineering as an 
optimization technique. 

Table 15: Results of analysis of variance for sliding safety factor 
 

H 
(m) 

Parameter Level 
Level 

Description 
Contribution 

4 

B 4 1,0 H 2,28 
Bt 1 0,15 B 0,683 
d 4 0,11 H 0,117 
b 2 0,075 H 0,079 
m 3 %4 0,098 

Expected maximum safety factor Fs 
(max) for this level 

7,911 

Found by computer analysis maximum 
safety factor Fs (max) 

2,466 

8 

B 4 1,0 H 3,682 
Bt 1 0,15 H 1,552 
d 3 0,09 H 0,156 
b 2 0,075 H 0,113 
m 3 %4 0,146 

Expected maximum safety factor Fs 
(max) for this level 

 4,919 

Found by computer analysis maximum 
safety factor Fs (max) 

1,717 

Table 16: Results of analysis of variance for sliding safety factor 
 

H 
(m) 

Parameter Level 
Level 

Description 
Contribution 

4 

B 4 1,0 H 2,218 
Bt 1 0,15 B 0,664 
d 4 0,11 H 0,17 
b 2 0,075 H 0,079 
m 3 %4 0,096 

Expected maximum safety factor Fs 
(max) for this level 

14,716 

Found by computer analysis maximum 
safety factor Fs (max) 

5,397 

8 

B 4 1,0 H 3,682 
Bt 1 0,15 B 1,552 
d 3 0,09 H 0,156 
b 2 0,075 H 0,113 
m 3 %4 0,146 

Expected maximum safety factor Fs 
(max) for this level 

 11,624 

Found by computer analysis maximum 
safety factor Fs (max) 

3,710 
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Abstract - In this study, fatigue analysis of a missile body 
structure during captive carriage at the underwing of a fixed wing 
aircraft platform is performed. The F-16 jet aircraft was 
determined as a fixed wing aircraft platform. As the external store, 
a data measurement store (DMS) was designed to measure loads 
during five different sorties. Acceleration and strain data were 
collected during the test. Accelerometers were used to generate 
power spectral densities (PSD) for the vibration tests and fatigue 
analyses. Strain gages were placed to the most critical locations for 
fatigue calculations.  
 

Keywords  Fatique life, random data, random vibration, finite 
element, power spectral density.  
 

I. INTRODUCTION 

IRCRAFT wing platforms have great importance and 
are very commonly used vehicles in militaries. However, 

without mounting external stores like missiles, bombs etc. 
Usage of these aircrafts will be pointless. Therefore, external 
stores are indispensable necessities for these aircrafts. 
Consequently, design and production of external stores is very 
crucial for military applications. During the design of an 
external store, one must know the loads which the external store 
will encounter during its lifespan. During this lifespan, external 
stores encounter several types of loading like inertial loads, 
shock loads etc. Among these loads, random vibration loads are 
one of the most important ones. By definition, random vibration 
is the excitation of all frequencies while value of this random 
vibration is not predictable at any time.  

Moreover, some external stores can be exposed to these 
random vibration loads for a long time. For instance, some 
missiles must be attached to the aircrafts continuously for 
emergency situations; thus, random vibration exposure duration 
of these missiles can be very long such as several hundred or 
thousand hours. As a result, these loads cause structural failure 
of the external stores especially due to fatigue. By definition, 
fatigue is one of the reasons of structural failure which can 
occur in a metallic material due to the repeated application of 
stresses and strains which never reach a level sufficient to cause 
failure in a single application. Therefore, it is important to know 
the loads on the external stores to avoid fatigue.  

 
Dreher [1] worked on the development of random vibration 

test criteria for aircraft equipment. He collected acceleration 
data from 4 different aircrafts, two of them were fighter bomber 

types and two of them were cargo types. He showed variance 
of the vibration level by speed of the aircraft, aerodynamic 
pressure and surface geometry for different parts of aircraft. 
Findings of this study were generalized to pertinent, adaptable 
random vibration test criteria for aircraft equipment and this 
criterion is included in MIL-STD-810 [2]. 

 
Eldred et al. [3] presented the various sources of vibrations 

in space vehicles and equipment with formulation and 
experimental data. They also investigated the response of the 
parts with both empirical and analytical approaches. Moreover, 
they discussed combining of various dynamic responses during 
the service life of the vehicle for vibration tests.  

 
Lyon [4] also presented dynamic environment of a flight 

vehicle, prediction of vehicle response and simulation of 
expected environment in the test. Bendat et al. [5] did research 
on checking data for randomness, stationary and normality. 
Some basic inspection methods and tests were recommended in 
their study.  

 
Halfpenny [6] compared fatigue life results of different 

frequency domain fatigue analyses (Narrow Band and Dirlik [7] 
methods) and time domain analysis. In his research, he found 
Dirlik method gives the best comparable results with the 
traditional time domain approaches. Dirlik method gives 
average discrepancy of only 4% from the fatigue life calculated 
in the time domain.  

 
Topham [8] evaluated and compared the fatigue damage 

from two different vibration events and an envelope of both 
events. He used the Advanced Medium Range Air-to-Air 
Missile (AMRAAM) as the test item and the McDonnell 
Douglas F-15 Eagle as its platform for his study. Then, he used 
the same vibration test profile for the equipment test and the 
section test and compared fatigue damage from these both tests. 
 
Behrooz et al. [9] compared Findley [10] multi-axial stress 
based methods with the test results. They calculated fatigue life 
for a steel shaft of a highspeed micro generator rotor which was 
exposed to the torsional and bending stresses at the same time. 
They did multi-axial fatigue life analysis with Findley methods 
and compared the results with fatigue tests. Using Findley 
methods, they found almost the same order of magnitude of life 
prediction with the test results. 
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II. EXPERIMENTAL STUDY 

In this study, a Data Measurement Store (DMS) as shown in 
Figure 2a and 2b was used to measure the vibration loads for 
fatigue calculations. Accelerometers were placed at critical 
parts and locations considering vibration tests and strain gages 
were placed to high stress expected locations. Accelerometers 
were used to generate power spectral densities (PSDs) for the 
vibration tests and fatigue analyses. Strain gages were used for 
fatigue calculations; therefore, they were placed at the most 
critical locations on the store. In total, 7 accelerometers and 51 
strain gages were placed on the store. All accelerometers were 
3 axial and dynamic accelerometers which measure the data 
above 1 Hz. However, one of the 7 accelerometers broke down 
during the flights and no meaningful data were retrieved from 
this accelerometer. Locations of other 6 accelerometers are 
shown in Fig. 1. From 51 strain gages, 3 of them were 
rectangular rosette pattern, 16 of them were shear pattern and 
32 of them were linear pattern stain gages. Locations of other 
strain gage are shown in Fig. 2b. 
 

 
 
Figure 1: Locations of the accelerometers and the strain gages on the 

DMS 

 
In Fig. 1, two of the symbols which point at the wings of the 
store represent all 48 strain gages on the shafts of the wings. 
Other two symbols in the middle represent the rectangular 
rosette strain gages in front of the store hangers. There are three 
hangers (front, mid and aft hangers) in the store and there were 
three rosette strain gages in front of each of them. However, the 
rosette in front of the front hanger broke down and no 
meaningful data were retrieved from this rosette strain gage. 
Fig. 2 shows the locations of other two rosette strain gages. All 
gages in rosettes (3 gages for 1 rosette) were connected to the 
data acquisition system to form a quarter bridges. 
 

  
 

Figure 2: Locations of rosette strain gages on the DMS 

 
The DMS was mounted to the F-16C jet aircraft during sorties. 
In total, the DMS attached to the aircraft flew 5 sorties. In 2 of 
these sorties, the DMS was attached to 9th station of the aircraft 
and during other sorties, it was attached to the 8th station of the 
aircraft. In general, 3 types of data were obtained from the 
sorties. One of them is Mux Bus data obtained from the aircraft 
which consists of aircraft dynamic data such as altitude, speed, 

accelerations of the aircraft (Fig. 3). Other two are acceleration 
and strain data obtained from the DMS. 
 

 
 

Figure 3: A typical MuxBus Data for a sortie of F16 

 

 
 

Figure 4: An example of collected (a) accelerator and (b) PSD 
random data for a sortie of F16 
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Acceleration data steps to prepare data for fatigue analyses and 
tests are given briefly in Fig. 4a. Also figures of these steps for 
accelerometer 2 are shown as an example below the step 
explanation. The power spectral densities (PSD) of all the 
selected data were calculated separately as shown in Figure 4b. 
 

III. VIBRATION FATIGUE ANALYSIS 

Vibration fatigue analysis is a frequency based fatigue 
analysis because PSD loads are used instead of time loads 
during analysis. Hereby, the structural frequency responses are 
considered during fatigue calculations. Cycles are counted from 
stress PSDs instead of load time signals. In this paper, the 
Lalanne/Rice method [11] which is one of the most accurate 
one when compared with the time domain data was used for 
cycle counting from the power spectral densities. After finding 
cycles, rest of the analysis is like time domain fatigue analysis. 
However, in this study, firstly, stress PSDs for unit acceleration 
load were obtained by frequency response function (FRF) 
analysis for vibration fatigue analysis. Then, acceleration PSDs 
obtain from flights are used to obtain stress PSDs during flights. 
In Figure 5, vibration fatigue analysis steps are summarized. 

 

 
 

Figure 5: Vibration fatigue steps [12] 

 
As an example, fatigue analysis was done using PSD obtained 
from accelerometer 2 in this study. Accelerometer 2 location is 
right beside the front hanger of the DMS. For fatigue analysis, 
front part of the DMS was used and PSD obtained from 
accelerometer 2 was given as a base vibration. Model was also 
fixed from the base.  
 
The finite element model used for fatigue analysis is shown in 
Fig. 6. The model was meshed with solid TET10 meshes and 
RBE2 and RBE3 MPC elements were used instead of bolts to 
attach solid bodies and point masses, respectively. 
 
 

 
 

Figure 6: Finite element model for fatigue analysis 

 
To make fatigue analysis, firstly stress PSDs of the model for 

every direction were obtained by FRF analysis choosing the 

unit load input location as accelerometer 2 location. FRF gives 
the relation between the input and output as follows: 

 

                  (1) 

 
where H(f) is the FRF,  is the stress (output) and  is 

the base acceleration (input). After finding FRF, stress PSD can 
be found as follows: 

 

           (2) 

 
Where ( ) is the conjugate of the ( ).  corresponds 

to the PSDs in this case. 
 
After obtaining the stress PSDs for each axis, they are cycle 

counted by Lalanne method which is explained in (3). In this 
situation, stress probabilty density function was found instead 
of peak probability of the displacement as follows:  

 

               (3) 

 
Where ( ) is the number of stress cycles,  is the stress range, 

 is the RMS value of the stress. In the above expression,  
is irregularity factor and  is the error function respectively. 
 

 
 

Figure 7: S-N curve of 4140 steel material [13] 
 
After cycle counting, S-N curve of the material was used to 
calculate life. The material of the model is 4140 steel with 36-
42 HRC hardness and S-N curve of this material is shown in 
Figure 7. Von Mises RMS stress results of the model obtained 
from the  are shown in next section. These results were 
obtained for every axis separately because of software 
limitations. 
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IV. RESULTS AND DISCUSSION 

Acceleration data steps to prepare data for fatigue analyses and 
tests are given briefly as follows. The power spectral densities 
(PSD) of all the selected data were calculated separately. PSD 
envelope is composed from the real environment PSDs to use 
in analyses and tests as shown in from Figure 8a to Figure 8c. 
 

 

 

 
 

Figure 8: PSD envelope for the acceleration PSD data from 
accelerometer 2 (a) x direction, (b) y direction and (c) z direction. 

The total captive carriage duration was assumed as 1000 hours. 
The Miner-Palmgren hypothesis was used for test duration 
reduction. 
 
Von Mises RMS stress results of the model obtained from the 

. These results were obtained for every axis separately 
because of software limitations. Therefore, multi-axial load 
effects were not considered. However, from figures, High stress 
locations are different for each axes vibration. Also, magnitudes 
of the von Mises RMS stresses are very different for each axis. 
Therefore, the results of uniaxial fatigue analysis would not be 
too different from the results of multi-axial stresses. 
 

 
 

Figure 9: Von Mises RMS stress  z direction 

 
Life results in Fig. 9 show that the components are durable for 
long flight durations. Not too many locations have lower life 
than 1e20 seconds. The most critical vibration direction seems 
to be the z direction because of the gap in the middle of the 
cylinder shell and low thickness of the gap hatch and shell in 
this location. Results also show that multi-axial fatigue analysis 
would not change the results explicitly because z direction is 
much more dominant than the other two axes. 
 

V. CONCLUSION 

Fatigue behavior of an external store under fixed wing 
aircraft platforms during random vibration is investigated. For 
this purpose, a data measurement store (DMS) was produced. 
Strain and acceleration data from the DMS was collected during 
5 different sorties. Acceleration data were used for PSD 
calculation for an ideal average sortie for F-16C jet aircraft. The 
minimum life was found about 1e20 seconds. The most critical 
vibration direction seems to be the z direction because of the 
gap in the middle of the cylinder shell and low thickness of the 

838 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

gap hatch and shell in this location. 
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Abstract - In this study, ultimate lateral load capacity of short 
rigid piles, which are very important in Geotechnical 
Engineering, have been investigated with the Brinch-Hansen 
Method and Taguchi Optimization Method. Taguchi Method, 
which is a powerful optimization method, was used to determine 
the effects of parameters on the result and to achieve parametric 
analysis studies. Standard L16 orthogonal array with 5 
parameters and 4 levels was chosen to determine the depth of 
centre of rotation and ultimate lateral resistance capacity of short 
rigid piles. As a result of evaluation; it was determined that the 
most efficient parameters on the depth of centre of rotation point 
and ultimate lateral resistance were the pile length. It was 
understood that it is possible to reach the results with the using 
Taguchi Method in a high safety range. Additionally, the 
equation was developed to determine the ultimate lateral 
resistance capacity of the short rigid piles for practical purposes. 

 
 

Keywords  Lateral load, short rigid pile, Brinch-Hansen 
Method, Taguchi Method.  
 

I. INTRODUCTION 

Pile foundations are extensively used to support various 
civil engineering structures, such as high rise buildings, 
transmission powers, many of offshore and coastal structures, 
bridge piers and highway structures. Piles are not only used to 
support vertical loads, but also lateral loads due to earth 
pressure, earthquake or wave force, wind force and inclined 
forces. The behaviour of piles subjected to lateral loads is 
governed by the interaction between superstructure, pile and 
the soil. Pile properties, including pile stiffness and geometry; 
soil stres-strain behaviour, shear strength, stiffness, and 
volume change characteristics; and the pile-soil interface play 
important roles in the response of piles subjected to lateral 
loads [1].  

Several empirical and numerical methods have been 
proposed for analyzing the behaviour of piles subjected to a 
lateral load. These methods can generally be classified into 
three main groups: (1) empirical methods [2, 3], (2) the lateral 
load transfer curve method, often referred to as the p-y curve 
method [4-8], and (3) elastic and finite element methods [9, 
10]. Additionally, several investigators have conducted 
laboratory [11-13] and field tests [14-17] to study the 
behaviour of piles under lateral loads. 

The lateral load capacity of the pile depends upon the soil 

and pile characteristics, load eccentricity and depth of 
embedment. Hence, different situations of these factors were 
into accounted in previous studies. Matlock and Reese [18] 
presented a generalized iterative solution method for rigid and 
flexible laterally loaded piles embedded in soils with two 
forms of varrying modulus with depth. The ultimate lateral 
resistance of rigid piles based on earth pressure theory was 
developed by Brinch Hansen [2] and is applicable for short 
piles. Davisson and Gill [19] investigated the case of a 
laterally loaded pile embedded in a layered soil system with a 
constant modulus of subgrade reaction in each layer. Broms 
[3] presented a method based on earth pressure theory with 
simplifying assumption for distribution of ultimate soil 
resistance along the pile length. This method is basically the 
procedure suggested by Hansen [2] with a few modifications 
and applicable for both short piles and long piles. Broms [3] 
assumed a limiting resistance of 9su to determine the ultimate 
lateral load. Based on upper bound analysis, Randolph and 
Houlsby [20] indicated that the value 9su is largely empirical 
and suggested values in the range of 9.14su-11.94su.  

In wiev of the above stated issues, the objective of this 
paper is to investigate the effects of fundamental pile and soil 
properties on the behaviour of a pile subjected to lateral loads 
for short rigid piles. Factors affecting the ultimate lateral 
resistance capacity and center of rotation point of laterally 
loaded short rigid piles are investigated via empirical Brinch-
Hansen Method and Taguchi Method, which is a powerful 
optimization technique.   

II. BRINCH HANSEN METHOD FOR SHORT RIGID PILES    

The pile behaviour is dependent on the characteristics 
length T of the pile (Eq 1). When length of pile (L) exceeds 
5T, the pile is considered as long pile and when the pile length 
is  < 2T, the pile is considered as short rigid pile [23].  

 

       (1) 

Where;          Ep  

          Ip : Moment of inertia of the pile section  

nh : Constant of modulus of horizontal 
subgrade reaction (it is obtained from studies 
of previous researchers for different types of 
soil in literature [24, 25]. 
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When a horizontal load is applied to the head of a vertical 

pile which is free to move in any lateral direction, the load is 
initially carried by the soil close to the ground surface. 
However, the soil compresses elastically and there is some 
transfer of load to the soil at a greater depth. When the 
horizontal load is increased the soil yields plastically and the 
load transfer extends to greater depths. A short rigid pile will 
rotate and passive resistance will develop at the toe on the 
same face at which the load is applied, in addition to the 
passive resistance of the soil near the ground surface on the 
opposite face (Fig. 1a). Failure occurs by rotation when the 
passive resistance at the head and toe are exceeded. A short 
rigid pile restrained at the head by a pile cap or bracing fails 
by translation (Fig. 1b) [26].   

 
Figure 1: Failure of short rigid pile under horizontal load a) 

free head b) fixed head 

 

Brinch-Hansen Method is mainly based on lateral earth 
pressure theory and developed for short rigid piles. The 
method is a simple one applicable to fine or coarse soils either 
in uniform or layered state of deposition. Undrained shear 

strength parameters (cu and  = 00) can be used for short term 
loading conditions and drained effective shear strength 

parameters (c' and ') can be used for long term loading 
conditions. 

 

III. TAGUCHI METHOD 

For an experiment design and parametric study different 
methods have been developed. These are as follows:  

  
 Conventional statistical experiment design 

a- Full factorial experiment design 
b- Fractional factorial experiment design 

 Taguchi experiment design 
 Testing while changing a factor in each case 

 
Using full factorial design might be impossible in terms of 

cost and time when especially numbers of parameters and 
levels are too many. In such cases, it might be an option to 

prepare an experiment design while changing a factor in each 
case or using fractional experiment design. But it is a problem 
to choose which parameters and levels are to be selected in 
such designs in terms of reliability of the results.  

Taguchi Method is a technique targeting to deliver full 
factorial study results via small amount of experiments and 
studies. This technique is a powerful alternative method, which 
is developed to decrease costs in optimization and parametric 
analysis studies, to determine the effects of parameters on the 
result and to achieve the results in a shorter time.  

According to Taguchi Method, factors affecting the product 
or the process are divided into two groups as factors that can 
be controlled and that cannot be controlled. To be able to 
determine the optimum values of factors that can be 
controlled, specially designed orthogonal indexes (experiment 
designs) depending on parameter numbers and levels are used. 
L16 experiment design table that is used for this study is given 
in Table 1-2-3. This table has 16 lines and maximum five 
columns. Number of columns can be changed according to 
number of parameters. Each line shows the number of study 
that shall be made with factor levels in that line.  

Table 1: L16 Orthogonal index table 

Experiment no 

Parameters and parameter levels on 

which experiments shall be carried out 

F1 F2 F3 F4 F5 

1 1 1 1 1 1 

2 1 2 2 2 2 

3 1 3 3 3 3 

4 1 4 4 4 4 

5 2 1 2 3 4 

6 2 2 1 4 3 

7 2 3 4 1 2 

8 2 4 3 2 1 

9 3 1 3 4 2 

10 3 2 4 3 1 

11 3 3 1 2 4 

12 3 4 2 1 3 

13 4 1 4 2 3 

14 4 2 3 1 4 

15 4 3 2 4 1 

16 4 4 1 3 2 

.  
 
 
 
 

Table 2: Parameters and parameter levels chosen in 
the study 

Levels 

Parameters 

= 18 kN/m3
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Pile 
diameter  
(D) (m) 

Pile 
length 

 (L) (m) 

Pile length 
over the 
soil (e) 

(m) 

Internal 
friction 
angle  

( ) (Degree) 

Coh.  
(c) 

(kPa)  

1 0.30 2 1 10 0 

2 0.45 4 1.50 20 25 

3 0.60 6 2 30 50 

4 0.75 8 3 40 75 

 
 

Table 3: S/N values for L16 orthogonal index  
Exp. 
no 

   D 
(m) 

  L 
(m) 

e 
(m) 

0) c 
(kPa) 

S/N 
ratio 

1 0.30 2 1 10 0 3.78 
2 0.30 4 1.50 20 25 9.20 
3 0.30 6 2 30 50 12.63 
4 0.30 8 3 40 75 15.30 
5 0.45 2 1.50 30 75 3.06 
6 0.45 4 1 40 50 9.80 
7 0.45 6 3 10 25 12.55 
8 0.45 8 2 20 0 15.91 
9 0.60 2 2 40 25 3.11 
10 0.60 4 3 30 0 9.82 
11 0.60 6 1 20 75 12.87 
12 0.60 8 1.50 10 50 15.18 
13 0.75 2 3 20 50 2.89 
14 0.75 4 2 10 75 9.09 
15 0.75 6 1.50 40 0 13.66 
16 0.75 8 1 30 25 15.75 

                   Average S/N  10.29 

 
In each column, there exist 4 pieces of level 1, 4 pieces of 

level 2, 4 pieces of level 3 and 4 pieces of level 4. Since there 
exist 16 combinations as (1,1), (1,2), (1,3), (1,4), (2,1), (2,2), 
(2,3), (2,4), (3,1), (3,2), (3,3), (3,4), (4,1), (4,2), (4,3), (4,4) 
this is described as L16 experiment design table.  
 

In S/N analysis, as big as the S/N ratio that is called index 
change, product change around target value shall be that much 
smaller. The S/N ratio is determined via the following 
equation (Eq. 2);  

 

                      (2) 

 
MSD value is calculated using the Equations 3 - 5 for the 

biggest target value, for the smallest target value and any 
certain value respectively.  
 

     (3) 

 

            (4) 

 

 

(5) 

 
Y1 ... Ynr r

the number of repeats in the experiment. The expected (target) 
value with Taguchi Method is determined via the following 
equation (Eq. 6).  
 

      (6) 

For the reliability of experiment or study results it is 
required to carry out statistical analyses. For this, effect 
percentages and reliability levels of parameters on the result 
are determined using multi-parameter analysis of variance 
(ANOVA) [27].  

 

IV. INVESTIGATING FINDINGS 

In Brinch-Hansen Method, 5 important factors affecting 
ultimate lateral resistance of laterally loaded short rigid piles 
(for homogeneous single layer ground medium) are;  

 Pile diameter (D)  
 Pile length (L) 
 Pile length over the soil (e) 
 Internal friction angle ( ) 
 Cohesion (c).   

 
In the study, choosing with 5 factors and 4 levels L16 

orthogonal index table, centre of rotation point depths and 
ultimate lateral resistances of laterally loaded short rigid piles 
have been calculated with Brinch-Hansen Method. Making 
S/N analyses and variance analyses, effect ratios of parameters 
on the result and parameter levels where ultimate lateral 
resistances are biggest and smallest have been determined. 
Moreover, equations that can be used determining ultimate 
lateral resistances taking care of average S/N values of 
parameter levels have been developed. To test the reliability of 
developed equations, statistical analyses have been carried out. 
The values obtained from statistical analyses have been 
compared with values obtained from Brinch-Hansen Method.  

 
 

A. Ultimate Lateral Resistance Values 

Ultimate lateral resistance values (Hu) calculated with 
Brinch-Hansen Method for L16 orthogonal index are given in 
Table 4. S/N values calculated using these data are given in 
Table 4 also and average S/N ratio values regarding parameter 
levels are given in Table 5. Response graphs had drawn using 
values given in Table 5 are given in Figure 2.  

 

842 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

    

 
Figure 2: Brinch Hansens cofficients  

 
 

Table 4: Hu and S/N values for L16 orthogonal index 
Experiment 

no 
Hu (kN) S/N 

 ratio 
1 1.20 1.29 
2 74.20 37.41 
3 552.60 54.80 
4 2878.70 69.20 
5 108.00 40.70 
6 879.80 58.90 
7 78.80 37.90 
8 120.70 41.60 
9 64.90 36.20 
10 39.10 31.80 
11 745.10 57.40 
12 428.40 52.60 
13 26.90 28.60 
14 153.30 43.70 
15 477.90 53.60 
16 1373.40 62.80 
   Average S/N  44.30 

 
 

Table 5: Average S/N ratios for Parameter levels (for Hu) 

Parameters 
Average S/N Ratios 

Level 1 Level 2 Level 3 Level 4 
D (m) 40.68 44.78 44.54 47.17 
L (m) 26.70 42.96 50.95 56.55 
e (m) 45.10 44.61 44.11 41.89 

 33.89 41.27 47.53 54.48 
c (kPa) 32.10 43.58 48.75 52.75 

 
ANOVA analyses have been carried out to determine effect 

levels of five parameters on ultimate lateral resistance 
according to Brinch-Hansen Method and related results are 
given in Table 6.  

 Table 6: The results of  ANOVA analysis (for Hu 

Parameters 
Degree of 
freedom 
(DOF) 

Sum of 
square (Ss) 

Variance 
(V) 

Effect 
ratio (P) 

(%) 
D (m) 3 86.36 28.80 2.14 
L (m) 3 2023.50 674.50 50.12 
e (m) 3 38.50 12.80 0.95 

 3 925.70 308.70 22.93 
c (kPa) 3 963.50 321.20 23.86 
Total 15  4037.70   100.00 

 
The most effecting parameter on ultimate lateral resistance 

is the pile length with a value of 50.12% as can be seen in 
Table 7 and Figure 2. Cohesion with a value of 23.86% and 
internal friction angle with a value of 22.93% are 2nd and 3rd 
most effecting parameters respectively. The effect ratio of the 
pile diameter is 2.14% and the effect ratio of the pile length 
over the soil is found as 0.95%. This shows that D and 
especially e values are not much affecting parameters. S/N 
analyses have been carried out to determine the parameter 
levels on which maximum Hu value is obtained. When 
D=0.75m, L=8m, e=1m, = 400, c=75kPa the maximum value 
of Hu=7560 kN is found (Table 10).  

 
Table 7: Optimum conditions and performance values for Hu 

Parameters Parameter 
level for 
Max. Hu  

Parameter 
level for  
Min. Hu  

Parameter  
value for  
Max. Hu  

Effect ratio 
(P) (%) 

D (m) 4  1 0.75 2.87 
L (m) 4  1 8 12.26 
e (m) 1  4 1 1.78 

 4 1 40 10.18 
c (kPa) 4 1 75 8.46 

Expected maximum S/N value 
Expected maximum Hu value (kN) 
Maximum Hu value (kN) calculated using Brinch-Hansen 
Method 
Expected minimum Hu value (kN) 
Minimum  Hu value (kN) calculated using Brinch-Hansen 
Method 

79.85 
7560.00 
6270.00 

 
0.56 
0.52 

 
Since ultimate lateral resistance is estimated very reliably an 

effort is given to develop an equation that can be used to find 
ultimate lateral resistance of short rigid piles. For this purpose, 
statistical analyses have been carried out and error ratios have 
been determined choosing different mathematical functions 
using average S/N values belonging to parameter levels. As a 
result of researches, the most appropriate modal that can be 
used to determine the ultimate lateral resistance capacity of 
short rigid piles is given as follows (Eq. 7);  

 

                                 (7) 
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In this equation,  total effect coefficient is determined with 
the following equation (8);  

 

        (8) 

Lc : cohesion effect factor, Le : effect factor of pile length 
over the soil, L : effect ratio of the internal friction angle,  
LL  : effect ratio of pile length, LD  : effect factor of pile 
diameter. Effect factors for different parameter values are 
given in Table 8.  
 
Table 8: Ultimate lateral resistance effecting factors 

 

 

 
 
 
 
 
 
 
 
 

To be able to determine the reliability of the developed 
modal, average error ratio is 9.94% in statistical analyses 
carried out for 16 different situations and error ratio changes 
between +19.70 % and -16.40 % (Table 9).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 9: Ultimate lateral resistance values calculated with Brinch-

Hansen Method and Modal.  

 
Experiment 

no 
Hu (kN) 

(Brinch-Hansen) 
Hu (kN) 
(model) 

Relative error 
(%) 

1 1.20 1.30 19.20 
2 74.20 62.00 -16.40 
3 552.60 530.90 -3.90 
4 2878.70 3357.50 16.60 
5 108.00 93.50 -13.40 

6 879.80 956.70 8.70 
7 78.80 94.40 19.70 
8 120.70 119.70 -0.90 
9 64.90 77.50 19.50 

10 39.10 41.30 5.66 
11 745.10 759.90 1.90 
12 428.40 415.90 -2.90 
13 26.90 25.10 -7.00 
14 153.30 183.30 19.60 
15 477.90 469.10 -1.10 
16 1373.40 1409.40 2.60 

 

V. CONCLUSION 

In this study, parameters affecting depth of centre of 
rotation and ultimate lateral resistance capacity of laterally 
loaded short rigid piles are investigated according to Taguchi 
Method using the standart L16 orthogonal index table with 5 
parameters and 4 levels. Chosen parameters are pile diameter 
(D), pile length (L), pile length over the soil (e), internal 
friction angle ( ) and the cohesion of the soil (c). As a result of 
the analyses and evaluations the following have been found: 

 
 

 The most effecting parameter on depth of centre of 
rotation of short rigid pile is the pile length with a ratio of 
99.38%. As L values increase, x values are increase. 
Other parameters are very little effect on the depth of 
centre of rotation values. The effect of the D value is 
variable and negligible level.  

 The most effecting parameter on ultimate lateral 
resistance capacity of short rigid piles is the pile length 
with a value of 50.12%. Cohesion with a value of 23.86% 
and internal friction angle with a value of 22.93% are 2nd 
and 3rd most effecting parameters respectively. As L, c, 

and D increase, ultimate lateral resistance capacity 

resistance capacity decreases. 
 Estimations (expected values for Hu) made with 

Taguchi Method are quite close to real values and the 
average error is around 5.50%. This situation shows that 
the Taguchi Method, which is a powerful optimization 
technique, can be used in parameter studies in 
Geotechnical Engineering.  

 Average error ratio for Hu values calculated Brinch-
Hansen Method and modal equation is less than 10% for 
16 different situations. The equation with a number of 
(11) developed to determine ultimate lateral resistance 
capacity of the laterally loaded short rigid pile using S/N 
ratios can be used for practical purposes. Using further 
data and parameters studies should continue to decrease 
the error ratio to lower levels.  

 

For c<25 kPa  Lc=0.46c-3.24 

For c>25 kPa  Lc=0.1834c+3.68 

For e< 2m Le= -0.98e+10.68 

For e> 2m  Le= -2.22e+13.18 

Between =10-400  L =30.697tan -6.15 

For L<4.45m  LL=8.13L-25.00 

For L>4.45m LL=2.80L-1.28 

For D< 0.45m  LD=27.333D-2.95 

Between D=0.45-0.60m  LD=9.35 

For D>0.60m LD=15.933D-0.21 
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Abstract - Investigations about the manufacturing are focused 
on the machining and the modeling of the new materials and 
finding the new manufacturing processes. In this study, a 
constitutive model of metal matrix composite created and then 
simulation of machining of metal matrix composite made. 
Simulation results which were taken for different reinforcement 
percentages and different cutting speeds with coated and 
uncoated cutting tools are discussed according to forces and 
temperature.     

 
Keywords - Metal matrix composite, machinability, cutting 

force, temperature at cutting region, modeling of metal cutting. 
 

I. INTRODUCTION 

M. El-Gallab, M. Sklad modeled tool wear in the machining of 
SiC-reinforced Al matrix composites in their work. The model 
also takes into account the interactions in the tool-chip and 
tool-material interfaces. As a result, experimental study and 
modeling of temperature and stress estimation gave close 
results[1]. J. Monaghan and D. Brazil modeled the flow of 
machining metal matrix composites in their work. SiC 
reinforced A356 matrix composite with % 35 volume fraction 
was modeled with the help of FORGE2 and Ansys 5.2. The 
generated model and experimental data were compared and 
good results were obtained [2]. C. R. Dandekar and Y. C. Shin 
reviewed all the studies for modeling the machining of 
composite materials and produced a summary article on this 
subject[3]. N. P. Hung, N.L. Loh and Z.M. Xu investigated the 
erosion during machining of metal matrix composite materials 
under machinability [4] and modeling [5]. Carbide inserts were 
suggested for roughing, and CBN and PCD inserts were 
suggested for finishing processes while machining SiC and 

Al2O3 reinforced Al matrix composites[5]. A. Pramanik et. al  
investigated tool particle interaction during orthogonal cutting 
with finite element method. In the orthogonal cutting process 
of SiC-reinforced Al matrix composites, they evaluated the 
Von Misses stresses, which were obtained by simulation. 
Paramanik A. and colleagues aimed to investigate the 
interaction between matrix deformation and tool reinforcement 
in the machining process by using the finite element 
method[6]. A. Pramanik, L.C. Zhang and J.A. Arsecularatne 
tried to predict the cutting forces that occur in the machining 
of metal matrix composites. They have benefited from the 
formulation used for mechanics of metal cutting[7] C. R. 
Dandekar and Y.C. Shin, have tried to model the subsurface 
damage that occurs in the machining of metal matrix 
composites by using multi-step 3D finite element method. All 
the subjects such as particle breakage, separation at the 
particle-matrix interface, matrix wasting are taken into interest. 
Chinmaya R. and colleagues have modeled the machinability 
of Al matrix SiC reinforced composite material by using finite 
element method using Third Wave System and ABAQUS / 
Explicit packages. A359 aluminum alloy and 20% volume 
fraction SiC reinforced composite material were used in the 
study. It was approved that the composite material used during 
the operation was homogeneous. When the data obtained in 
the study and the data obtained in the experimental studies 
were compared, the results were found to be positive. As a 
result, it has been found that as the cutting force increases, the 
surface damage increases [8]. Mkaddem A. and colleagues 
aimed to model the cutting force variation according to the 
different depth of cut and the rake angle values with different 
reinforcement arrangements using the finite element 
method[9]. Mackerle J. studied the work done between 1976 
and 1996 using the finite element method of the machining 
process. It includes the topics of machining process, material 
loss, modeling in machining process, tool geometry and 
machining parameters, residual stresses in machining process, 
cutting tool dynamic analysis, tool wear and fatigue, chip form 
mechanism[10]. Mackerle J. studied the work carried out 
between 1996 and 2002 using the finite element method of the 
machining process. 372 studies were examined in the study. 
The study was carried out in addition to the study of the author 
between 1976 and 1996 [11]. Santiuste C. and colleagues have 
examined the machinability of glass and carbon fiber 
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There are many studies in the literature regarding the 

machinability of metal matrix composites. The modeling of the 
machining of metal matrix composites and the effect of 
machining parameters on machinability are very limited. For 
this reason, modeling the machinability of composite 
materials, which is increasingly used today, is an important 
research topic. With this study, an attempt was made to fulfill 
this area. When the literature is examined, it can be 
summarized as follows. 
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reinforced composite materials in their work. The study was 
carried out for long reinforcement materials using the finite 
element method. [12]. Arola D. and his colleagues conducted 
an analysis of the orthogonal cutting process applied to 
unidirectional reinforced composite materials by finite element 
method. [13]. As summarized above, there are limited numbers 
of studies on this subject in the literature. Directly from our 
point of view, there is no work on the modeling of 
machinability while the composite material is being produced. 
In all papers, the machinability of the materials produced has 
been modeled. This study will constitute important added 
value in the literature with this respect. 
 

II. MATERIALS AND METHOD 

The matrix material of Metal Matrix Composite (MMC) is 
Al 2014 aluminum alloy. The reinforcement material is SiC 
and three different reinforcement ratio used for this study. 
These are 3%, 6%, and 12%.  

The analysis of turning MMC was made with the help of 
Thirdwave Advantedge software. SI unit system, turning 
operation, standard workpiece, 3-dimensional cutting tool type 
and standard cutting tool material are used when project is 
defined in the software. The workpiece thickness, height, and 
width were specified while defining workpiece material. 
Workpiece width is 3,0 mm, height is 5,0 mm and length = 
10,0 mm. Workpiece material is defined as custom material 
because it is a composite material. The most important subject 
in modeling is the identification of composite material. The 
variables of the materials forming the composite material used 
in this definition are given in Table 1 below. These variables 
for composites were found using rule of mixture. 

 
Table 1. Composite material properties. 

      

Material 

Properties 

Matrix 

Material 

Al 2014 

Reinforcement 

Material 

SiC 

Composite 

Material 

3% 

Composite 

Material 

6% 

Composite 

Material 

12% 

Density 

(gr/cc) 
2,8 3,21 2,8123 2,8246 2,8492 

Modulus of 

Elasticity 

(GPa) 

72,4 440 83,428 94,456 116,512 

Poisson's 

Ratio  
0,33 0,14 0,3243 0,3186 0,3072 

Thermal 

Expansion 

Coefficient 

-  

23 4 22,43 21,86 20,72 

Thermal 

Conductivity 

(W/m-K)  

170 120 168,5 167 164 

Heat 

capacity  

(J/ kg-  

880 750 876,1 872,2 864,4 

   
 
DSBNR 2020 K12 tool holder used for this study. The 

cutting tool holder  used in this research is given in 
Fig. 1. 

 
Figure 1:  Tool holder. 

 
 
Uncoated and CVD TiN coated tungsten carbide qualities 

are used for machining of MMC materials. The insert 
geometry of the uncoated and CVD coated tungsten carbide is 
SNMA 120408.  

When the tool is identified for modeling, the tooling 
material, tool thickness, side and backside rake angle, relief 
angle, lead angle, coating type and thickness are specified. The 
data used in the software for tool identification is given in 
Table 2 below. 

Table 2.  Tool identification data 
  

        Data 

Tool Process Type NOSE 

Tool Material  Carbide-Grade-P 

Width of Tool  0,476 mm 

Maximum Tool Element Size  1.0 mm 

Back Rake Angle  0,0 deg 

Side Rake Angle  0,0 deg 

Lead Angle  7,0 deg 

Relief Angle 7,0 deg 

Coating Layer No.  2 

Coating Material 1  TiC 

Coating Thickness 1  0.0036 mm 

Coating Material 2  Al2O3 

Coating Thickness 2  0.0012 mm 

Aggregate Layer  ON 

 
In this study, machinability properties of Al 2014 matrix 

SiC reinforced MMC materials produced by mixing casting 
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method at three different reinforcement volume ratios were 
modeled at dry turning conditions with four different cutting 
speeds, constant feed, and constant depth of cut. Cutting 
parameters were selected according to the tool-workpiece 
couple from the tool manufacturer catalog. According to the 
tool manufacturer catalog depth of cut was given as 1 mm and 
feed rate as 0.2 mm. Four different cutting speed were chosen. 
These are 100, 125, 160 and 180 m/min. Cutting speed, cutting 
depth, cutting length, initial temperature, friction coefficient, 
cutting fluid are specified when the process is defined. Table 3 
lists the data used in the preparing of the software for process 
identification. 

 
Table 3.  Process identification data 

        Data 

Feed  0.2 mm 

Cutting speed 100, 125,160,180 m / min 

Depth of cut  1.0 mm 

Length of cut  10 mm 

Initial temperature  23 degC 

Friction coefficient  0.5 

Cutting mode  General 

External Coolant  OFF 

Internal Primary Coolant OFF 

Internal Secondary Coolant OFF 

 
The data used for simulation identification of software are 

given in Table 4 below. 
 

Table 4.  Simulation idendification data 
  

        Data 

Simulation Mode Standard 

Steady state analysis 0 

Avg. Length of Cut Ratio 10 

Min Element Size (Chip Bulk) 0.0793 mm 

Min Element Size (Cutter Edge) 0.0607 mm 

Radius of refined region (cutter 

edge) 

0.3 mm 

Mesh Refine 5 

Mesh Coarse 5 

Chip refinement factor 1 

Grading near cutting edge 6,0 

Grading radius factor 1,0 

Output Frame 30 

Number of Threads 1 

Mesh Generation Required YES 

Geometry Generation Required YES 

 
Materials were machined in a Goodway GLS 150 turning 

center for experimental comparison. Chuck, turret, tool, and 
force measuring instruments are shown in Fig 2.  

 
  
Figure 2:Goodway GLS 150 turning center and measuring 

instruments. 
 

III. RESULTS  

The results of the simulations were taken as force and 
temperature. The results of simulations are given for  CVD 
TiN coated and uncoated WC cutting tool.  

 
Results with CVD coated WC Cutting Tool 
The image of the cutting tool, workpiece and chip which 

were taken from the simulation are given in Figure 3. 
Maximum temperature occurred in contact point of %3 SiC 
reinforced MMC with coated WC for 100 m/min cutting speed 
is 37 .  

 

 
 

Figure 3: Image taken from simulation result for %3 
reinforcement ratio and 100 m/min cutting speed 

 
Comparison of simulation results for the high speed turning 

of MMC with different reinforcement ratios are given in 
Figure 4. Graphs of the cutting forces and temperature 
obtained during simulation of high speed turning of the MMC 
are shown in Figure 4. Temperatures results of simulation did 
not differ with different reinforcement ratios.  
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Figure 4: Graphs taken from simulation result for different 

reinforcement ratios at 125 m/min cutting speed. 
 
 
Average force results which were simulated using coated 

carbide for different reinforcement ratios at different cutting 
speeds are given in Figure 5. Force results decreases generally 
with the increasing reinforcement ratio as can be seen from the 
Fig.5. However there is not a relation between them. The force 
increased with the ascending cutting speeds at %3 and %12 
reinforcement. The force at %6 reinforcement had fluctuating 
values with the increasing cutting speed.  

The force results are almost the same with the increasing 
reinforcement ratio except 180 m/min cutting speed. It 
decreased with the increasing reinforcement results at max 
cutting speed.  

 
 

 
 

Figure 5: Simulation force results with coated carbide 
 
 
Experimental force results which were measured using 

coated carbide for different reinforcement ratios at different 
cutting speeds are given in Figure 6. Experimental results had 
generally the same attitude as simulation results. Force results 
decreases generally with the increasing reinforcement ratio. 
The force at %3 reinforcement had fluctuating values with the 
increasing cutting speed.  

 
 

 
 
Figure 6: Experimental force results with coated carbide  

 
 
Results with Uncoated WC Cutting Tool 
The figure of the simulation results for the high speed 

turning of MMC with different reinforcement ratios are given 
in Figure 7. It had the same attitude as coated carbide. 
Temperature results are closer together with uncoated WC 
cutting tool. 

 

 
 
Figure 7: Graphs taken from simulation result for different 

reinforcement ratios at 125 m/min cutting speed 
 
 
Average force results which were simulated using uncoated 

carbide for different reinforcement ratios at different cutting 
speeds are given in Figure 7. The force increased with the 
ascending cutting speed at %12 reinforcement. The force at 
%3 and %6 reinforcement had fluctuating values with the 
increasing cutting speed.  

The force results are decreasing with the increasing 
reinforcement ratio except 180 m/min cutting speed. It did not 
change with the increasing reinforcement results at max cutting 
speed. 
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Figure 7: Simulation force results with uncoated carbide 
 
Experimental force results which were measured using 

uncoated carbide for different reinforcement ratios at different 
cutting speeds are given in Figure 8. Experimental results had 
generally the same attitude as simulation results. Force results 
decreases generally with the increasing reinforcement ratio. 
Force results increases generally with the ascending cutting 
speeds. The force at %3 reinforcement had fluctuating values 
with the increasing cutting speed.  

 
 

 
 

Figure 8: Experimental force results with uncoated carbide  
 

IV. CONCLUSION 

The present study focusses on the effects of different 
reinforcement ratios to the cutting force and temperature. The 
comparison of simulation and experimental results for 
different reinforcement ratios show us that: 

 A good agreement has been obtained between the simulation 
results and experimental force measurements. The 
definition of simulation inputs had successful results. 

 There are not a direct relationship between reinforcement 
ratios, forces, and temperatures. However force results 
increases generally with the ascending cutting speeds and 
decreases generally with the increasing reinforcement 

ratio. Temperature results are closer together at different 
reinforcement ratios. 

 

 The difference between the reinforcement ratios are closer 
together and not enough for finding equation about force 
and reinforcement ratio difference. 
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Abstract - For changeover time reduction, the famous 
methodology named single minute exchange of dies (SMED), 
introduced by Shigeo Shingo, has been applied in production 
plants for years in lean manufacturing scope. The main 
philosophy of this technique can be summarized as, "make it 
simple and keep it simple". However, this simplification is not 
possible for all the steps of a changeover. In the last part of a 
changeover, which is also named as trial runs and adjustment, 
injection parameters are manipulated to resolve quality issues 
that occur during trial productions after changing the mold. This 
session requires a deep knowledge and experience thus only the 
dedicated personnel called as setup experts can handle. 

In this study, fuzzy inference system (FIS) is used to capture 
this domain expertise. The primary objective is to distribute the 
domain experience to non-expert plastic injection personnel thus 
eliminate the setup expert scarcity and to increase flexibility in 
production. A systematic elimination of defect cases is presented 
to define the core scope that handles all the possible quality issues 
and their solutions with fewer rules.  

Proposed soft computing solutions are implemented in a well-
known international wiring device manufacturing plant together 
with a project team composed of setup experts and production 
staff. The results show that FIS could generate correct defect 
resolution actions on injection parameters as changeover experts 
do. 

 
Keywords - Plastic injection molding, quick changeover, 

parameter setting, expert system, fuzzy inference system 
 

I. INTRODUCTION 

mall lot production is an important element of lean 
manufacturing that reduces the variability in the system. 

Lot size directly affects the inventory levels, scheduling 
activities, lead time to customer and quality of the product. 
The biggest challenge in front of lot size reduction is the cost 
of setup. In order to decrease the setup cost, it is obvious that 
setup times must be reduced.  

Single minute exchange of dies (SMED) [1] is the most 
popular technique in changeover time reduction which mostly 
uses simplification and standardization logic. This tree-step 
methodology starts with questioning all activities of a 
changeover to define whether they require stopping the 
machine or not. The activities that require stopping the 
machine are named as internal activities and the others are 

called as external activities. The proposals in this step are; 
ensuring the readiness of people, molds, tools, and equipment 
in advance, controlling them via checklists; make them ready 
in front of the machine just before the changeover, and placing 
the replaced parts back to the storage area after starting the 
machine. 

In step two, internal activities are converted to external 
activities mostly via design changes and/or modifications. 
Standardizing the mounting, demounting, dimensioning, 
centering, securing, expelling and gripping functions, using 
intermediary jigs and preparing conditions in advance (like 
pre-heating the injection molds) are the proposed 
improvements for internal activities.  

In the last step of SMED, both external and internal 
activities are re-evaluated for further improvement. Since 
molding machines are big equipment, one person travels a lot 
during changeover. A second operator, who will work in 
parallel, reduces the demounting and mounting time by half. 
Use of functional clamps, which provide one motion 
clamping/de-clamping, has a big advantage over use of nuts 
and bolts. 

However, not all of the steps of changeover could be 
simplified/standardized by SMED. The last step, named trial 
runs and adjustment is a quite complex session wherein a 
dozen of quality issue is resolved by injection parameters 
manipulation. Although Shingo emphasized the magnitude of 

preceding improvements are applied properly, adjustments will 

need for this session is not possible due to sensitive nature of 
molten plastic. Moreover, each changeover is a unique 
parameter setting problem that must be solved within minutes. 
In the application, this session is handled by a limited number 
of experienced personnel called as setup experts. In the cases 
that the number of the molds waiting for changeover is more 
than the number of setup experts on a shift, either the machines 
are stopped or continue production until an expert becomes 
available. So, even SMED implementation is completed, 
changeover still remains unpleasant due to the expert scarcity.  
 Moreover, knowledge is precious and should be recorded. It 
is not uncommon that once a setup expert decides to leave the 
job, production planning unit has to increase batch sizes to 
decrease the setup frequency which is the exact opposite of 

Fuzzy Inference System Application for 
Parameter Setting in Changeovers of Plastic 

Injection Molds 
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what lean philosophy says. Such a knowledge record should 
also be used as a training material for newcomers. 
 

II. DRIVERS OF PRODUCT QUALITY IN PLASTIC INJECTION 

MOLDING (PIM) 

Selection of the resin (plastic raw material) and selection of 
the injection machine are two important headlines which are as 
important as the design itself and these three are directly cross-
related. In this study these three components are named as 

expectations from the product dictate them simultaneously. As 
an example, if the product is expected to be sound, wall 
thickness of the part should be carefully examined and a resin 
which would provide the soundness should be selected and the 
machine should have enough clamping force to inject this resin 
into the mold. In an another example, if the annual demand is 
too high, the mold is designed with multi cavities and the total 
molding cycle time is set as short as possible, thus the resin 
should have high flow rate and quick cooling capability and 
the injection machine must have compliance with rapid 
production. 

 

 
Figure 1: Drivers of product quality in PIM. 

 

process parameters. Injection process parameter set is just like 
) that helps the primary 

factors to work smoothly. These parameters are; temperatures 
(of melt, mold, nozzle, barrel etc), pressures (of injection, 
holding and packing), and duration (of injection, cooling, 
packing). Even if there is a great compatibility among design-
resin and machine, the process fails to produce qualified 
products unless the process parameters are set properly.  

The last type of factors that affects the product quality in 

observed in mass production and generally arisen from 
negligence. Hindering the periodic maintenance of the 
machine, equipment and tooling, poor warehousing and poor 
5S are the factors that ruins the smooth mass production.   

These three groups of factors affecting the product quality 
can be summarized as in Figure 2. 

 
 

 
Figure 2: Cause and effect diagram for product quality in PIM. 

 

III. MANAGEMENT OF PROCESS PARAMETERS IN PIM 

 
Management of process parameters plays an important role 

to build a robust plastic injection process from initial design to 
mass production. Parameter setting activities can be grouped 
under three modes; virtual, initial and changeover setting. 

In the design phase, aforementioned primary factor 
combinations are assessed by optimizing secondary factors for 
each case in virtual environment. In another saying, the best 
design-machine-resin combination is evaluated under different 
process parameter set with the aid of molding simulation 
programs. This process is called as virtual parameter setting 
and is a part of soft validation studies. This step is the last step 
before the mold is manufactured thus primary factors are 
defined and fixed in this phase.  

During injection molding, plastic raw material is exposed to 
high rheological and thermo-mechanical changes [2]. Due to 
the sensitive nature of plastic injection the real molding 
performance differs from the expectations in simulation 
studies. To detect and resolve the molding issues in real 
production, the mold is transferred to the trial production team. 
The aim of this step is to define the optimal process 
parameters that recover injection defects and minimize the cost 
of molding under real production conditions. This step is 
called as optimal (initial) parameter setting. 
 After the validation of the mold in trial production, the 
optimal set is recorded and the mold is launched to the mass 
production. For each changeover session during mass 
production, the initial set should be modified because it shifts 
from its original point due to the noise factors, which are 
explained in the following section. Therefore, after mounting 
the mold for the next product in the production plan, the 
optimal set is recalled from the database and used as the initial 
set to redefine the shifted optimal set. The trial and error based 
parameter adjustment in this session is called as changeover 
parameter setting wherein setup experts try to resolve the 
injection defect to start the mass production in a limited time.  
 

852 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

In the cases that parameter setting is useless in resolving the 
quality issue, the troubleshooting mode is activated to find the 
real problem. If the root cause is one of the organizational 
factors (i.e. dirty mold surface), corrective action is taken and 
parameters are re-adjusted. If re-adjustment still cannot resolve 
the issue then primary factors (design, resin, and machine) are 
re-considered. Observing a troubleshooting mode in an 
injection process reveals that the process is not well designed 
and/or periodic tasks are not followed up properly. 
 

 
Figure 3: Properties of parameter setting modes. 

 
The basic distinctive properties of these three parameter 

setting modes are summarized in Figure 3. During initial 

means; the level of temperature and humidity, and the 
performances of the mold and machine are relatively stable, 
and the trials are done with the resin from the same lot and 
trials are conducted on the same injection machine. Therefore, 
required data can be collected for model approximation and 
optimization. Likewise, virtual environment of simulation 
programs let the decision makers to obtain data from the same 
pool for optimization of parameters virtually. 

 In the contrary, each changeover setting is a unique case 
because the conditions are not the same as in any of the 

create this dynamic environment in changeovers;  
 During the use of the mold in mass production, mold 

wear, fatigue and contamination occurs, the performance of the 
mold starts to decrease and requires compensation via process 
parameters until its next planned maintenance. 

 Since, PIM has a sensitive nature, the molding 
performance changes based on the level of environmental 
temperature and humidity. 

 Injection machines which have the same capabilities may 
perform different from each other due to their different 
maintenance requirements  

 The quality level of the resin may have deviations 
between lots.  

 Therefore, the optimal set shifts from the initial set in 
changeovers. Due to the noise factors the direction and the 
amount of the shift differs for each changeover.  
 Another challenge in changeover parameter setting is the 

reduce total changeover time under 10 minutes, the time that 
can be allocated to parameter setting is not more than several 
minutes. 

In changeover parameter setting the uniqueness of the cases 
prevents collecting homogenous data for optimization. 
Moreover, the time limit impedes data collection to make 
analysis. Without a data set, both evolutionary and derivative-
based optimization tools are useless. Changeover parameter 
setting is also too complex to model using traditional expert 
system applications which cannot provide amount of change as 
a function of defect severity [3].  
 Contemporary expert system applications (i.e. fuzzy 
inference) can be applied, as presented in some of the studies, 
however, the rule set must be broad enough to cover all 
possible cases and narrow enough to be prepared and modified 
easily which were not dealt in those papers. Since there is a 
strong necessity of such an expert system in plastic injection 
production, the proposed system should provide a complete 
solution and must be integrated into the whole changeover 
process.  

IV. UNDERSTANDING THE REASONING OF SETUP EXPERTS IN 

CHANGEOVERS 

 
The type and severity of the defect(s) that are observed in 

the trial shots give clues about the molding parameter that 
should be adjusted. If the amount of tuning of a parameter 
from its previous value is underestimated, the severity of the 
defect reduces but cannot be resolved completely. In the 
contrary, if there is an overestimation, one or several counter-
defect(s) occur. 

Briefly, the counter defect is an outcome that is observed on 
the product when the adjustment amount of a molding 
parameter for a defect resolution is more than that it should be. 
As an example, the short shot is an injection defect that occurs 
if the molten plastic cannot fill the mold cavity properly. 
Increasing injection pressure is one of the actions to resolve 
this defect. However, excessive injection pressure may cause 
flash, which is another defect that can be described as the 
squeezed plastic out of the cavities. So, flash and short shot are 
the counter-defects. In Figure 4, the first trial is an example of 
overestimation and the second one represents an 
underestimation case.  

 
Figure 4: Properties of parameter setting modes. 

 

In the same example, excessively increased injection 
pressure may also prevent the air inside the cavity from 
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escaping through the ventilation holes and overheats the 
trapped air that results in burn marks on the product surface. In 
the cases that there is more than one type of defects which 
require adjusting different molding parameters, only one 
parameter is adjusted at a time, that belongs to the defect 
which has the highest importance. Concurrent adjustment of 
different parameters makes the current problem hard to 
understand and creates confusion about the action that should 
be taken.  

Experts define the level of inputs and outputs in linguistic 
if there is 

This rule-based reasoning encircles the study space. Even if 
there is an underestimation or overestimation of the adjustment 
amount of parameters, the result that is observed on the 
product fires the corresponding rule that keep the decision 
maker on the path. 

Tackling with a problem which has no objective function 
and mostly based on expertise requires dealing with 
uncertainty, imprecision, partial truth and approximation to 
reach practical, robust and low cost solution. Thus, Fuzzy 
inferencing system (FIS) is employed for changeover 
parameter setting problem to meet these requirements.  

 

V. STUDIES IN THE LITERATURE ABOUT PARAMETER SETTING 

IN PIM AND NEED FOR THIS STUDY 

 
The studies in the literature about parameter setting in PIM 

is summarized as in Table 1. From the data source aspect, 86% 
of the studies uses design of experiments (DOE) while 
remaining 14% is based on expert interviews. 

 
Table 1: Classification of literature on parameter setting in PIM 

 
 

DOE can be described as structured set of tests of a process. 
DOE methods can be classified as; orthogonal designs and 
random designs. In orthogonal designs, the model parameters 
are assumed to be statistically independent, uncorrelated and 
can be varied independently. Fractional and full-factorial 
designs, central composite design, Box-Behnken designs and 
Taguchi designs are the methods under orthogonal designs. In 

random designs, model parameter values are assigned based on 
a random process. Latin hypercube design, mode pursuing 
sampling, rectangular sampling and infilling sampling are the 
random designs used in the literature. Analysis of variance 
(ANOVA) studies accompany the DOE to define the 
statistically significant parameters for further interpretations. 

Although DOE methods reduce the effort needed to 
understand the parameter space by decreasing the number of 
experiments, they ignore the effect of interactions. However, 
the parameters in plastic injection are interacting with each 
other. Moreover, Taguchi design, which is preferred 
intensively in the literature, uses prefixed values of parameters 
as test levels. But the range of parameters is continuous, and 
the optimum point may not be matched with the levels chosen.  

The data source of a parameter setting study can be a virtual 
environment like simulation programs (MoldFlow) or real 
molding trials. Especially during the design phase, simulation 
programs are used to define optimal process parameters, for 
cost estimations and defect resolution (66% of the studies in 
the literature). Real molding trials are used in the studies 
where the mold under consideration is already manufactured. 

55% of the papers in the literature use meta-model based 
optimization method wherein objective functions are 
approximated into the explicit form of low order polynomials 
with acceptable accuracy. Artificial neural networks are the 
most popular technique for model approximation. The other 
techniques are surrogate models and response surface 
methodologies (RSM). 

In DOE based approaches where an optimization algorithm 
is employed to find the optimal parameter set, genetic 
algorithms are the mostly preferred technique with 58%. 
Quadratic programming and particle swarm optimization are 
the other techniques in optimization.  

DOE based approaches are useless for changeover 
parameter setting since each case is unique and there is no 
time to collect sufficient data to build an experimental 
analysis. 

The other data collection method in parameter setting is the 
expert interviews that are used in expert systems. Expert 
systems simulate the human reasoning process by applying 
specific knowledge and inferencing. A typical expert system 
has two main components, knowledge base and inference 
engine. Since the parameter space is huge in PIM process, 
mapping of all possible relations and actions using traditional 
expert system is a tough task. The effectiveness of the systems 
that use case-based reasoning (which holds 90% of the studies) 
depends on the richness of the database in terms of past cases. 
Due to these limitations pure expert systems are not preferred 
by 2000s. Traditional expert systems have been substituted 
with fuzzy reasoning. He, Zhang, Lee, Fuh, and Nee [5] used 

seven types of injection defects, part flow and part thickness 
were used as inputs to define the adjustment amount of nine 
molding parameters. Three fuzzy sets for the severity of the 
inputs and six fuzzy sets for the amount of change of 
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parameters were defined. They have generated fuzzy rules 
using both the samples that were produced before and the real 
molding trials. They employed neural networks to generalize 
the fuzzy rules. Vagelatos, Rigatos, and Zafestas [7] defined 
fifteen types of defects with five fuzzy set of severity and 
fourteen molding parameters with five fuzzy sets of change 
amount to resolve quality issues during mass production. 

The number of the fuzzy rules that must be embedded into 
the inferencing system increases proportionally with the 
number of inputs and/or outputs and their levels. He et al. [5] 
and Vagelatos et al. [7] did not propose a method to decrease 
the number of rules without sacrificing the possible cases. 
Moreover, if the rules are generated from real molding trials, 
the number of the rules will be limited to the observations. 
Even employing neural networks may fail to predict the fuzzy 
rules of the cases that are not observed.  

Without a systematic elimination of rules, it is too difficult 
to allege that a fuzzy inference system can cover all possible 
cases, thus, is totally ready to be used in real environment. 
Such a study is not able to go beyond an academic paper. 
However, in injection molding, there is a strong necessity to an 
expert system that will assist the limited number of setup 
experts by converting machine operators into changeover staff.  

It is a very important finding that only 3% of the papers try 
to handle whole set of injection defects [5,7]. The attempts 
presented in the literature mostly focus on the optimization of 
one or several issues (especially warpage and shrinkage). 
However, in changeover parameter setting all possible defect 
cases should be considered to generate a solution during a 
changeover. 

VI. APPLICATION OF FUZZY INFERENCE SYSTEM IN 

CHANGEOVER PARAMETER SETTING AS A PART OF SMED 

 
As indicated at the beginning, there are many root causes of 

an injection defect which can be assigned to five main groups; 
design issues, resin selection, machine selection, maintenance 
and management of process parameters. In Table 2, one 
possible root cause for each category is exemplified for nine 
types of injection defects which are commonly observed when 
ABS (acrylonitrile butadiene styrene) type resin is used. 

Based on the root cause, the actions that should be taken 
differ. In order to narrow the content of the proposed fuzzy 
inference system, it is assumed that a structured mold 
validation process is followed so there is no major design 
issue, and, resin and machine selection is compatible with the 
intended manufacturability and cost. It is also assumed that 
required housekeeping is carried out and the periodic 
maintenance of the machine, mold and equipment is properly 
followed up. These assumptions are also prerequisites for mass 
production. In defining the fuzzy rules, the experts were asked 
to define the actions for the defects under these assumptions. 

In the cases that there is more than one defect, the experts 
take one action at a time to resolve the most critical defect. 

 
In order to systematically eliminate the possible cases thus 

eliminating the corresponding fuzzy rules, a table is prepared 
together with the experts for the defect couples that cannot be 
observed at the same time. As an example, if a short shot is 
observed, it means the cavity of the mold cannot be filled 
properly and it is not possible to observe flash (squeezed melt) 
unless there is an exceptional issue. Therefore, the rules 

-
questionnaire. 
 

Table 2: Possible root causes of an injection defect 

 
 

If the defect(s) cannot be resolved via parameter fine tuning, 
that means the root cause may be design issue, resin or 
machine selection or maintenance and housekeeping issue. In 
practice, in such cases, setup experts escalate the problem to 
shift supervisors and the production plan is revised. Likewise, 
in the cases that the proposals of the fuzzy inference system 
are incapable of solving the problem, machine operators will 
escalate the issue to setup experts to validate that the problem 
requires troubleshooting rather than parameter setting. 

Proposed fuzzy inference system is implemented in a plant 
that is manufacturing wiring device products (wall outlets and 
switches). Plastic parts of these products are produced in 
plastic injection unit which has 20 injection machines and with 
350 active molds. There were two main product classes for 
injection; cosmetic parts and inner body plastics. Cosmetic 
parts constitute around 70% of total injection workload 
(Figure 5.a) and 80% of the total raw material consumption 
(Figure 5.b). There are seven types of raw materials, and ABS 
is the one with the highest ratio of usage (60%, Figure 5.c). 
55% of the total number of molds in the mold shop is used for 

chosen as the scope of the study. The project team has three 
setup experts, production manager, production supervisor, 
mold shop supervisor and two machine operators. 
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Figure 5: General data for scope definition. a) Ratio per injection-
hour b) Ratio per tonnage c) Raw material usage d) Percent 
distribution of mold numbers per class 

 
Nine types of defects (the same as in the previous section), 

which are encountered in manufacturing of ABS-made 
cosmetic parts, are reported to be resolved by five process 
parameters during a changeover. The severities of the defects 

membership function is used for the remaining severity levels. 
Membership function parameters for inputs (severity of 
defects) are given in Table 3. 

 
Table 3: Membership function values for inputs 

 
 

The tuning amount of process parameters are defined in six 
e medium, negative high, 

interval of [-15, 15] unit for injection pressure and [-10, 10] 
unit for remaining parameters. Triangular membership 
function is used also for defining the tuning amount. 
Membership parameters of outputs (process parameter tuning 
amount) are given in Table 4.  

 
Table 4: Membership function values for outputs 

 
 

 
Figure 6: Black box for the fuzzy inference system. 

 
Mamdani type FIS is preferred in this study due to its 

widespread acceptance and the ability to be used for nonlinear 
output functions. In order to decrease the number of rules 
without losing the domain knowledge, the table of possible 
defect couples (PC) and counter defect couples (CD) is created 
with the experts (Table 5). The rules regarding the couples 
which cannot be observed at the same time are removed from 
the case list. The counter defects keep the decision maker 
inside the feasible parameter space. Since, FIS does not have 
generalization capability by itself; all of the combinations at 
different severity levels for single and remaining double 
defects were added into the fuzzy rule set. Thus, the inference 
system encircled the search space with 180 fuzzy rules to keep 
the machine operator on track during changeover parameter 

default for Mamdani. For defuzzification widely accepted 
 

 
Table 5: Possible defect couples and counter defect couples matrix 

 
 

-
software is used which is a very compact and user-friendly 
fuzzy software. This software can be easily installed and used 
in real production plants. In Figure 7

software. Rule number 67, 68, 70 and 71 are fired and the 
system proposes to increase injection pressure by 
approximately 11 bars. 
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Figure 7: Simulation of the FIS 

 
Before using the FIS in real molding trials a fitness test is 

applied. In FIS, each fuzzy rule represents a possible case. For 
each of the 180 cases, the amount of tuning that is defined by 
the expert and the amount of tuning that is computed by the 
proposed fuzzy inference system are depicted (Figure 8) and 
com ). Results confirm that 
the desired fit is achieved. 
 

 
Figure 7: Expert responses vs Fuzzy responses a) for nozzle 
temperature, b) for mold temperature, c) for injection speed, d) for 
hold pressure, e) for injection pressure. 

 

Table 6: Correlation between responses 

 
 

The fuzzy inference system is tested on ABS-made parts 
with different geometries. Trials are carried out after recalling 
the initial parameter settings from the database for each part. 
The results show that the proposed system can mimic the 
experts successfully. The results and actions for five different 
changeover sessions are given in Table 7. 
 
Table 7: Implementation of FIS in five different cases 

 
 

In the last changeover session, short shot is observed at the 
end of the first trial. Severity of the short shot is graded 6 over 
10 and the grading is entered into the FIS. The proposal of FIS 
is to increase the injection pressure by 9 bars in order to fill the 
cavity. After the implementation of the proposal a slight sink 
mark is observed on the part which is graded by 2 over 10. For 
resolution of slight sink mark, FIS proposes increasing hold 
pressure by 2.5 bars and the defect-free product is reached. 
Product visuals for each step of this session are given in Figure 
8. 

 

 
Figure 8: Expert responses vs Fuzzy responses 

 
 Real molding trials reveal that, proposed fuzzy inference 
system can generate correct solutions with several trials as 
experts do. 
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Abstract - In this study mechanical performance of sand soils 
that are improved with waste rubber along with fly ash and clay 
under effects of compressive and tensile stresses were investigated. 
Therefore, a L16 Taguchi method using 4 parameters with 4 levels 
was designed. Fly ash, clay, rubber ratios and rubber diameter are 
the parameters. And the levels are %0, %10, %20, %30 for fly ash 
ratios, %10, %15, %20, %25 for clay ratios, %0, %4, %8, %12 
for rubber ratios by total soil weights and 0.25 mm, 0.75 mm, 1.25 
mm, 1.75 mm for rubber diameters. Fly ashes and clays were used 
as binding materials. These experimental designs were tested for 
their strength and deformation performances with Unconfined 
Compressive Strength (UCS) Test and Splitting Tensile Strength 
(STS) Tests. According to tests results and analysis of them with 
Taguchi method, it was observed that increase in the rubber ratio 
improved the UCS and deformation ability of soil samples in UCS 
Test and the maximum test results observed with fourth level 
which is the maximum ratio of waste rubber (%1.75). Also in STS 
Test, increase in the rubber ratio increased tensile strength of sand 

there is an optimum diameter for rubber diameter instead of 
maximum diameter. Because it was observed that second level of 
rubber diameter (0.75 mm) was the most effective diameter which 
maximized the Split Tensile Stress strength. As a result, S/N ratios 
obtained from Taguchi Method showed that maximum rubber 
ratio and optimum rubber diameter can improve mechanical 
performance against compressive and tensile stresses and while 
doing this they can also improve deformation ability of sand soils.  
 

Keywords  Taguchi Method, Waste Rubber, Compressive 
Strength, Tensile Strength.  
 

I. INTRODUCTION 

HEAR Strength and deformation of sand soils can be 
increased by using correct additive. While the choice of 

additive materials to be used for this is important, at the same 
time the ability of the waste materials to be used to improve the 
soil properties makes it attractive that these materials can be 
used in various fields of geotechnical engineering. Today 
rubber wastes are increasing. The ductility of rubbers caused 
the investigation of the use of these materials in engineering 
fields. Effects of waste rubbers have been investigated by many 
researchers for sand soils in geotechnical engineering. Overall 
improvements in the soil characteristics, such as enhanced shear 
strength, can be achieved by the addition of tire shreds [1]. Also, 
increasing of shred content to an optimum value increases the 

bearing capacity sand soils [2]. One of the possible alternatives 
for rubber waste is to use shredded tires alone or mixed with 
soil as a lightweight backfill. With an increasing proportion of 
sand in the mixture, the density, unit weight, and shear strength 
of the mixture increased, but the compressibility decreased in 
triaxial tests [3]. The tire shred content and tire shred aspect 
ratio influence the stress strain and volumetric strain behaviour 
of the sand-tire shred mixture. The axial strain at failure 
increase with increasing tire shred content [4]. In a study of a 
group of researchers the shear behavior of mixtures of fine-
grained sand and 1-5 mm granulated rubber was investigated. 
They performed sixty direct shear tests on sand-granulated 
rubber mixtures with various rubber contents at different 
relative densities and different normal stresses. They found that 
the granulated rubber improves the shear strength of fine-
grained sand at medium relative density and low normal stress 
[5]. According to one of the previous study the unreinforced and 
samples reinforced with scrap tires were subjected to 
unconfined compression, shear box, and resonant frequency 
tests to determine their mechanic properties and scrap tires are 
found to be improve the strength properties and dynamic 
behavior of clayey soils [6]. 

Fly ash is a pozzolanic material and when used with binders 
such as cement and lime, it can have important effects in 
improving the soils. Actually, it is an industrial waste material. 
And it has been used and its properties have been investigated 
by many researchers. It has been used to bind non-cohesive soil, 
granular or poorly cohesive soil and fly ash is mainly used to 
stabilize the sub base or base course [7]. The effects of freezing-
thawing processes can be improved on the clayey soil when it 
is stabilized with fly ash and cement. While fly ash is a 
pozzolan, because of the free lime in the fly ash, it contributes 
to an increase in unconfined compression strength [8]. In a 
study on cement stabilized fly ash-soil mixtures. It was found 
that gain in strength and modulus increase as cement content 
increases, but decrease as fly ash content increases. Thus, 
influence of the cement content is more effective than that of 
the curing time and performance of fly ash can be improved by 
stabilizing it with cement. [9].  
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II. MATERIALS AND METHOFS 

A. Materials 

The sand used in this study is chosen as uniform sand and it 
obtained from sea coast. Grain distribution of the sand soil that 
is wanted to be improved is given Figure 1. Maximum diameter 
of the sand soils is 1mm and they can be classified according to 
USCS as SP.  

 

 
Figure 1: Grain distribution of the sand. 

  
The waste rubber was obtained from used car tires that are 

grinding at industrial factories. Diameter of these waste rubbers 
are chosen as 0.25 mm, 0.75 mm, 1.25 mm and 1.75 mm, 
respectively.  

The fly ash used in this study was obtained from Seydisehir 
Eti Aluminium Plants in Konya state of Turkey. Its gradation 
contains particles of 15.8% sand and 84.2% silt. Chemical 
compounds of the fly ash are given in Table 1. 

Table 1: Chemical compounds of fly ash by percentages. 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O Free CaO 

19.87 8.12 6 28.26 0.99 18.18 0.37 0.09 16.34 

 
The clay used in this study contains 91% kaolin and 9% illite 
and specific surface are of the clay is 15.29 m2/g. It was 
obtained from capacity of 
this clay is 11.76 meq/100g. Other properties of the clay are: 
liquid limit of 44.7%, plasticity index of 21.40%, particle size 
of less than 0.075 mm, %99, particle size smaller than 0.002 
mm, 54%, specific gravity of soil 2.59. According to Unified 
Soil Classification System (USCS) soil class is low plasticity 
clayey soil (CL). 
 

B. Experimental Program 

The Taguchi Method was used for the experimental study. In 
this method, different conditions (levels) of the effective 
parameters are tested to achieve the desired optimum result. 
Depending on the sound/noise (S/N) ratios calculated according 
to the test results, the effects of parameter levels can also be 
seen. The advantage of the method is that a much larger number 
of experimental design results can be predicted by creating a 
small number of experimental designs within a small margin of 
error. But what is important here is that the correct parameter 

levels must be chosen during design process that requires 
scientific and engineering experience and that the experiments 
must be done correctly.  

In the Taguchi method, orthogonal test design arrays are used 
to create tables according to the desired parameters and their 
levels. For example; L9 (34) shows a 3-level 4-parameter 
experiment design table.  

L16 (45) Taguchi orthogonal array can be used for experiment 
designs. 4 parameters and 4 levels were used in this study. In 
the Taguchi L16 design table, A, B, C and D were coded to show 
the parameters rubber ratio, rubber diameter, fly ash ratio and 
clay ratio, respectively. And the levels are %0, %4, %8, %12 
for A, 0.25 mm, 0.75 mm, 1.25 mm, 1.75 mm for B, %0, %10, 
%20, %30 for C, %10, %15, %20, %25 for D, by total soil 
weights. UCS and STS tests were performed on these 
experiment designs. In UCS tests it was aimed to find maximum 
vertical deformation at failure max) and unconfined 
compressive strength (qu). STS values were measured with STS 
tests. Sound/Noise (S/N) analysis and analysis of variance 
(ANOVA) were performed according to the obtained test 
results. Thus, it can be investigated which of the selected 
parameters has the greatest effect on the results and in which 
levels the maximum values are obtained. The purpose of this 
study is to investigate the contribution of rubber use to strength 
and deformation of the sand soil, along with other parameters. 
 

C. Tests 

As a first step in the experimental study, Standard Proctor 
Tests for 16 test designs were made according to ASTM 698 
[10]. Optimum water content and maximum dry unit volume 
weights were found from these test results (Table 2). Metal tubes 
with a diameter of 38 mm and a height of 76  mm were   
prepared in  5  layers  and  each  layer  was  compressed  with a 
12-stroke  knocker   to  apply  energy  at a level similar to  the 

Table 2: Standard Proctor test results 

Experiment  
No 

Optium moisture content  
(wopt, %) 

Maximum dry unit 
weight 

 ( kmax, kN/m3) 

1 5 18.85 

2 8 18.1 

3 14 16.5 

4 21 15.9 

5 12 16.6 

6 10 16.8 

7 14 16.25 

8 13 16.4 

9 16.4 15.9 

10 17 16.3 

11 11 16.9 

12 13 18.2 

13 15.2 15.49 

14 13 16.45 

15 15 16.35 

16 9 17.3 
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standard proctor energy and the samples were prepared at wopt-

kmax values. Two samples were prepared from each 

have significant effect on results) of cement by total weight was 
used to provide stability when preparing the samples.  
STS and UCS tests were carried out on the samples according 
to ASTM 2166 [11] and ASTM 496 [12], respectively. In the 
UCS tests, qu and max were obtained. The loading speed in the 
UCS tests was set at 1 mm/min. 

 

III. RESULTS 

The parameters, levels, qu max and STS values obtained from 
UCS and STS tests are given in Table 3. In this table, the test 
result values, mean values and S/N values of each experimental 
design are seen together.  

In UCS experiments; maximum qu values were obtained in 
the 2nd experiment as 424 kPa where rubber diameter, fly ash 
ratio and clay ratio are at their 2nd level and rubber ratio is at 
its 1st level. The lowest values were observed as 82 and 83.5 
kPa, respectively in the 11th and 1st experiments, where the fly 
ash ratio was 0% (1st level). These results indicate that the fly 
ash enhances strength because of lime content it has, but the 

materials at their maximum levels is that the strength of the sand 
itself is high. Thus, adding much more fines (the fly ash and the 
clay) caused the drop in the soil strength because the fine 
particles has lower strength than the sand particles. 

The max values obtained from the UCS tests were observed 
at the highest values in certain values of the rubber ratios, and 
its highest value was obtained as 5.15% in the 5th experiment 
where the rubber ratio was 4% (2nd level). Here it can be seen 

easily; the minimum max values were obtained for in 3rd, 4th, 
1st experiment designs where the rubber ratio was 0% (level 1), 
as 1%, 1.5% and 1.6%, respectively. From these results, it is 
seen that max value decreases dramatically in rubber deficiency.  

 In STS tests, the strength of the samples against the tensile 
is determined indirectly by splitting. The STS value obtained 
from these test results was highest in the 10th experiment with 
30% (4th level) fly ash ratio and 8% (3rd level) rubber ratio.  

The lowest STS value was found in experiment 1 with 0% 
(1st level) rubber ratio, 0% (1st level) fly ash ratio and 10% (1st 
level) clay ratio. While this result shows that the rubber ratio 
increases ductility, the lack of clay that helps to stabilize the soil 
and the absence of fly ash that increases resistance with its lime 
content reduces tensile strength. This shows that the sand soils 

expected result. The rubber, on the other hand, increases 
ductility of the soil matrix and prevents the tensile strength from 
being too low.  

UCS and STS test results and S/N values were obtained in 
the experiment design using Taguchi method. These values 
were obtained with larger is better situation; because we aimed 
to obtain the highest strength value and when we get this value 

max) should be high enough to show that soil 
matrix has enough ductility and for this reason it is necessary to 
optimize the experiment results according to the maximum 
results. The response table is graphically charted with S/N 
correspond to each level of each parameter according to the 
results. S/N charts are shown in Figure 2. According to S/N 
values for qu, the S/N values of fly ash and clay ratios, Although 
the jump to 1st level of these parameters to 2nd levels was 
significant, difference between 2nd 3rd, 4th was insignificant.  

 
 

Table 3: Taguchi design table 

Experiment 
No 

Parameters 
Unconfined Compressive Strength Test Results Split Tensile Strength  

Test Results (kPa) qu (kPa) max1 (%) 

A B C D qu1  qu2  quavg  S/N  max1 max2  avg S/N  STS1  STS2  STSavg  S/N 

1 1 1 1 1 78 89 83.5 38.38 1.5 1.7 1.6 4.03 53.22 50.01 51.615 34.24 

2 1 2 2 2 369 479 424 52.33 1.9 1.95 1.925 5.69 137.69 182.6 160.145 43.83 

3 1 3 3 3 412 137 274.5 45.29 1.4 0.6 1 -2.16 95.99 125.93 110.96 40.67 

4 1 4 4 4 152 348 250 45.89 1 2 1.5 2.04 147.32 121.65 134.485 42.45 

5 2 1 2 3 156 144 150 43.50 4.8 5.5 5.15 14.18 81.02 50.01 65.515 35.59 

6 2 2 1 4 142 222 182 44.57 2.2 4 3.1 8.71 167.63 149.46 158.545 43.96 

7 2 3 4 1 150 230 190 44.99 2.8 3.4 3.1 9.71 120.58 143.04 131.81 42.30 

8 2 4 3 2 394 357 375.5 51.46 3.2 3.4 3.3 10.36 169.77 146.25 158.01 43.90 

9 3 1 3 4 260 260 260 48.30 4.4 4.8 4.6 13.23 172.98 208.27 190.625 45.49 

10 3 2 4 3 362 356 359 51.10 4.8 4.6 4.7 13.44 167.63 230.72 199.175 45.66 

11 3 3 1 2 86 78 82 38.25 1.8 1.7 1.75 4.85 67.12 71.39 69.255 36.80 

12 3 4 2 1 138 154 146 43.25 2.8 3.6 3.2 9.90 55.35 79.95 67.65 36.17 

13 4 1 4 2 266 232 249 47.86 3.6 3.9 3.75 11.46 153.73 110.96 132.345 42.09 

14 4 2 3 1 191 176 183.5 45.25 4 3.8 3.9 11.81 107.75 94.92 101.335 40.06 

15 4 3 2 4 300 375 337.5 50.40 3.7 4.9 4.3 12.41 168.7 198.64 183.67 45.19 

16 4 4 1 3 269 228 248.5 47.82 2.9 2.7 2.8 8.93 124.86 145.18 135.02 42.53 
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This indicates that these two parameters do not need to be 
included to soil matrix with their maximum ratios; however, the 
highest qu values can obtained at their highest level. According 
to S/N values optimum experiments are selected for maximum 
qu, max and STS. The highest value for qu can be obtained from 
an experimental design consisting of A4, B2, C3 and D2 
parameters. The highest value for max can be obtained from an 
experimental design consisting A4, B1, C2 and D4 parameters. 
The highest value for STS can be obtained from an 
experimental design consisting A4, B2, C4 and D4 parameters. 
These results showed that the highest results can be achieved in 
the test designs where the rubber ratio is the highest. 
 

 
Figure 2.a: S/N charts for qu values. 

 

 
Figure 2.b: S/N charts for max values. 

 

 
Figure 2.c: S/N charts for STS values. 

 

In the end, ANOVA was performed to show the effects of the 
parameters and their levels on the qu max and STS results. In 
the ANOVA, the averages of the test results were used. 

ANOVA results are shown in Table 4. According to the 
ANOVA results, following contribution of parameters to test 
results are given by percents below. 

As a result of UCS tests; The most important parameter 
affecting the change of qu values is fly ash with 27.29% and the 
rubber ratio parameter with 4.05% having the least effect. From 
these results, it was seen that the rubber ratios did not 
significantly affect the qu values. In contrast, fly ash has the 
property of increasing strength which can be explained because 
of binding behavior and pozzolanic activity of it. 

 As a result of UCS tests; The change in max values was 
found to be most affected by the ratio of the rubber with 
56.74%, followed by the rubber diamater of 17.04%. These 
results clearly demonstrate that the ductile characteristic of the 
rubber contributes to the property of soil deformation ability 
much more than other factors.  

As a result of STS tests; The change in STS values was found 
to be affected by the ratio of clay at a maximum of 37.72% and 
the rubber ratio at least by 3.68%. In addition, after the clay 
ratio, 15.57% of the effect of the fly ash ratio came out. 
Accordingly, it can be concluded that the effect of clay cohesion 
oversees the soil tensile strength more. In fact, it was expected 
here that the rubber ratio contributes more to the change of 
results; although it affected the highest values, it did not 
significantly affect the change of values. 

Table 4(a): ANOVA analysis results for qu values. 

Parameter DF Seq SS Contribution 
Adj 
SS 

Adj 
MS 

F-
Value 

  A 3 6194 4.05% 6194 2065 0.15 

  B 3 22927 14.98% 22927 7642 0.56 

  C 3 41766 27.29% 41766 13922 1.03 

  D 3 41507 27.12% 41507 13836 1.02 

Error 3 40656 26.56% 40656 13552   

Total 15 153049 100.00%       

Table 4(b): ANOVA analysis results for max values. 

Parameter DF 
Seq 
SS 

Contribution 
Adj 
SS 

Adj 
MS 

F-
Value 

  A 3 13.662 56.74% 13.662 4.5539 13.39 

  B 3 4.103 17.04% 4.103 1.3676 4.02 

  C 3 3.809 15.82% 3.809 1.2695 3.73 

  D 3 1.484 6.16% 1.484 0.4947 1.45 

Error 3 1.02 4.24% 1.02 0.3401   

Total 15 24.078 100.00%       

Table 4(c): ANOVA analysis results for STS values. 

Parameter DF 
Seq 
SS 

Contribution 
Adj 
SS 

Adj 
MS 

F-
Value 

  A 3 1213 3.68% 1213 404.2 0.12 

  B 3 4302 13.07% 4302 1434.1 0.44 

  C 3 5126 15.57% 5126 1708.5 0.52 

  D 3 12414 37.72% 12414 4138 1.26 

Error 3 9857 29.95% 9857 3285.7   

Total 15 32912 100.00%       
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I. CONCLUSIONS 

In this study, the effects of fly ash ratio, rubber diameter and 
clay ratio and especially the rubber ratio on the compressive and 
tensile strengths and deformation abilities of sand soils were 
investigated. For this, UCS and STS tests were performed on 
the sand soil experiment designs formed using the L16 Taguchi 
orthogonal array table. According to test results, S/N and 
ANOVA analysis the following assessments can be made: 

- The sand soil that was stabilized by the binding 
characteristic of the clay and fly ash was able to keep itself 
without separation. According to S/N values, increase in rubber 
ratio, fly ash ratio and clay ratio can improve the strength 
values. ANOVA results showed that the change in qu values 
was most influenced by fly ash ratio and at least affected by 
rubber ratio. 

- It was expected and found that max values was at their 
maximum when the rubber ratio in the soil matrix was at its 
highest level. According to S/N values, increase from 1st level 
to 2nd level was important, difference between 2nd 3rd, 4th 
could be ignored. From ANOVA results it was seen that the 
most effective parameter on the change of max values was the 
rubber ratio and this can be seen from the difference of S/N 
values between 1st level and 2st level of the rubber ratio. Also, 
increase in the rubber diameter lowered the S/N value. This 
shows that there is no significant effect of rubber diameter size 

max. 
    -According to STS test results rubber ratio, fly ash ratio and 
clay ratio act as increasing parameters for STS values. This can 
be seen by examining the S/N values belonging STS test results. 

- From test results maximums or minimums could not be 
obtained regarding rubber dimensions, instead, the highest S/N 
values for qu and STS values were obtained at 2nd level and for 

max values were obtained at 1st level. Thus, the continuous 
increase in rubber diameter does not always give the best test 
results. And ANOVA results indicated that along with the three 

contribute to the change of the test results at most.  
- Results of the optimum experiment designs should be 

obtained with confirmation tests for to compare the predicted 
results of Taguchi method.  

- If the rubber is used to improve the deformation ability, it 
can have great effects with the correct selection of the rubber 
diameter and with the highest rubber ratio. 
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Abstract - Landfill gas with a calorific value of 3.5-5 kWh/Nm3 
is considered to be a renewable energy source because of being 
produced from waste. On account of having the high heating 
value, it can be used for generating electricity or heat by using the 
gas engines. In this study, the optimization was performed with 

landfill area according to gas estimation results obtained by using 
LandGEM model and it was evaluated as economically by using 
the Levelized cost of electricity method.  

Project life time was selected as 60 years (2017 to 2076) and six 
the reciprocal internal combustion engines, each with the 
electricity capacity of 1063 kWh, were used. As a result, total 
electric production was calculated as to be 1022.36 GWh duration 
of the considered life time and Levelized cost of electricity was 
found out as 0.0256 $/kWh 

 
Keywords - Landfill gas estimation, LandGEM, Waste to 

energy, Levelized cost of electric.  
 

I. INTRODUCTION 

HE management of solid waste continues to be a major 
challenge in urban areas throughout the world, particularly 

in the rapidly growing cities and towns of the developing 
countries [1]. Landfilling continue to be very attractive method 
for the disposal of solid waste generated in cities [3] because it 
is the cheapest alternative for urban waste management 
commodities and end users [4,5]. Landfill gas (LFG) is 
produced by the resultant of the physical, chemical, and 
microbial processes that occur in the waste in landfill area [6, 
7]. LFG is composed of approximately 50% of the CH4, 45% 
of CO2 and 5% of other non-carbon organic compounds 
(nitrogen compounds, hydrogen sulphide, and non-methane 
organic compounds) [8]. In addition, LFG also is considered 
as a renewable energy source [1,9] because about %50 of this 
gas composed of methane having high lower heating value 
(LHV) depending on methane content [10].  

The energy from LFG can be recovered in many different 
technologies such as boiler for heating, direct thermal 
applications, electricity generation with internal combustion 
gas engines (ICE), micro gas turbines, steam turbines and fuel 
cells [11]. However, internal combustion engines are the most 
widely used technology for the conversion of LFG to 
Electricity [12]. The landfill gas to energy (LFGTE) projects 
are an increasingly prominent component of future energy 

portfolios. Although many removal techniques and sorbent 
regeneration strategies may prove effective, economical 
consideration ultimately is an immense factor [13]. Assessing 
the economic feasibility also is an important issue when 
making decisions with respect to a LFGTE project. 
In this study, it was aimed to the optimization with the 

area according to gas estimation results obtained by using 
LandGEM model and to evaluate as economically by using the 
Levelized cost of electricity method.  

 

II. METHODOLOGY 

project was carried out to using reciprocal internal combustion 
engine, which has the electricity capacity of 1063 kWh 
according to LFG estimated by LandGEM software from the 
previous study. Moreover, considered LFGTE project was 
analyzed as economically by using Levelized cost of energy 
(LCOE) method in light of the obtained optimization results. 

A. Case-Study Landfill 

accepting of the MSW in 2010 was selected as study area. 
Eskisehir is a city with a total of 14 districts, 2 of which are 
central districts. The municipal solid wastes (MSW) of the two 
central distr
landfill area, whereas MSW of 12 districts are disposed of 
open dumping [14]. Gas estimation results carried out by 

waste for 15 years are shown in Figure 1. and electrical energy 
production for according to estimated landfill gas can be seen 
in Figure 2. [15]. 
 

 
Figure 1: rea. 
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Figure 2: Electrical energy production for according to estimated 

landfill gas. 

B.  

The three most commonly used technology for convert the 
landfill gas to energy are reciprocal internal combustion 
engines (RICE), gas turbines and micro turbines. The size of 
the project is most influential in the selection of these 
technologies. The RICE which are used more than 75 percent 
are well-suited for 800 kW to 3 MW. The gas turbines are 
preferred for 5 MW and larger plants, while micro turbines are 
used for projects smaller than 1 MW [16]. 

The maximum electrical energy for the previous study is 
31.07 GWh/year which is equal to 3.54 MWh during the year 
2032 as can be seen Fig. 2. Therefore, RICEs are used to 
generate electricity in this present study. According to 
estimated electrical energy, six RICEs, each with the 
electricity capacity of 1063 kWh, were used for 60 years 
(2017-2076). The technical and economical parameters of 
RICE used are shown in Table 1 [16,17]. 

Table 1: The technical and economical parameters of rice used. 

Parameter Value 
RICE JMS 320 GS-B.L 

Electrical output  (kWe) 1063 
Recoverable thermal output (kW) 1088 

Electrical efficiency (%) 40.8 
Thermal efficiency (%) 41.7 

Fuel Consumption based on a LHV of 5 
 

521.4 

Investment cost ($/kW) 1800 
Operation and maintenance ($/kW) 180 

C. Economic Model 

One of the most important steps in terms of the applicability 
of the project is economic analysis. The levelised cost of 
electricity (LCOE) method is a widely used method for 
economic evaluation of renewable energy plants, such as 
LFGTE plants. For a plant, the levelised cost of electricity is 
calculated by dividing sum generated electricity that occurs 
throughout the lifetime to sum the expenses that occurs 

throughout the lifetime (both in present value terms) as given 
Eq. 1 [18,19]. 

 

                                                          (1) 

 
where n is the lifespan of the power plant, Ct and Et stands 

for total cost and total generated electricity in year t 
respectively and r is the real discount rate. Real discount rate, 
r, is defined in Eq. 2 [20]. 

 

                                                                          (2) 

 
where i denotes the nominal discount rate and f is the 

inflation rate. In present study, i and f have taken as 8% and 
2% respectively.  

 

III. RESULTS 

A. Optimization Results 

The six RICEs in full capacity have been accompanied in 
such a way as to using electrical energy potential in maximum 
by using Excel software at different time intervals. as can be 
seen Figure 3. The first of the RICEs which have 20 years of 
lifespan move in 2017 and the second and third engine have 
been started after 10 years in 2027. The fourth engine has been 
run in 2037 and the fifth and sixth engines have been operated 

 
Figure 4 shows that the electrical energy have been 

generated by RICEs over lifecycle. As can be seen Figure 4, 
total electric production was calculated as to be 1022.36 GWh 
duration of the considered life time (2017-2076) by using six 
RICEs.  

 

 
Figure 3: Optimization results of RICE. 
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Figure 4: Annual electrical energy generated by RICEs. 

B. Economic Analyses Results 

The cash flow summary enabled by taking into account RICE 
starting time and lifecycle is shown in Fig. 5. The net present 
value (NPV) of investment and operation-maintenance costs 
during the 60-year lifetime were calculated as $ 6.961.647,56. 
By using Eq. 1, LCOE was found out as 0.0256 $ /kWh. 
 

 
Figure 4: The annual cash flow summary. 

 

IV. CONCLUSION 

landfill area is acceptable as economically and also to reduce 
greenhouse gas emission. The total energy generated by using 
six RICES was calculated 1022.36 GWh duration of 
considered life time (2017-2176). In addition, levelised cost of 
energy was found out as 0.0256 $/kWh. It is clear that LFGTE 

0.13 $/kWh sale price in Law on the Use of Renewable Energy 
Sources for Electricity Energy Production. 
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Abstract - Turkey is a country which depends on the imported 
energy for about 75%. Therefore, the potential and uses of 
domestic and renewable energy sources have been investigating 
by many researchers. The waste to energy production can be 
viewed as a renewable resource that is non- imported. In addition, 
the waste which is hazardous for human and environment can be 
disposed of in this way. Landfilling is a most popular method to 
dispose of waste in Turkey. In this study, the energy potential of 
30 years (2017-2047) municipal solid waste was estimated for 
Turkey by using LanGEM model. According to LanGEM result, 
when (2017-2047) municipal solid waste is disposed of in the 
landfill area, landfill gas is released until the 2157 year. The total 
amount of landfill gas was found as 2.9x1011 m3 and the energy 
content of this gas was calculated as 375,709 GWh per lifetime 
(2017-2157). 

 
Keywords - Landfill gas estimation, LandGEM, Greenhouse 

gas emission, energy potential from landfill.  
 

I. INTRODUCTION 

HE energy supply, municipal solid waste (MSW) 
management and effect of greenhouse gases (GHGs) are 

the most important issues due to the rise of urbanization and 
the intensified industrialization in developing countries [1]. 
Even though there are many ways, landfilling is the most 
common MSW management method in the world nowadays 
[2]. Landfill gas which is essentially methane (CH4) (50 55%) 
and carbon dioxide (CO2) (40 45%) (both GHGs) is released 
from MSW by biodegradation processes [3]. For this reason, 
the greenhouse effect of landfill gas is inevitable. However, 
landfill gas can be converted to green energy [3] due to 
consisting of methane in about %50 of this gas which having 
approximately 16-22 MJ/Nm3 lower heating value (LHV) 
depending on methane content [4]. 

By collecting and using of landfill gas, both the energy can 
be obtained to contribute to the economy and the greenhouse 
effect can be reduced directly and indirectly with the 
conversion of CH4 into CO2 [5,6]. The determining of landfill 
gas amount emitted is the most barrier in order to calculate the 
energy that can be obtained from landfill areas and to 
determine the greenhouse effect. Landfill gas can be estimated 
by field measurements, experimental processes or 
mathematical modeling approaches [7]. Numerous 
mathematical models have been developed for predicting the 

amount of landfill gas for many years based on the zero, first 
and second order decomposition equations [8]. However, 
models based on second order decomposition are not widely 
used because of not being precisely determined of the required 
parameters [9]. In addition, zero order models do not reflect 
the biological landfill gas generation processes. Therefore, the 
first order models are widely used by industry, state regulators, 
the Intergovernmental Panel on Climate Change (IPCC), and 
the US Environmental Protection Agency (US EPA) to 
estimate landfill gas generation [10]. The Landfill Gas 
Emissions Model, LandGEM, which is develop by US EPA 
based on the first-order decomposition equation is an 
automated estimation tool with a Microsoft Excel interface that 
can be used to estimate emission rates for total landfill gas 
methane, carbon dioxide, non-methane organic compounds 
(NMOC), and individual air pollutants from municipal solid 
waste landfills [11]. To be able to use this model, parameters 
such as the amount of annual waste stored or the total amount 
of waste in the storage area, the methane generation rate, the 
potential methane generation capacity, initial and final year of 
waste acceptance is required. In this study, it was aimed to 
estimate the amount of landfill gas to be generated with MSW 
amount of generated in Turkey and to determine the energy 
potential of this gas.  

 

II. METHODOLOGY 

In the present study, for the long term, the landfill gas 
amount with MSW amount of generated in Turkey was 
estimated by using LandGEM 3.02 model and the energy 
potential of estimated gas was determined in the case of using 
an internal combustion reciprocal gas engine. To achieve this 
study, the amount of solid waste for the future was obtained by 
population estimation using the arithmetic increase method. In 
addition, methane generation rate and potential methane 
generation capacity values required for model were obtained 
using IPCC methodology. The amount of MSW, waste 
composition, population and meteorological data for the past 
years were obtained by the TURKSTAT, Turkish State 
Meteorological Service and Ministry of Environment and 
Urbanism in Turkey Republic. 

A. Case-Study  

In this study, Turkey was selected as study area. Turkey is 
one of the developing countries with 79814871 populations 

Estimation of landfill gas and energy potential 
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consisting of 81 cities in 2016. Therefore, Turkey has a great 
potential in term of municipal waste to energy. Turkish 
Statistical Institute (TURKSTAT) shares the knowledge of the 
amount of total annual waste generated and amount of waste 
per capita in each two years. The annual amount of solid waste 
needs to know to estimating landfill gas, the data of solid 
waste amount generated in unshared years has been 
determined to be based on following year data.  The amount of 
MSW generated and the total populations data in Turkey 
according to years are shown in Table 1. 

Table 1: Population and amount of MSW generated in Turkey. 

Years 
Total Population 

in Turkey 
(Person)       

 MSW Amount 
Generated 
(Ton/year) 

2001 - 25133696 

2002 - 25373134 

2003 - 26117539 

2004 - 25013520 

2005 - - 

2006 - 25279971 

2007 70586256 - 

2008 71517100 24360863 

2009 72561312 - 

2010 73722988 25276698 

2011 74724269 - 

2012 75627384 25844573 

2013 76667864 - 

2014 77695904 28010721 

2015 78741053 - 

2016 79814871 - 

The composition of MSW generated in Turkey in 2016 is 
shown in Figure 2 [12]. As seen in Figure 2., the amount of 
organic solid waste is quite. It is mean that MSW of Turkey 
has a very great waste composition in point of potential 
methane generation capacity. 
 

 
Figure 1: Composition of the MSW in Turkey. 

 
The annual average amount of precipitation values 

according to years for the study area are shown in the Figure 3. 
According to Figure 3., the average amount of precipitation is 
574 mm between the 1981-2016 years for Turkey. 

 
Figure 2: Amount of precipitation according to years. 

B. Determining the parameters to be used  

The amount of the solid waste, methane generation rate (k) 
and potential methane generation capacity (Lo) are needed to 
know to estimating landfill gas by using LanGEM model for 
the considered site. This model has standard k and Lo values 
created by United States Energy Production Agency and also 
enable to entering values determined by the user. However, the 
standard k and Lo values were found out by using solid waste 
composition and meteorology values of United States. It is 
mean that these standard values may not proper for the 
considered site if this site is not in the United States. The k and 
Lo are needed to determining for considered site to calculating 
more accurate landfill gas estimation. 

 
1) Estimating the amount of solid waste 

The amount of being generated solid waste is calculated by 
Eq. 1[13]. 
 

                                               (1)   

                                                                                                    
where A is to be generated annual solid waste amount 
(ton/year), Nt is the population of the considered year and Ak is 
the amount of the solid waste produced a day per a person (kg-
person/day). In this study, the future population was calculated 
by using arithmetic increase method as seen Eq. 2 [14]. 
 

                                                             (2) 

 
where Ny is the last census, tg is the year of the last census,  ty 
is the year to be studied and ka is the arithmetic increase 
coefficient which is calculated by using Eq. 3. 
 

                                                               (3) 

 
where Ne and te is the the first population and the year in which 
first population census was carried out respectively. 
 

2) Determining methane generation rate 
The methane generation rate, k, determines the rate of 

methane generation for the mass of waste in the landfill [14]. 
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The methane generation rate is calculated by using Eq. 4 
[2,15]. According to this equation, the methane generation rate 
was determined as 0.028368 for Turkey. 
 

                                                        (4) 

 
where R is the average precipitation amount for considered 

site. 
 
3) Determining potential methane generation capacity 

The potential methane generation capacity, Lo, depends only 
on the type and composition of waste placed in the landfill 
[14]. According to International Panel on Climate Change 
(IPCC) methodology, Lo value is calculated as seen in Eq. 5 
[16]. 
                              

                                (5) 

 
where Lo is a potential methane generation capacity (kg/ton), 
MCF is a methane correction factor (default =1.0), DOC is a 
degradable organic carbon (kg/ton), DOCf is a fraction of 
assimilated DOC (default = 0.77), F is a fraction of methane in 
landfill gas (default = 0.5), and 16/12 is a stoichiometric 
factor. DOC is calculated by using Eq. 6 [16]. 

                     
      (6) 

 
where DOC is degradable organic carbon, A, B, C, D, E are 
fraction of municipal solid waste (MSW) that is the food 
waste, the paper or cartoon waste, the textile waste, the wood 
or straw waste, the garden or park waste, the nappy waste, the 
rubber or leather waste respectively. 
 

C. Calculating of the power generation 

The amount of power could be computed using the electrical 
conversion efficiency as seen Eq. 7.  
 

                                           (7) 

 
where   is the flow rate of landfill gas (m3/h), LHVlg is the 

lower heating value of landfill gas (MJ/m3),  is the recovery 
rate (75%) and   is the electrical efficiency of the gas engine 
(38.7%).  LHV of the landfill gas varies from 3.5 to 5.5 
kWh/Nm3 [4]. In the present study, LHV of the landfill gas is 
specified as to be 5 kWh/Nm3 

III. RESULTS 

A projection of the LFG generation up to 2157 was done for 
Turkey. Figure 4. shows estimated total landfill gas, methane, 
carbon dioxide and NMOC gas up to the year 2157. The graph 
shows that the amounts of gas would keep on increasing until 
it reaches a maximum in 2048 where total landfill gas is 5831 
Mm3, methane is 3207 Mm3, carbon dioxide is 2624 Mm3 and 
NMOC is 22.7 Mm3. After 2048, the amounts of gas would 
continue to produce but a lower rate because of not accepting. 

 

 
Figure 3: Estimated landfill, methane, carbon dioxide and NMOC 

gas. 

  
   Figure 5. shows electrical energy production for according 

to estimated landfill gas. Electricity generation has started in 
2018, after one year of acceptance of waste, as 295.8 GWh 
and it could be seen from the graph that it would reach a peak 
power in 2048 with 7539.3 GWh. 

 

 
Figure 4: Electrical energy production from landfill gas estimated 

IV. CONCLUSION 

The use of landfill gas to produce electricity is a promising 
approach both in terms of conserving energy and also to 
reduce greenhouse gas emission. the maximum landfill gas 
formation and electrical energy production was found as 5838 
Mm3 and 7539.3 GWh respectively. The total amount of 
landfill gas is 2.9x1011 m3 and electricity production was 
calculated as 375709.5 GWh duration of considered life time 
(2017-2157). It can be concluded that landfill gas as a 
renewable energy source is a good for power generation and it 
can be used as an alternative to fossil resources. 
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Abstract  There have been an increase in studies focusing on 
developing materials that are being inspired by Nature, in the 
recent years. Lattice-inspired and bio-inspired structures are 
being researched intensively. Also beams and truss structures are 
common elements that can be used in the engineering designs such 
as frames of machines and buildings and more. So, designing 
structures which are inspired by the lattices of metals may prove 
to be impactful. When designing structures, it is important to 
construct them in a suitable manner to maintain their estimated 
lifetime. Thus, it is vital to verify the characteristics of the 
structures such as the deflection, stresses and more. Finite 
element analysis is a commonly used method to determine those 
structural characteristics. In this study, the models that were 
inspired by the lattice structures of materials were generated. By 
using those models, beam structures were designed. Beam finite 
element simulation was conducted on the structures. Moving 
loads were implemented the structures in the analyses. The 
results showed that these designed structures can be used in many 
areas such as aviation, space, construction and more. They can 
also be used as the core part of the sandwich composites that are 
commonly used in the modeling of the structures. 

Keywords  Metals, Lattice Inspired, Finite element method, 
Dynamic analysis, Moving load 

 

I. INTRODUCTION 

n nature, wonders are endless. With technological 
advancements, humanity managed to inspect nature more 

closely and confirmed its engineering abilities and got 
fascinated by them. This made way for many studies being 
inspired by nature. Bio-inspired and lattice-inspired designs 
are being studied actively and they are expected to play 
important roles in many areas such as construction, biology, 
marine, space etc. 

. Usage and manufacturing of lattice structures have grown 
thanks to their lightweight and mechanical efficiency ratio and 
many studies related to lattices are being carried out. Some 
studies are about lattices being manufactured by using additive 
manufacturing methods and used as beams [1,2]. There are 
also studies that investigated the numerical analysis of the 
lattice structures such as Lee and McClure  
developed a numerical model for simulating behaviour of 
lattice steel tower structures. They presented static large 
deformation analysis of a lattice steel tower structure using 
finite element analysis and compared the numerical results 
with full-scale test. 2-node three-dimensional beam elements  

 
proposed in their previous work was used in the static finite 
element analysis [3]. Also, Guo et al. proposed 3D periodic 
multilayer lattice materials such as the square, the quadrate, 
the tetrahedron and the hexagon in order to supply load-
carrying necessities of a composite material. Authors obtained 
static structural simulation results using BEAM189 element in 
ANSYS, the static mechanical properties of the four multilayer 
lattice materials were analysed [4]. Sun et al. designed a 
regular hexahedral unit, produced the lattice structure 
composed of the Ti 6Al 4V units. After that, they obtained 
the experimental fracture load and the compression 
deformation of them through compression tests, then 
conducted a simulation of the unit and the lattice structure 
through ANSYS (static) to analyse the failure point [5]. 
Messner developed a method for optimizing the mesostructure 
of lattice-structured materials. These materials are periodic 
arrays of slender members resembling efficient, lightweight 
macroscale structures like bridges and frame buildings [6]. 
Syam et al. examined the use of additively manufactured strut-
based lattice structures to improve the mechanical vibration 
isolation properties of a structure. Finite element modelling 
had been used to determine the theoretical static and dynamic 
mechanical properties of both the single cell and the array 
configuration of the lattice structures [7]. 

Beams and truss structures are commonly used as tension 
structures to build facilities, machine frames and more in the 
engineering systems [8,9,10,11]. Finite Element Method 
(FEM) can be used in engineering structures that are being 
constructed with beams and trusses such as buildings, space 
structures and more [11,12,13,14,15]. In this method, 
structures are meshed out and mathematical models involving 
differential equations [16] having huge degrees of freedom are 
set. In the past equation solving was a hard task. Now, thanks 
to the developments in the computer science in the recent 
years, finite element method is now capable enough to be used 
as the leading solving method [11].  
Those developments made way for analysing the beams being 
subjected moving loads as well. In their work, Uzzal et al. 
investigated dynamic responses of an Euler-Bernoulli beam 
that was supported on two-parameter Pasternak foundation. 
They studied the effects of moving load and moving mass on 
bending moment and dynamic deflection responses of the 
beam, numerically [17]. Esen studied the dynamic responses of 
a beam which carried an accelerating moving mass by using 
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moving finite element modeling. He generated a MATLAB 
code for analyzing the structure, numerically [18]. Dehestani et 
al. investigated the critical influential speed and inertia of a 
moving mass on beams. They used Coriolis acceleration and 
analyzed the dynamic responses of the beams with various 
boundary conditions [19]. Azam et al. too investigated the 
dynamic response of Timoshenko beam model based beam 
that subjected a moving mass and moving, numerically [20]. 

In this study lattice inspired structures were designed. For 
these kinds of structures, suitable designs are important to 
retain their estimated working life. Hence, it is a must to 
determine the characteristics of those structures i.e. the 
deflections, stresses and more. And, the finite element is a 
capable method to determine those characteristics [11]. So, 
ANSYS commercial finite element program which features 
beam finite elements method that is based on Timoshenko 
beam theory was used to analyze the designed frames in this 
study. Moving loads were implemented the structures in the 
analyses. The influence of moving load velocity on deflection 
responses of the beams was examined. 

 

II. FINITE ELEMENT MODELING 

Four kinds of lattices of materials were chosen to be the 
models. Those materials are Cu, TiO2, FeS, ZnSe and those 
lattice structure models are given in Fig. 1. 

 

 
Figure 1: Lattices of the materials: (a) Cu [21], (b) TiO2 [22], (c) 

FeS [23], (d) ZnSe [24] 

Those lattice inspired designs were constructed in the 
SolidWORKS environment. Thus, a lattice database was 
created in IGES format. The lattices were labeled as Li. Where 
L is abbreviation of lattices and i references to the numbers of 
the lattices that stored in the database. The models (solid 
models) are in mm scale and given in Fig. 2. Their 
measurements are given in Fig. 3. 

  

Figure 2: Line models of lattices; (a) Cu, (b) TiO2, (c) FeS, (d) 
ZnSe. 

 

 

 
Figure 3: Dimensions of lattices and section. 

 
For finite element solving program ANSYS was used. The 

IGES files were imported into ANSYS. Then, the models were 
constructed into the beam structure. As an example, the L2-
beam that is composed of L2 cell models is given in Fig. 4. 

 

 

Figure 4: L2-beam. 

 To construct finite element model of the beams, only one of 
the lattice models was used in every turn and in total of 4 beam 
structures were generated. For the structures, ten models in the 
direction of the x-axis were joined together.  

BEAM44 elements were used in ANSYS models. BEAM44 
is a uniaxial element with tension, compression, torsion, and 
bending capabilities [25]. 

The material properties of lattices were defined by pm = [E, 
  where E is modulus of elasticity (GPa),  is density 

(kg/m3),  . 
pm = [113.8, 4430, 0.342, 0.0001] for TI-6AI-4V material and 
designing was constructed as linear elastic isotropic model in 
this study. 

In order to establish the finite element models of these beam 
structures, firstly the modeling macro files were prepared. 
Secondly the solution macro files for computing deflections of 
those beam structures were created. In the model macro files, 
lines were allocated for beams. Then, material properties and 
section were defined for the beams. Cell dimensions were 

re meshed by 
assigning these sections and material properties. Finally, 
transient dynamic analyses were performed and deflections of 
these beam structures obtained by using the solution macro 
files.  

III. FINITE ELEMENT RESULTS OF THE BEAM STRUCTURES 

UNDER MOVING LOAD 

 
In these analyses, moving loads were applied on nodes by 

assuming the amplitudes were constant at different velocities 
in direction of x-axis. The moving load velocities were 
determined by using Eq. 1, 

b (µm) 1250 

h (µm) 2500 

t  (µm) 1000 

s  (µm) 50 

873 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

                                    (1)    

where vx is velocity in direction of x-axis, kv is velocity 
coefficients that were chosen as [0.25, 0.5, 1, 2, 3 ,4 ,5], es is 
element size and t is time step of the simulation. t was 
calculated by using Eq. 2,  

                                  (2) 

where fn is natural frequency of the beams at direction of 
excitation. Applied moving loads (see Fig. 5) which were 
chosen as 50 times of their total weight were implemented on 
nodes. 

The simply supported boundary conditions were 
implemented on both ends of the beams. Then, the influence of 
moving load velocity on deflection responses of the beams was 
considered. The response point and applied moving loads are 
shown in Fig.5.  

 
Figure 5: Response point of L2-beam. 

 
In Fig. 6, it can be observed that the maximum deflection of 

L1-beam structure is occurred at the velocity of 21.52 m/s 
because of the traveling time being the longest on the beam. 

 

 

Figure 6: Velocity effect of moving load on L1 lattice beam. 

In Fig. 7, it can be observed that the maximum deflection of 
L2-beam structure is occurred at the velocity of 10.00 m/s 
because of the traveling time being the longest on the beam. 

 

 

Figure 7: Velocity effect of moving load on L2 lattice beam. 

In Fig. 8, it can be observed that the maximum deflection of 
L3-beam structure is occurred at the velocity of 14.98 m/s 
because of the traveling time being the longest on the beam. 

 

 

Figure 8: Velocity effect of moving load on L3 lattice beam. 

In Fig. 9, It can be observed that the maximum deflection of 
L4-beam structure is occurred at the velocity of 8.89 m/s 
because of the traveling time being the longest on the beam. 

 

 

Figure 9: Velocity effect of moving load on L4 lattice beam. 

Due to the fact that the natural frequencies of the beam 
structures were factored in when calculating the velocities, the 
values resulted in being different from each other.  

The L1 beam showed the best result of having the lowest 
deflection values among the beam structures thanks to its 
symmetric, cubic centered structure. L2 and L3 beams were 
more asymmetric and had more deflection. L4 showed the 
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worst results for being the most asymmetric structure among 
the beam structure and being a more face centered model. 

IV. CONCLUSION 

In this study, lattice inspired cell models were generated and 
by using those cell models, four different beam structures were 
constructed in ANSYS software. Then transient dynamic 
analyses were conducted. In these analyses, moving loads 
having magnitude of 50 times of their total weight were 
applied on nodes by assuming the amplitudes were constant at 
different velocities in direction of x-axis. Then, the deflections 
of the beam structures were computed. 

 The results can be summarized here; the moving load 
velocities led to decrease in deflections and that the maximum 
deflections of beam structures were different for each other 
and the lowest value belonging to L1-beam structures. 

As a future study, confirming the results with actual 
experimental results is suggested.  
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Abstract  Design of structures that are inspired by the Nature 
is gaining attention in the latest year and many studies on the 
lattices of the materials are being conducted. And for designing, 
beams and truss structures are widely used elements. Thus, when 
designing new structures, getting inspired by those lattices and 
making use of those beams and trusses might prove to be 
advantageous. Maintaining the estimated lifetime of the 
structures is also an essential factor. So, it is essential to 
determine the characteristics of the structures such as the 
deflection, stresses and more. When determining those structures, 
finite element analysis can be used effectively. In this study, the 
lattice inspired models were constructed. Inverted L-frames, 
inverted U-frames and 3D frames were designed by using those 
models. Then to analyze those structures, finite elements method 
was used. The frames were subjected to four different input 
forces which were generated by using their total weight 
multiplied by 10, 20, 50, 100 coefficients. The results 
demonstrated that these designed structures can be used in many 
areas such as aviation, space, construction. Also, those structures 
can be used as the core part of the sandwich composites. 

Keywords  Metals, Lattices, Finite element method, Dynamic 
analysis, Inspired 

I. INTRODUCTION 

ith constant advancements in technology, new ways are 
being tested on designing new structures. Thanks to the 

intriguing engineering systems in nature that researchers have 
encountered while working on their studies, new structures that 
are inspired by nature are being designed in the recent years. 
Lattice-inspired and bio-inspired structures are getting popular 
nowadays and are likely to be applicable in many areas such as 
construction, aviation, marine, space, and more. 

Many studies related to lattices are being carried out. Usage 
and manufacturing of lattice structures have grown thanks to 
their lightweight and mechanical efficiency ratio. Lattices that 
are produced using additive manufacturing are composed of 
beams [1,2]. In their work, Yan et al. investigated the 
manufacturability and performance of advanced and 
lightweight stainless steel cellular lattice structures fabricated 
via selective laser melting [3]. Mahshid et al. investigated the 
effect of cellular lattice structures on the strength of 
workpieces additively manufactured. Authors conducted 
studies both numerically and experimentally. Numerical 
studies were performed using DEFORM-3D simulation system 
based on the finite element method [4]. Lee and McClure 
developed a numerical model for simulating behaviour of  

 
lattice steel tower structures. They presented static large 
deformation analysis of a lattice steel tower structure using 
finite element analysis and compared the numerical results 
with full-scale test. 2-node three-dimensional beam elements 
proposed in their previous work was used in the static finite 
element analysis [5]. Guo et al. proposed 3D periodic 
multilayer lattice materials such as the square, the quadrate, 
the tetrahedron and the hexagon in order to supply load-
carrying necessities of a composite material. Authors obtained 
static structural simulation results using BEAM189 element in 
ANSYS, the static mechanical properties of the four multilayer 
lattice materials were analysed [6]. Sun et al. designed a 
regular hexahedral unit, produced the lattice structure 
composed of the Ti 6Al 4V units. After that, they obtained 
the experimental fracture load and the compression 
deformation of them through compression tests, then 
conducted a simulation of the unit and the lattice structure 
through ANSYS (static) to analyse the failure point [7]. 
Stankovic et al. developed a generalized optimality criteria 
method for the optimization of discrete, multimaterial, 
additively manufactured mesoscale lattice structures for 
maximum performance in a constrained volume. The 
generalized optimality criteria method for multimaterial 
optimization of discrete lattice structure designs was 
implemented in MATLAB with a linear elastic finite element 
method (FEM) module for design response analysis [8]. 
Messner et al. presented a dynamic equivalent continuum 
model for periodic truss structures suitable for representing 
long-wavelength wave propagation and verifies it against the 
full Bloch wave theory and detailed finite element simulations. 
The FE simulations were run with ALE3D, an arbitrary 
Lagrangian Eulerian finite element code developed at 
Lawrence Livermore National Laboratory [9]. Messner 
developed a method for optimizing the mesostructure of 
lattice-structured materials. These materials are periodic arrays 
of slender members resembling efficient, lightweight 
macroscale structures like bridges and frame buildings [10]. 
Syam et al. examined the use of additively manufactured strut-
based lattice structures to improve the mechanical vibration 
isolation properties of a structure. Finite element modelling 
had been used to determine the theoretical static and dynamic 
mechanical properties of both the single cell and the array 
configuration of the lattice structures [11]. 
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Beams and truss structures are common elements in 
constructing buildings, frame, etc. They are frequently used in 
the engineering systems [12,13,14,15]. And for analyzing 
engineering systems, the Finite Element Method (FEM) is a 
widely used method [15,16,17,18,19,20]. In this method, 
structures are meshed out and mathematical models which 
involve differential equations [21] that have huge degrees of 
freedom are calculated. In the past, equation solving was a 
difficult task but now that computers are capable enough to 
process high amount of data in short time, finite element 
method can be used as the primary solving method [15]. 
In this study the structures that are inspired by the lattices of 
materials were designed and analyzed dynamically. For these 
kinds of structures, suitable designs are important to retain 
their estimated working life. Hence, it is a must to determine 
the characteristics of those structures i.e. the deflections, 
stresses and more. And, the finite element is a capable method 
to determine those characteristics [15]. So, ANSYS finite 
element software which featured beam finite elements that are 
based on the Timoshenko beam theory was used to analyze the 
structures. 

II. FINITE ELEMENT MODELING 

There are many materials on the world and four of them 
were considered. Their lattice structures were inspired by to 
design the cell models. Those materials are Cu, TiO2, FeS, 
ZnSe and their lattice structures are given in fig. 1. 

 

 

Figure 1: Lattices of the materials: (a) Cu [22], (b) TiO2 [23], (c) 
FeS [24], (d) ZnSe [25]. 

SolidWORKS was used to design the lattice inspired cells 
and a lattice database was created in IGES format. A labeling 
style in which the models were named as Li where L is 
abbreviation of lattices and i represents the number of the 
lattices that stored in the database. Those cell models (line 
models) are given in Fig. 2 and their dimensions are given in 
Fig. 3.  

 

Figure 2: Line models of lattices; (a)Cu, (b) TiO2, (c) FeS, (d) 
ZnSe. 

 

 
Figure 3: Dimensions of lattices and section. 

 
ANSYS is a world-known finite element solving software 

and thus was preferred in this study. The IGES files that held 
the cell models were imported into ANSYS. Finite element 
models of inverted-L, inverted-U frames and 3D frames were 
constructed by using the cell models. As an example, the 
inverted L-frames that are composed of L1, L2, L3 and L4 are 
given in Fig. 4. 

 

 

(a) L1, (b) L2, (c) L3, (d) L4 

Figure 4: L-frames  

 The finite element models of frames were generated by 
using only one of the lattice models every time and in whole 
12 frames were generated. For the inverted L frames, three 
models in the direction of the y-axis and two models in the 
direction of x-axis were used. For the inverted L frames, 4 cell 
models in the direction of the y-axis and 3 cell models in the 
direction of x-axis were used. For the inverted U frames, 5 cell 
models in the direction of the y-axis for the both of the 
columns were used and 3 cell models were placed in the 
direction of x-axis to connect them. And in order construct 3D 
frames, 8 cell models in the direction of the y-axis were used 
for the columns and 5 and 6 cell models in both of the z-axis 
and x-axis, respectively, to connect those columns together. 

BEAM44 elements were used in ANSYS models. BEAM44 
is a uniaxial element with tension, compression, torsion, and 
bending capabilities [26]. 

The material properties of lattices were defined by pm = [E, 
 ] where E is modulus of elasticity (GPa),  is density 

(kg/m3),   is material damping ratio. 
pm = [113.8, 4430, 0.342, 0.0001] for TI-6AI-4V material and 
designing was constructed as linear elastic isotropic model in 
this study. 

With the intention of accomplishing the finite element 
models of these frame structures successfully, the modeling 
macro files were created as a first step. Then, the solution 
macro files which are for generating the natural frequencies of 
the frame structures were created. In the model macro files, 
lines were allocated for beams. Afterwards, material properties 
and section were defined for the beams. Cell dimensions were 

b (µm) 1250 

h (µm) 2500 

t  (µm) 1000 

s  (µm) 50 
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1250x2500x1000  and assigned section dimensions were 
50x50  as shown in Fig.3. Thus, all lines were meshed out 
by in according to these sections and material properties. The 
structures were fixed at points which can be seen over in Fig. 
5. Lastly, transient dynamic analyses were performed and 
pulse (impact), step and trapezoidal responses of these frame 
structures were obtained by using the solution macro files.  

III. DYNAMIC ANALYSIS RESULTS 

 
In these analyses, forces were implemented as inputs that 

are pulse (impact), step and trapezoid forces (see Fig. 5) in the 
direction of z-axis on 
Fig. 6 and from this point the deflection outputs were obtained 
in the direction of z-axis as well. 
 

 
 

Figure 5: Implemented forces; (a) Pulse, (b) Step, (c) Trapezoidal. 

Each frame was subjected to four kinds of input forces 
which were generated by multiplying their total weight with 
kf= [10, 20, 50,100] coefficients, respectively. 

Total weights of the frames are given in the format of Wi 
where W means weight and i represents the number of the 
frames. 

The magnitude of forces (Fi) was calculated by using Eq.1., 

                                   (1) 

t is time step of the simulation and ts is simulation time. t 
was calculated by using Eq.2.,  

                                  (2) 

where fn is natural frequency of the frames at direction of 
excitation.    

In the Fig. 5c, ta, tm, and td are acceleration, motion and 
deceleration time of force inputs correspondingly. 
 

 

Figure 6: Positions of the E points on the frames. 

For the inverted L-frames, the E point was on the top-
middle point on the face that positioned on the free end and 

oriented towards x-axis. For the inverted U-frames the E point 
was on the top-middle point on the face that positioned on the 
horizontal beam and oriented towards z-axis except for L1-U-
frames where the E point in the volume center of the middle 
cell lattice model. For the inverted 3D-frames the E point was 
on the top-middle point on the face that positioned on the rear 
horizontal beam and oriented towards z-axis except for L1-3D-
frames where the E point in the volume center of the middle 
cell lattice model. 

Results of Inverted L-Frames 

Their weights are given as Wi = [20.54, 20.40, 21,06, 
21.13] N. Pulse, step and trapezoidal responses of the frames 
are given in the figs. 

 
Figure 7: L1 pulse response. 

 

It can be deduced from the Fig. 7 that deflections are 56.06, 
112.1, 280.3 and 560.6 
forces. The maximum deflection of L1-frame was exhibited at 
the force that is exact 100 times of its weight.  

 
Figure 8: L2 pulse response. 

 

It can be inferred from the Fig. 8 that deflections are 56.83, 
113.7, 284.1 and 568.3  correspondingly to the applied 
forces. The maximum deflection of L2-frame was exhibited at 
the force that is exact 100 times of its weight.  

878 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 
Figure 9: L3 pulse response. 

 

It can be shown from the Fig. 9 that deflections are 44.7, 
89.4, 223.5 and 447.0 
forces. The maximum deflection of L3-frame was exhibited at 
the force that is exact 100 times of its weight. 

  

 
Figure 10: L4 pulse response. 

 
It can be shown from the Fig. 10 that deflections are 44.7, 

89.4, 223.5 and 447.0 
forces. The maximum deflection of L4-frame was exhibited at 
the force that is exact 100 times of its weight.  

 
Figure 11: L1 step response. 

 
It can be seen from the Fig. 11 that deflections are 365.3, 

730.5, 1826.0 and 3653.0 
forces. The maximum deflection of L1-frame was revealed at 
the force that is exact 100 times of its weight.  

 

 
Figure 12: L2 step response. 

 
It can be seen from the Fig. 12 that deflections are 370.3, 

740.6, 1852.0 and 3703.0 
forces. The maximum deflection of L2-frame was shown at the 
force that is exact 100 times of its weight.  

 
Figure 13: L3 step response. 

 
It can be observed from the Fig. 13 that deflections are 

291.9, 583.7, 1459.0 and 2919.0 
applied forces. The maximum deflection of L3-frame was 
shown at the force that is exact 100 times of its weight.  

 
Figure 14: L4 step response. 

 
It can be observed from the Fig. 14 that deflections are 

217.9, 435.8, 1090.0 and 2179.0 
applied forces. The maximum deflection of L4-frame was 
shown at the force that is exact 100 times of its weight. 
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Figure 15: Comparison the step responses of lattices. 

 

In the Fig. 15, the step responses at the force that is exact 20 
times of their weight. The zoomed view of maximum 
deflection of the structures is shown in Fig. 16. According to 
Fig. 16, it is clear that the robust structure is L4-frame due to 
the fact that it has the minimum amplitude under the excited 
force. 

 

 
Figure 16: Zoomed vie of comparison the step responses of 

lattices. 
 

The trapezoidal inputs were conducted as another excitation 
type for the structures. The responses were obtained by 
applying forces that are exact 20 times of their weight. As one 
can see in Fig. 17, L4-frame was the most robust structure, and 
the results show same trend as the other responses as well. 

 

 
Figure 17: Comparison the trapezoidal responses of lattices. 

 
Results of Inverted U-Frames 

Their weights are given as Wi = [38.21, 37.53, 38.76, 
38.90] N. The pulse, step and trapezoidal inputs were 

conducted as excitation force type for the structures. 
Comparison of pulse, comparison of step and comparison of 
trapezoidal responses of the frames are given in the Fig. 18, 
Fig. 19 and Fig 20, respectively. 

 
Figure 18: Comparison the pulse responses of lattices. 

 

 
Figure 19: Comparison the step responses of lattices. 

 

 
Figure 20: Comparison the trapezoidal responses of lattices. 

 
The responses were attained by applying forces that are 

exact 20 times of their weight. As one can see in Fig. 18, Fig. 
19 and Fig. 20, L1-frame was the most robust structure and the 
results show same tendency as the other responses as well. 

 
Results of 3D-Frames 

Their weights are given as Wi = [180.57, 175.89, 181.73, 
182.41] N. The pulse, step and trapezoidal inputs were 
performed as excitation force type for the structures. 
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Comparison of pulse, comparison of step and comparison of 
trapezoidal responses of the frames are given in the Fig. 21, 
Fig. 22 and Fig 23, respectively. 

 
Figure 21: Comparison the pulse responses of lattices. 

 

 

Figure 22: Comparison the step responses of lattices. 

 
Figure 23: Comparison the trapezoidal responses of lattices. 

 
The responses were computed by applying forces that are 

exact 20 times of their weight. As seen in Fig. 21, Fig. 22 and 
Fig. 23, L1-frame was the most robust structure and the results 
show same tendency as the other responses as well. 

IV. CONCLUSION 

In this work, lattice inspired cell models were generated and 
by using those cell models, three different structures such as 
inverted L-frames, inverted U-frames and 3D-frames were 
constructed in ANSYS software. The frames were subjected to 

four different input forces which were their total weight 
multiplied by 10, 20, 50 and 100 coefficients.  

The analysis results showed that the frames can withstand to 
the forces that can be much greater than their own weight. 

 Still, it is recommended to confirm the results with actual 
experimental data. As a future study, manufacturing of the 
designed structures and conducting experimental studies are 
planned. 
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Abstract  Nature is an excellent engineer and it is reasonable 
get inspired by it when developing engineering designs. In the 
recent years, lattice and bio inspired structures have been a hot 
topic among researchers. In the engineering systems, beams and 
truss structures widely used for constructing buildings, machine 
frames, offshore structures and more. From this point of view, in 
this study the cell models which are inspired by the lattices of 
metals were designed. It is a known fact that designs being 
suitable are a necessary step in preserving the lifetime of 
structures. Thus, it is crucial to determine characteristics of 
structures such as the deflection, stresses, etc. And, to determine 
those structural characteristics, the finite element analysis was 
considered. Beam finite element modeling was used on the 
structures which were built by using those lattice inspired cell 
models. Afterwards simulation of modal analysis was conducted 
on the structures that are inverted L-frames and inverted U-
frames and 3D-frames s been demonstrated that these designed 
structures are suitable for space structures, buildings, machine 
frames and furthermore as the core part of the sandwich 
composites.  
 

Keywords - Metals, Lattices, Finite element method, Modal 
analysis, Inspired 

I. INTRODUCTION 

 ature has many wonders and being a prodigious engineer 
is just one of them. There are many instances where it 
shows its beautiful talents that make humans wanting to 

mimic them. Thus, in the recent years there have been many 
studies being inspired by nature. Designs that inspired by 
lattices of materials as well as bio-inspired structures and bio-
mimic materials have gained popularity and many studies are 
being carried out regarding them in many areas such as 
engineering, construction, biology, marine, aviation, space etc. 

Many studies related to lattices are being carried out. Usage 
and manufacturing of lattice structures have grown thanks to 
their lightweight and mechanical efficiency ratio. Lattices that 
are produced using additive manufacturing are composed of 
beams [1,2]. Yan et al. investigated the manufacturability and 
performance of advanced and lightweight stainless steel 
cellular lattice structures fabricated via selective laser melting 
[3]. Mahshid et al. investigated the effect of cellular lattice 
structures on the strength of workpieces additively 
manufactured. Authors conducted studies both numerically and 
experimentally. Numerical studies were performed using 

DEFORM-3D simulation system based on the finite element 
method [4]. Lee and McClure developed a numerical model  
 
for simulating behaviour of lattice steel tower structures. They 
presented static large deformation analysis of a lattice steel 
tower structure using finite element analysis and compared the 
numerical results with full-scale test. 2-node three-dimensional 
beam elements proposed in their previous work was used in 
the static finite element analysis [5]. Guo et al. proposed 3D 
periodic multilayer lattice materials such as the square, the 
quadrate, the tetrahedron and the hexagon in order to supply 
load-carrying necessities of a composite material. Authors 
obtained static structural simulation results using BEAM189 
element in ANSYS, the static mechanical properties of the four 
multilayer lattice materials were analysed [6]. Sun et al. 
designed a regular hexahedral unit, produced the lattice 
structure composed of the Ti 6Al 4V units. After that, they 
obtained the experimental fracture load and the compression 
deformation of them through compression tests, then 
conducted a simulation of the unit and the lattice structure 
through ANSYS (static) to analyse the failure point [7]. 
Stankovic et al. developed a generalized optimality criteria 
method for the optimization of discrete, multimaterial, 
additively manufactured mesoscale lattice structures for 
maximum performance in a constrained volume. The 
generalized optimality criteria method for multimaterial 
optimization of discrete lattice structure designs was 
implemented in MATLAB with a linear elastic finite element 
method (FEM) module for design response analysis [8]. 
Messner et al. presented a dynamic equivalent continuum 
model for periodic truss structures suitable for representing 
long-wavelength wave propagation and verifies it against the 
full Bloch wave theory and detailed finite element simulations. 
The FE simulations were run with ALE3D, an arbitrary 
Lagrangian Eulerian finite element code developed at 
Lawrence Livermore National Laboratory [9]. Messner 
developed a method for optimizing the mesostructure of 
lattice-structured materials. These materials are periodic arrays 
of slender members resembling efficient, lightweight 
macroscale structures like bridges and frame buildings [11]. 
Syam et al. [10] examined the use of additively manufactured 
strut-based lattice structures to improve the mechanical 
vibration isolation properties of a structure. Finite element 
modelling had been used to determine the theoretical static and 
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dynamic mechanical properties of both the single cell and the 
array configuration of the lattice structures. 

In the engineering systems, beams and truss structures are 
widely used as tension structures for constructing buildings, 
machine frames, offshore structures and more [12,13,14,15]. 
Many studies related to engineering structures such as 
buildings, space structures which are constructed with beams 
and trusses are conducted by using the Finite Element Method 
(FEM) [15,16,17,18,19,20]. This method involves meshing of 
structures and setting up mathematical models composed of 
differential equations [21] having huge degrees of freedom. 
Before the computer systems are common, solving these 
equations was a difficult and time-consuming task. Even then, 
researchers would use what was available to them to solve 
those structural problems. For example, Matlock and Grubbs 
conducted a study in 1967 that was about solving structural 
frames by using a proposed static FEM in which orthogonal 
frame member groups were composed of bars and springs 
[12]. technological 
advancements in computers, finite element methods for 
structural analysis have been developed enough to replace the 
classical solving methods [15]. 

In this study the structures which are inspired by the lattices 
of materials were designed. Appropriate designs are required 
to sustain the estimated life-cycle of these kinds of structures. 
Therefore, it is vital to determine the features of the structures 
such as natural frequencies and mode shapes and more. To 
determine the aforementioned structural characteristics, the 
finite element is a pretty suitable method that can be used by 
utilizing computers [15]. Thus, by using ANSYS commercial 
finite element program, beam finite elements based on 
Timoshenko beam theory was used in the present study for 
modeling of the structures. 

II. FINITE ELEMENT MODELING OF THE STRUCTURES 

For the modeling of structures, four kinds of lattices of 
materials were considered. The lattice cell models were 
inspired by the lattice structures of the following materials; Cu, 
TiO2, FeS, ZnSe and those lattice structures are given in Fig. 
1.  

 

 

Figure 1: Lattices of the materials: (a) Cu [22], (b) TiO2 [23], (c) 
FeS [24], (d) ZnSe [25]. 

The lattice inspired structures were designed in 
SolidWORKS and then saved in IGES format for a broader 
working environment. A cell model database was created in 
IGES format. The cell models were labeled as Li where L is 

abbreviation of Lattice and i represents the cell model number 
of the lattices that are kept in the database. Those cell models 
(line models) are given in Fig. 2 and their dimensions are 
given in Fig. 3.  

  

Figure 2: Line models of lattices: (a)Cu, (b) TiO2, (c) FeS, (d) 
ZnSe. 

 

 

 

 

Figure 3: Dimensions of lattices and section. 

ANSYS was used as the finite element program. The IGES 
files were imported into ANSYS from the database. Finite 
element models of inverted-L, inverted-U frames and 3D 
frames were constructed by using the cell models. As an 
example, the inverted L-frames that are composed of L1, L2,  L3 

and L4 are given in Fig. 4. 

 

Figure 4: L-frames : (a) L1, (b) L2, (c) L3, (d) L4 

 The finite element models of frames were generated by 
using only one of the lattice models in every occasion and thus 
12 frames were generated. For the inverted L frames, 4 cell 
models in the direction of the y-axis and 3 cell models in the 
direction of x-axis were used. For the inverted U frames, 5 cell 
models in the direction of the y-axis for the both of the 
columns were used and 3 cell models were placed in the 
direction of x-axis to connect them. And in order construct 3D 
frames, 8 cell models in the direction of the y-axis were used 
for the columns and 5 and 6 cell models in both of the z-axis 
and x-axis, respectively, to connect those columns together. 

BEAM44 elements were used in ANSYS models. BEAM44 
is a uniaxial element with tension, compression, torsion, and 
bending capabilities [26]. 

b (µm) 1250 

h (µm) 2500 

t  (µm) 1000 

s  (µm) 50 
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The material properties of lattices were defined by    pm = 
] where E is the modulus of elasticity (GPa),  is the 

density (kg/m3) and  . pm = [113.8, 
4430,0.342] for TI-6AI-4V material and designing was 
constructed as linear elastic isotropic model in this study. 

In order to establish the finite element models of these 
frame structures, firstly the modeling macro files were 
prepared. Secondly the solution macro files for computing 
natural frequencies of those frame structures were created. In 
the model macro files, lines were allocated for beams. Then, 
material properties and section were defined for the beams. 
Cell dimensions were 1250x2500x1000  and assigned 
section dimensions were 50x50  as shown in Fig.3. So, all 
lines were meshed by assigning these sections and material 
properties. The structures were fixated at points which are 
indicated in Fig. 5, Fig. 6 and Fig 7. Finally, modal analyses 
were performed and natural frequencies of these frame 
structures obtained by using the solution macro files.  

III. MODAL ANALYSIS RESULTS 

The modal analysis results of inverted L-Frame, inverted U-
Frame and 3D-Frame structures are given in Fig. 5 Fig. 6 and 
Fig. 7, respectively. fty, fbx, fbz are natural frequencies 
corresponding to the mode shapes where the frames mainly 
make torsional vibration about the y-axis, bending vibration 
about the x-axis, and again bending vibration about the z-axis, 
respectively. 

 

Figure 5: Inverted L-Frames and their natural frequencies. 

Simulation results in Fig. 5 show that torsional modes 
(regarding y-axis) have natural frequencies of 268.18, 269.08, 
303.16 and 342.11 Hz for the inverted L-frames, going from 
L1 to L4, respectively. Also, as observed in the Fig. 5 the 
highest torsional frequency occurred in the structure which 
was constructed using L4 cell models. The results show that the 
design of L4 cell had significantly affected the torsional modes.  

 

Figure 6: Inverted U-Frames and their natural frequencies. 

Simulation results that are given in Fig. 6 show that bending 
modes (regarding x-axis) have natural frequencies of 3699.09, 
3268.59, 1742.30 and 1716.25 Hz for the inverted U-frames, 
going from L1 to L4, respectively. As seen in the Fig. 6, 

bending frequency was the highest in the structure which was 
constructed using L1 cell models. The results show that the 
design of L1 cell had significantly affected the bending modes. 

 

 

Figure 7: 3D-Frames and their natural frequencies. 

Simulation results that are given in Fig. 7 show that bending 
modes (regarding x-axis) have natural frequencies of 929.00, 
884.16, 666.84 and 627.31 Hz for the inverted U-frames, 
going from L1 to L4, respectively. As noticed in the Fig. 7, 
bending frequency was the highest in the structure which was 
constructed by L1 cell models. The results show that the design 
of L1 cell had significantly affected the bending modes. 

The mode shapes of inverted L-Frame that was composed of 
L1 cell models are depicted in Fig. 8. The first mode (Fig. 8a) 
is torsional vibration about y-axis at 268.18 Hz. The second 
(Fig. 8b) mode is bending vibration about z-axis at 1643.82 
Hz. Fig. 8c is couple mode about both y-axis and x-axis at 
6723.88 Hz. In the Fig. 8, deformed shapes are represented 
with blue lines and undeformed shapes are represented with 
black lines. 

 
 

Figure 8: Mode shapes of L1-Frame. 

The mode shapes of inverted U-Frame that was composed 
of L2 lattice cells are shown in Fig. 9. The first mode (Fig. 9a) 
is bending vibration about z-axis at 2534.05 Hz. The second 
(Fig. 9b) mode is bending vibration about x-axis at 3268.59 
Hz. Fig. 8c is torsional mode about y-axis at 4068.16 Hz.  

 

 

Figure 9: Mode shapes of U-Frame. 

In the mode shapes of 3D-Frame comprised of L4 lattice 
cells, the first mode was observed as bending mode about x-
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axis at 627.31 Hz. The second mode was observed as bending 
mode about z-axis at 809.86 Hz. The third mode was observed 
as bending mode about y-axis at 816.44 Hz. 

IV. CONCLUSION 

In this work the models which are inspired by the lattices of 
materials were designed and by using those cell models, three 
different structures such as inverted L-frames, inverted U-
frames and 3D-frames were constructed in ANSYS software. 
The natural frequencies and mode shapes were computed. In 
order to compute these features ANSYS model macro files and 
solution macro files were generated. Then the results of the 
structures were obtained. 

The results showed that the proposed modeling approach 
exhibited admissible vibration characteristics such as natural 
frequencies and mode shapes.  

Still, it is recommended to confirm the results with actual 
experimental data. As a future study, manufacturing of the 
designed structures and conducting experimental studies are 
planned. 
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Abstract - Thermal management is necessary for electronic 
devices for their reliability and performance. Heat sinks are one 
of the electronic equipment cooling devices used in thermal 
management. Two types of heat sinks as pin-fin heat sinks and 
plate-fin heat sinks are commonly used in thermal management. 
The heat sinks have different pin types have advantages over each 
other. The plate-pin-fin heat sink can be used to increase cooling 
performance. In this study, The computational fluid dynamics 
program as Fluent software is employed for comparison of 
different types of heat sinks as plate-pin-fin, pin-fin and plate-fin 
under forced convection. The modelled heat sink geometries have 
the same surface area for reliability of comparison. The width of 
plate-fins is 4.06 mm. The radius of pin fins is 2.03 mm. The heat 
flux 5000 W/mm2 is defined on 100 mm x 100 mm base plate of 
fins. The results as flow velocities, vectors and temperature 
distributions are obtained. The heat sinks maximum temperature 
is under 65oC. The cooling performance of only pin fin heat sink 
can be accepted better than plate-pin-fin and plate fin heat sinks 
under forced convection. 
 

Keywords - Computational Fluid Dynamic, electronic 
equipment cooling, forced convection, Fluent, plate-pin-fin heat 
sink. 
 

I. INTRODUCTION 

In engineering applications channel flow often occurs. It is 
used in many places where there are fluid movements such as 
cooling of electronic devices, heat exchangers, heating and 
cooling of buildings. For this reason, the channel flow has 
attracted many researchers. One of the methods intensively 
used to increase heat transfer in today's technology is extended 
heat transfer surfaces. Finned surfaces enhance convection 
heat and mass transfer by increasing surface area and 
turbulence of the flow. 

The finned structure used in thermal management is called 
heat sink in electronic equipment cooling applications. 
Commonly, pin-fin heat sinks and plate-fin heat sink 
geometries are used for cooling. Depending on the area of use, 
the pin types have superiority to each other. However, Plate-
pin-fin heat sink, it is possible to design a suitable geometry 
can be combined. Before manufacturing the performance of 
this type of heat sink must be compare with only plate fin heat 
sink and only plate fin heat sink. There are many studies about 
heat sinks cooling performances. 

 
Yang et al. made numerical analysis to investigate planted 

pin fins for heat transfer enhancement in plate fin heat sink. 
Finite difference method is used with adopting a control 
volume. The result as plate-circular pin fin heat sink has better 
cooling performance than the plate fin heat sink [1]. 

Tsai et al. used CFD software Fluent for numerical 
simulation to investigate thermal and hydraulic performance of 
a plate-fin heat sink. They make some variations in plate shield 
of finned geometries [2]. 

Chen et al. perform a numerical and experimental study to 
investigate heat transfer characteristics in plate-fin heat sink. k- 
 turbulence model is used in numerical simulations [3]. 

Jonsson et al. model many kinds of heat sinks have variable 
geometrical structures and fin types at different domain sizes 
to obtain thermal and hydraulic performances of heat sinks [4]. 

Park et al. make optimization for high performance of a pin 
fin heat sink numerically. Finite volume method is used to 
obtain optimum design values. [5]. 

Wang et al. study on a comparison of thermal performance 
of in-line pin-fins. Reynolds-averaged Navier-Stokes equations 
are employed for solution. The results are compared with 
experimental data. [6]. 

Zhou and Cotton study on investigation of hydraulic and 
thermal performance of plate-pin fin heat sinks have different 
pin geometries numerically [7]. 

Yu et al. employee numerical simulations for comparison of 
thermal performances of plate-pin fin heat sinks and plate fin 
heat sinks. Plate-pin fin heat sinks decrease thermal resistance 
and reach better air cooling results [8]. 

Feng et al. investigate forced convection in plate-pin fin 
heat sinks numerically. Experiments are performed for 
validation of numerical model [9].  

In this study, the computational fluid dynamics program as 
Fluent software is employed for comparison of different types 
of heat sinks as plate-pin-fin, pin-fin and plate-fin under forced 
convection. The modelled heat sink geometries have the same 
surface area for reliability of comparison. 
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II. MATERIAL AND METHOD 

A. Governing Equations 

Numerical simulation is made with RANS based Fluent 
software. The equations used from solver while iterations are 
show below [10, 11]. 

Continuity Equation: 

 
(1) 

 
Momentum Equation: 

 
(2) 

 
Energy Equation: 

 
(3) 

 
Transport Equation for k: 

 
(4) 

 
Transport Equation for : 

 

 

(5) 

B. Simulation 

Fluent software is used for modelling and simulation in this 
study. The simulation steps are respectively 'Geometry' module 
is used for creation of geometries. Surfaces of heat sinks and 

e is used for 
diving geometries to finite volumes. Mesh is made with sizing 

conditions in steady-state simulation. Solver is is used for 
chosen and iterations start in this section. In 'Solution' module 
solution is converged and complete, at last results of 
simulation are obtained from 'Results' module.  

Some assumptions are made in the model solution. Flow of 
fluid for cooling is solved in 3D domain. Gravitational 
acceleration is -9.81m / s2. The solver option is set to (time 
independent) Steady-State. Turbulence model is chosen as k- . 

C. Geometry 

In this study, heat sinks are modelled at different 
geometrical structures in cases. The surface area of heat sinks 
are modelled the same for cases. Only plate fin, only pin fin 
and two plate-pin fin heat sinks have different number of pins 
and plates as fins are modelled. The cases are used for 
comparison of cooling performances of heat sinks. Heat sinks 
are placed horizontal to base of the domain. Geometrical 
parameters of heat sink is shown in Figure 1.  

 
Fig. 1  Geometrical parameters of heat sink. 

 
L is the length of plate, H is the height of fins which is 

30.94 mm, Wp is the width of plate fins. Ww is the distance 
between plate and pin fins which is 7.93 mm. It is assumed 
that Wp = D (Diameter of pin fin) and H is equal for all cases. 
The idea behind the assumption of pin diameter equal to plate 
width is displace pins as fins on the same line with a plate as 
fin have the same lateral surface area, so pins in geometries are 
in-line. The number of fins in one line is calculated from the 
Equation 6: 

 

 

(6) 
 

 
Wp = D = 4.06 mm and L = 98 mm for all cases, from 

Equation 6, n=16. 
The solution domain includes the heat sink and air around 

heat sink. The domain size is 350 mm x 350 mm x 900 mm.  
The base surface different from heat sink base plate surface is 
assumed symmetry. The base surface of heat sink is heat flux 
wall. Heat flux value is 5000 W/m2. The velocity at inlet is 
3m/s. Figure 2 shows the geometrical parameters of solution 
domain. 

Fig. 2 Geometrical parameters of solution domain. 
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D. Cases 

Heat sink modelled in Case 1 has only have pin fins, Case 2 
and Case 3 have plate-pin fins. Case 4 has only pin fins. 
Geometrical structures of heat sinks in cases are shown in 
Figure 3. 

 

 
Case 1 

 
Case 2 

 
Case 3 

 
Case 4 

Fig. 3 Geometrical structures of heat sinks in cases. 

 

 

 

 

E. Mesh Structure 

 The smaller the mesh structure, the more time the computer 
needs. The larger the mesh structure, the worse the sensitivity 
of the desired point. Mesh structures of heat sinks in cases are 
shown in Figure 4. 

 

 
Case 1 

 
Case 2 

 
Case 3 

 
Case 4 

Fig. 4 Mesh structures of heat sinks in cases. 
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Fig. 5 Mesh structures of domain in case 4 represent all cases. 

TABLE I 
 MESH STATISTICS OF CASES 

Case Nodes Elements Mesh Skewness 

   Min Max Average 

1 5035050 4938521 2.36e-

6 

0.877 5.98e-2 

2 4860650 4710414 2.45e-

8 

0.874 4.70e-2 

3 4451760 4359487 1.03e-

6 

0.763 9.82e-2 

4 3333000 3251538 1.0e-

10 

0.524 1.49e-2 

 
The mesh structure of solution domain of case 4 is shown in 

Figure 5. This structure shows differences in all cases because 
of differences in heat sinks but due to similarity the figure can 
represent all cases. Table 1 shows the mesh statistic of cases. 
The mesh structure must be divided into the best range. The 
mesh quality is acceptable for solution below the mesh 
skewness value of 0.23 [11]. 

 

F. Solver 

Boundary conditions of the solution domain are: The 
surface of heat sink base plate is wall have 5000W/mm2 heat 
flux. The surface around heated wall is symmetry. There is one 
inlet and one outflow as shown in Figure 2. All other side 
walls of solution domain are chosen as wall at 300 K. Solution 
is made as Steady-State. Gravitational acceleration is inserted 
as 9.81m/s2. k-  turbulence model is chosen for solution with 
Pressure Implicit Splitting Operator (PISO) algorithm. 
Material of heat sink is aluminium. The fluid around heat sink 
is air. Initial properties of air and aluminium. The properties of 
materials used in simulation are shown in Table 2. 

TABLE 2.  
PROPERTIES OF AIR AND ALUMINUM 

 Air Aluminum 

Density (kg/m3) 1.225 2719 

Specific Heat (J/kgK) 1006.43 871 

Thermal Conductivity (W/mK) 0.0242 202.4 

Viscosity (kg/ms) 1.7894e-5  

III. RESULTS 

 
Temperatures of heat sink surfaces between 318 K to 338 

K. in cases. The lowest temperatures are seen in Case 1 with 
only pin fin heat sink, the heights temperatures are seen in 
Case 4 with only plate fin heat sink. Temperatures in Case 2 is 
lower than in Case 3 with plate-pin fin heat sinks. Figure 6 
shows Temperature contours of the heat sink surface areas in 
cases. 

 

 
Case 1 

 
Case 2 

 
Case 3 

 
Case 4 

Fig. 6 Temperature contours of the heat sink surface areas in cases. 
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Figure 7 shows the heat sinks base plate surface temperature 
contours. The comparison of cooling performances can be 
made with the evaluation of temperature values of these 
surfaces which electronic equipment connected on. The air 
velocity flows from left to right in figures. This explains the 
low temperatures at left sides.  

Temperature values are between: 322 K  329 K in Case 1; 
325.5 K - 329.5 K in Case 2; 327.25 K  330.25 K in Case 3; 
335 K  337.5 K in Case 4. These contours show that the best 
uniformity of temperature distribution is in Case 4 but at the 
highest temperature values.  

The heat sink base plate area average temperature versus 
number of pins on heat sink curve is shown in Figure 8. 
Increasing in fin numbers means decrease in area average 
temperature.  

 

 
Case 1 

 
Case 2 

 
Case 3 

 
Case 4 

Fig. 7 Heat sinks base plate surface temperature contours. 

  
 

 
Fig. 8 Heat sinks base plate (heated) area average temperature vs pins no. 

 

Figure 9 shows velocity vectors of cases. Results show that 
all cases have the same velocity of air before heat sinks. Air 
velocity changes after reaching heat sinks. The pins slow down 
air and transfer heat to air more Case 1 to Case 4 respectively. 
Figure 9 verify Figure 7, Increase air velocity means better 
cooling performance in turbulent flow. 

 

 
Case 1 

 
Case 2 

 
Case 3 

 
Case 4 

Fig. 9 Velocity vectors of cases. 
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IV. CONCLUSIONS 

In this paper, initial condition as heat flux of 5000W/m2 
increase the temperature of heat sinks. Temperature of all heat 
sinks modelled in simulation under 65oC which is acceptable 
for electronic equipment. 3 m/s air velocity is enough for 
cooling under forced convection in the channel modelled in 
simulation.  

The expectation is plate-pin fin heat sinks show better 
cooling performance than only pin and plate heat sinks. But 
the best cooling performance can be seen in only pin fin heat 
sink structure. The heat sinks are modelled at the same surface 
area; the volume of heat sinks can cause unexpected results 
occurring.  

Increase in pin number means increase in cooling 
performances of heat sinks. The pins let the air flow between 
them and this situation explains the better cooling 
performance.  

Comparison results show that only plate-fin heat sinks 
cooling performance is better than plate-pin-fin and only plate-
fin heat sinks. As a future work, experimental studies can be 
made for validation of numerical results. 
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Abstract - The consumption of packaging is increasing day by 

day with rapid population growth, improvement of living 
conditions, widespread of shopping centers and supermarkets.  
Nowadays there are so many packaging products which differ 
from each other according to the raw material. The most popular 
types of packaging materials are plastics, paper-carton, metal, 
glass, and wood packaging. Plastic packaging has some 
advantages according to the others. These advantages are briefly 
flexible, not broken easily, lightweight, easily formability, 
essentially chemically inert, strong, rigid safety use, protect the 
product which inside the package etc. Various type of raw 
material is used in plastic packaging industry. The main types of 
raw materials are PET (polyethylene tetra fluoride), PVC 
(polyvinyl chloride) and PP (polypropylene) a PE (polythene). 
The most popular type of raw material is polythene.  The reasons 
for preferring of polythene; provides the high velocity in filling 
machine, the production cost is low and it provides the packaging 
which has suitable for product properties.  

In this study, the effects of changes in blow-up ratio, defined as 
the ratio of the bubble diameter to the die diameter, on the 
mechanical properties of films were investigated. In the scope of 
the study, films with different blowing ratios were manufactured 
and some mechanical properties such as tensile strength and tear 
strength were compared. At the end of the study, the question of 
what the blow-up ratio should be to get the highest mechanical 
properties was answered. 

Keywords - packaging, polythene films, blow-up ratio 

 

I. INTRODUCTION 

n packaging industry different type of material using for 
protection the product. For example; paper, metal, glass, 

wood and plastic. Plastic is the most popular packaging 
material according to the others. The main reason of this, 
plastic package have low unit weight, high strength, easily 
processability and suitable for mass production. 

 
Blown film extrusion is a most attractive polymer 

processing and producing plastic package method. Huge 
amount of polymer, mostly polyethylene, processed using this 
method. Various types of polymers are used in film production 
by this method such as HDPE (high density polyethylene), 
LDPE (high density polyethylene), LLDPE (linear low density 
polyethylene) and some additives like a slip agent, antiblock 
and antistatic. Polymer chemistry and molecular structure 
influenced the final film production. 

HDPE is generally polymerized with a small amount of co-
monomer that leads to a few short chain branches placed 
intentionally along the main chain to make the polymer easier 
to process. A high degree of linearity results in a high 
percentage of crystallinity (i.e., high density). HDPE is 
generally in the density range of 0.93 to 0.96 g/cm3. HDPE 

and has a narrower processing window. It also requires higher 
screw torque, hence more motor power. To promote good 
solids feeding via high barrel/pellet friction, grooved feed 
throats are often used [1]. 

Linear low density polyethylene (LLDPE) is a variation of 
HDPE. It is synthesized similarly, but LLDPE has a much 
higher content of co-monomer, such as hexane or octane. 
Incorporation of co-monomer in the chain yields short chain 
branches of a specified length [1]. 

Low density polyethylene (LDPE) is synthesized in such a 
way that a highly branched polymer is formed. It consists of 
short chain branches (less than six carbon atoms long) and 
long chain branches (almost as long as the length of the 
backbone). Branch points along the chain serve as disruptions 
to the order of the system and prevent local crystallization. 
The lower level of crystallinity results in lower density. LDPE 
is generally in the density range of 0.91 to 0.93 g/cm3[1]. 

 
Figure 1: Schematic model of the structure of polyethylene (molecular weight distribution not included) [2] 
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All polymers extruded with small amount of additives. After 

blowing the film has passed through the nip rollers the film 
surfaces tends to sticky each other. Antiblock additives prevent 
this worse affect. Antistatic agents are designed to minimize 
the buildup of static charges on polymer surfaces. 

Slip agent is quantified via the coefficient of friction (COF). 
If films have a high COF, individual film layers have a high 

surface friction and tend to stick together instead of sliding 
over on
decreased line speeds (lower productivity) and/or wrinkled 
film (higher waste). In order to overcome this issue, slip agents 
are added [3]. 

 
 

Figure 2:  Blown Film Extrusion Process[4] 

 
Blown film extrusion machine has five main sections 

(Figure 2). These are: 
Hopper or Feed System: Feed system has delivered raw 

material toward the screw. Some types of feed system has 
drying system because of drying the moist raw material. Its 
shape like conical for reducing surface friction and 
continuously feeding screw with in raw material [1]. 

Screw system: 
blown film machine. It has 3 primary sections; feed 
compression and metering. Raw material which has come the 
hopper, compressed and heating inside of the screw. Important 
characteristic of screw geometry is the L/D ratio: 

L/D ratio = Screw flighted length _ Screw diameter 
Typical values of L/D ratio range from 18: 1 to 32: 1, with 

24 : 1 being the most common. L/D ratio is based on the 
number of functions that a screw performs. 

Die: 
occur the end of the screw and gives final shape of film.  

Collapsing frame and nip rollers: As the bubble moves 
upward and approaches the nip rollers, it is pre-flattened  by 
the collapsing frame. This device provides a smooth transition 
from a round tube shape to a flattened tube shape. In addition 
to flattening the tube, the collapsing frame also helps eliminate 

wrinkles in the final product [1]. 
Winding unit: Winders are used to collect the wound roll 

packages. A couple of other functions performed by winders 
include automatic roll changeover and static dissipation. 

This device provides a smooth transition from a round tube 
shape to a flattened tube shape. n addition to flattening the 
tube, the collapsing frame also helps eliminate wrinkles in the 
final product.[1] 

II. EXPERIMENTAL STUDIES 

In this study five different types of raw materials was used to 
produce these films.  

Table 1: Raw Material Properties 

 
MATERIALS 

MELT FLOW 
INDEX (gr/ 10 min) 

DENSITY 
 

LDPE 2 0,920 

MDPE 0,2 0,938 

METALOSEN 2 0,918 

METALOSEN 0,5 0,927 

COLOR 2,03 4,0 
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layered films were produced on co-extrusion blown film 

and 2,5 mm die gap. The exturuder temperature profile from 
hopper to the die was set: 
A extruder:  170   
B extruder:   170   
C extruder:   190   
Head of machine temperature is 210  

The forest line height is 170 cm and the film thickness is 
 

  
Table 2: Film Composition 

LAYER A 
LDPE 

METALOSEN 

LAYER B 
MDPE+METALOSEN 

COLORED MASTERBATCH 

LAYER C 
LDPE 

METALOSEN 

 
The films which has four different blow up ratio had 

produced. The blow-up ratio and film width shown in table 3. 
 

Table 3: Film Width And Blow Up Ratio 

  
FILM 

1 
FILM 

2 
FILM 

3 
FILM 

4 

BLOW UP 
RATIO 

1,68 2,27 2,47 3,25 

DDR 22,89 16,94 15,57 11,83 

FILM WIDTH 
(MM) 

835 1125 1225 1610 

 
Blown up ratio is ratio of bubble diameter/ die diameter. It 
represents; 

       (1) 

 
The final thickness reduction in the melt after blowing is 

indicated by a drawdown ratio. 
 

 (2) 

Tensile tests were performed on a testing machine 
(ZWICK/ROELL) per ASTM D882 standard with 
25x100x0,065 samples. Six specimens were tested and their 
average value was reported. 

III. CONCLUSION 

 This four different film which has different blow-up ratio 
were tested and test result is shown in table 4. The tensile 
strength, modulus of elasticity and elongation at break were 
measured in the machine direction (MD) and transverse 
direction (TD). The test specimens and test device shown in 
figure 3. 

 
 
 
 
 
 
 
 

 

 
Figure 3: a) Test Device b) Test Speciments 
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Table 4: Averages of Test Results

TEST RESULTS 

BUR 

MACHINE  
DIRECTION(MD) 

TRANSVERSE 
DIRECTION(TD) 

1,68 2,27 2,47 3,25 1,68 2,27 2,47 3,25 

 442,79 442,64 538,51 475,73 565,83 556,09 673,19 604,52 

YIELD (%) 9,13 8,67 10,26 9,78 10,62 10,27 11,78 10,84 

TENSILE STRENGTH (N) 20,95 20,45 29,11 29,93 14,59 14,88 20,7 19,64 

ELONGATION AT STRESS (%) 464,27 542,46 586,1 533,52 657,14 754,35 811,81 822,34 

BREAKING STRENGTH (N) 20,38 19,65 22 22,17 13 14,27 8,79 14,44 

ELONGATION AT BREAK (%) 469,7 548,09 589,88 537,58 737,36 752 787,69 816,87 

 
According to the test results, increasing the BUR, generally 

tensile strength of the film is increase. Because of in generally, 
amount of stretching in a given direction which is MD or TD 
increases, the molecular orientation and tensile strength will be 
increase. In additional the forest line height influenced 
mechanical properties of film because of the when the film has  

 
freeze early, the film structure will be crystallinity  
 Increasing the BUR from 1,68 to 3,25 the tensile strength 

of MD is increased, this situation can be explained lowest 
forest line height and higher feed rate. TD tensile strength is 
increased too, because of increasing the BUR, molecular 
orientation will be crystalline structure in transverse direction. 
 

Figure 4: Tensile Strength-BUR 
 
Elongation properties describes the ability of film to stretch 

prior to breaking or yielding [1]. Increasing the BUR from 
1,68 to 3,25 elongation at break increase too. Elongation tends 

to be inversely proportional to process stretching side where 
changing molecular orientation. So that the amount of 
elongation changing in MD is higher than TD. 
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Figure 5: Elongation at Break-BUR 
 
Some other mechanical properties were given in figure 3-4. 

Increasing the BUR, it leds to faster cooling, resulting in lower 
crystallite orientation and so the elongation was increased. 

 

 
Figure 6: Modulus of Elasticity-BUR 

 

Figure 7: Breaking Strength-BUR 
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Processing condition have a significant effect on mechanical 
properties of polyethelene films. Blow-up ratio is a critical 
factors that determine final film properties. 
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Abstract - There are many ways to use a metal coating as a 
surface treatment to increase the mechanical, electrochemical and 
thermal properties of the material. These techniques used 
depends largely on the application of the material as well as the 
desired material coating or the depth of the surface treatment. 
There are mainly four coatings methods such as gaseous state 
processes, solution state processes, molten or semi-molten state 
processes, and solid state processes. Two important characteristic 
parameters for coating processes are the thickness of coatings 
that can be obtained and the deposition temperature. This study 
is described several coating processes that are used to produce 
relatively thin surface layers. Hence, the substrate and the coating 
is combined to provide a tribological performance that cannot be 
achieved by using singly.  In addition, the types of coatings that 
can be used for metal surfaces operating at high temperatures 
and characteristics of electrode coating are investigated.  
 

Keywords - Tribology, high temperature, metal coating, surface 
treatment. 

I. INTRODUCTION 

ecently, tribologists have increasingly resorted to friction 
and wear control. This led to the development of a new 

discipline called surface engineering. This growth has been 
encouraged by two main factors. The first was the 
development of new coating and processing methods, which 
provide previously unworkable coating characteristics and 

tribochemical properties. The second reason for growth in this 
area has been the recognition by engineers and scientists of 
materials that the surface is the most important part in many 
engineering components. It is at the surface that most failures 
come from either wear, fatigue or corrosion. The surface has a 
dominant influence on cost and performance over the life 
cycle, including the maintainability of the machinery [1].  

Coatings are used for many engineering applications to 
improve the surface properties of components or structures 
against environmental degradation. Typical examples are (1) 
high temperature corrosion, (2) erosion and wear, and (3) 
thermal degradation (overheating) [2].  

There are mainly four coating processes such as gaseous 
processes, solution state processes, melt or semi-melted 
processes and solid state processes [1]. The surface 
engineering techniques included in this general classification 
are shown in Figure 1. 

 
In this study, however, only the coating types included in 

the molten or semi-molten state processes will be discussed. 
We will try to focus on metal coatings made on base metal, 
especially exposed to high temperatures. 

 

 
Figure 1. A general classification of surface engineering techniques[1]. 
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used[1]:  
 
PA    Plasma assisted 
CVD  Chemical vapour deposition 
PVD  Physical vapour deposition 
IBAD  Ion beam assisted deposition 
IAC   Ion assisted coating 
II    Ion implantation 
 
Two important parameters for coating processes are the 

thickness of coatings that can be obtained and the deposition 
temperature. The range of typical coating thicknesses ranging 
from 0.1 mm to 10 mm is shown in Figure 2a, and the range of 
deposition temperatures ranging from room temperature to 

[1].  
 
 
 
 
 

Deposition Processes and Coating Structures 

 
Figure 2a. Typical and 

thicknesses of coatings [1] 

 
 

Figure 2b. Typical ranges for (b) processing temperatures for 

coating technologies [1].  
 
There are many different methods by which a metallic coating 
can be applied as a surface treatment to increase the 
mechanical, electrochemical, and thermal performance of a 
material.   The technique used largely depends on material 
application as well as the desired material coating or depth of 
the surface treatment [3]. Typical comparative characteristics 
of some basic coating methods are given on Table 1. 
 
High temperature coatings are used for two main functions: to 
protect the underlying metal from corrosion or erosion, or to 
minimize wear. The third function is to reduce the temperature 
of the base metal in the case of thermal barrier coatings; 
However, resistance to corrosion and hot oxidation is 
mandatory [2].  
 
Commonly, the high temperature components exposed to static 
charges to which the material is creeped and the cyclic loading 
component experiences fatigue. In both cases, the coating has 
some effect or a change in material properties due to the 
difference in heat treatment, or by changing the surface of the 
part due to the presence of the coating; the coating thus 
modifies the crack initiation conditions [2]. 
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Table 1. Comparative typical characteristics of some of the main coating methods [1] 

 

II. MOLTEN OR SEMI-MOLTEN STATE PROCESSES 

Processes of the molten or semi-molten state include "solid" 
methods, such as thermal and plasma spraying. These methods 
can be applied a very wide range of materials, including 
aluminum alloys, copper, iron, molybdenum, nickel, stainless 
steel and tin. The resulting thickness can be from a few 
microns to several millimeters, which is an economical way of 
applying wear-resistant and corrosion-resistant coatings. 
However, porosity can often be higher than acceptable, and 
several technological processes, such as detonation (D) gun 
and high-speed thermal spraying of oxide fuel (HOVF), are 
aimed at improving this performance [4]. 

 
Various welding processes can also be used to apply a number 
of metals and metal / ceramic composites. The two most 

widely used methods are oxyacetylene torch in combination 
with a welding rod consisting of a metal to be deposited. The 
second most common method is the use of arc welding 
techniques, where the welding electrode is a facing metal [4]. 
  
 A general comparison chart is available for SEMI-MOLTEN 
STATE PROCESSES on Table 2. 
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Table 2.  Comparative characteristics of some of the main coating methods [4] 

[
 

In a discussion of the mechanical properties of high 
temperature coatings and coated components, two areas are of 
primary interest: (1) the susceptibility of a coating to cracking 
and peeling; (2) the coating-base metal interaction which leads 
to the deterioration of the important mechanical properties of 
the components [2]. 

Cracking and peeling may be due to (1) high residual tensile 
stress due to the treatment, (2) a marked thermal expansion 
gap, (3) poor ductility or toughness, and (4) poor adhesion to 
the substrate. The properties of the base component are not 
directly affected. Coating protection is limited due to 
premature failures of the mechanical coating [2]. 

During the thermal spraying of the coatings, residual 
stresses develop because the melted droplet strikes the 
substrate, seals the substrate and is prevented from shrinking 
during the cooling process [2]. 
The metal-coating interaction may influence mechanical 
properties due to (1) inadequate process parameters 
(temperature, time, heating and / or cooling rate), (2) 
interdiffusion and structural changes due to compatibility 
insufficient chemical, to crack the formation as indicated 
above which causes a stable growth of the crack by creep or 
fatigue in the structural base metal [2].  
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- Thermal Spraying 
 

Thermal spraying is a process in which a metallic or non-
metallic material is heated and then propelled in atomized 
form onto a substrate. The material may initially be in the form 
of a wire, rod or powder. It is heated in a plastic state or 
melted by a flame of oxyfuel gas by an electric arc or plasma 
or by detonation of an explosive gas mixture. The particles 
conform to the shapes of the substrate or themselves and then 
cool to form a coating[5]. 

These coatings are characterized primarily in terms of 
substrate adhesion, porosity and oxide content. In general, the 
higher the particle velocity, the better the adhesion, the higher 
the density and the lower the oxide content of the coating. The 
thermal spraying industry is diverse. Thermal spray coating 
users abound in the aerospace, steel, automotive, and 
petroleum industries, to name a few. It's important to 
distinguish between thermal spray coating and thermal spray 
coating. welding processes used for surface coating. During 
spraying, fine particles of sprayed product from a gun hit the 
substrate, and binding to the bond is mechanical, non-
metallurgical or chemical. Substrate temperatures reach 365-
530 K, which is much lower than welding, avoiding distortion 
and oxidation of the base material [5].  

 
Firstly, it can be applied to non-weldable coating materials, 
such as ceramics, and second, it can be applied to coatings of 
materials unsuitable for surface welding because of their 
composition or their susceptibility to distortion. Generally, 
there is little or no distortion, dilution or metallurgical impact 
on the substrate. The total thickness of the coating may be 
0.0025-10 mm depending on the stress constraints of the 
material to be sprayed. There are five main thermal spraying 
methods in general, listed here in descending order of particle 
velocity. These are: detonation flame spraying, high velocity 
oxyfuel (HVOF), plasma airb, arc and flame projection. The 
flame spraying process uses a combustible gas as a heat source 
to melt the coating material. Flame spray guns are available for 
spraying materials in the form of rod, wire or powder. An 
acetylene flame having a temperature of 3300 C is used, in 
which ceramic material is introduced [5]. 

 
- Laser Coating 

The surface coating process improves the mechanical 
properties of the materials. One of the alternatives to 
conventional methods used to coat metal surfaces is the laser 
sheath [6]. A laser is used as a source of energy to cover the 
surface of the metallic material [7]. The thickness of most laser 
surface coating operations varies from 0.1 to 2 mm [8].  

 
Different alloys are used as coating materials in surface 

coating operations. One of these alloys is the cobalt-based 
Stellite alloy. It is widely used for dental and surgical implant 
materials, as well as for valves, turbine blades, exhaust pipes 
and similar industrial applications [9]. Of the various existing 

Stellite alloys, Stellite 6 is widely used in the industry. [16] 
 

It has an approximate composition of Co-28Cr-4.5W-l. lC (% 
wt) [10]. The improved hardness through the formation of 
intermetallic compounds and mixed carbides can be obtained 
in the Stellite alloy [11]. Stellite alloys are often used in 
applications that require high wear and corrosion resistance at 
high temperatures [12]. Since Stellite alloys contain carbide in 
their microstructure, they have a high hardness. [16] 
 
Surface coating alloys of Stellite are more expensive than 
other surface coating alloys. Despite their high cost, they are 
preferred due to their superior properties to other coating 
alloys [13, 14].  

 
-Welding 
 
Protective weld overlay coatings are particularly 

advantageous in terms of coating quality. Welding coatings are 
essentially immune to spallation due to a strong metallurgical 
bond with the substrate material, and by using powder blends, 
a wide range of alloys can be applied to achieve the best 
performance. in an erosive environment. [15] 

III. COMPARISON METHOD 

The coating process can be done with thickness of 0.1 - 2 
mm by laser coating process which is one of the modern 
surface coating processes [18]. In addition to surface coating 
with laser welding, MIG-MAG (Gas), Plasma (PTA), Flush 
and Gas tungsten arc (GTA) welding methods are also 
frequently used. Surface coating with TIG welding is a 
frequently preferred application. It can be said that the TIG 
welding method is more preferable and the applicability of the 
method is easier and cheaper [19]. 

Stellite alloys are often used in applications where high 
corrosion and corrosion resistance are required under high 
temperatures. Stellite alloys have high hardness because they 
contain carbide. For this reason, the cost of Stellite surface 
coating alloys is higher than other surface coating alloys. 
Although it is costly, it is preferred due to its superiority over 
other coating alloys [14,20,21]. However, considering the cost 
of application method, TIG welding method is more 
economical than Laser coating. We will work to compare the 
findings of Stellite alloys after coating with two coating 
methods. 

IV. DISCUSSIONS 

In the first study, made by Serkan Apay and Behcet 
in 2013, low carbon AISI 1015 steel was coated with a 
microdaser weld and cobalt based Stellite 6 welding alloy wire 
[16].  

In the second study, made by Serkan Apay and Behcet 

TIG welding method and cobalt based Stellite 6 welding alloy 
wire [17].  
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Similar application steps were made in both different 
coating methods. Microhardness measurements were 
performed on the cross-sectional area of the coated surface. In 
addition, the materials were subjected to wear tests.  

 

In this step, with the help of these two previous studies, the 
microlaser and TIG welding methods will be compared to each 
other with given tables and figures below. 

 

Table 3. Chemical composition (% weight) of the AISI 1015 Steel and Stellite 6 wire [16]. 

 
 

 

Table 4. Chemical analyzes of the coating material AISI 1018 steel and Stellite 6[17]. 

 
 

 

 
Figure 3. Hardness values of the specimens from the base material to coating surface. (AISI 1015- Microlaser) [16]. 
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Figure 4. Hardness values of the specimens from the base material to coating surface. (AISI 1018- TIG) [17]. 

 
 

 

 
Figure 5. Results of the wear test. (AISI 1015- Microlaser) [16]. 
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Figure 6. Results of the wear test. (AISI 1018- TIG) [17]. 

V. CONCLUSION 

In the first study, AISI 1015 low carbon steel was coated 
with cobalt-based Stellite 6 alloy welding wire using 
microlaser welding. In the second study, AISI 1018 low 
carbon steel was coated with cobalt based Stellite 6 alloy 
additional wire by TIG welding method from different hard 
surface coating methods. The evaluations of the comparison of 
these two studies are given below. [16-17] 

 
1-AISI 1015 and AISI 1018 steels were found to be able to 

be coated with Stellite 6 alloys with Microlaser and TIG 
welding methods under normal atmospheric conditions without 
any precautions and pre-annealing. [16-17] 

2-However, in the TIG welding method, the coating surface 
hardness was found to be harder than that of the Mikrolaser 
method. [16-17] 

3- In both studies, it was observed that wear losses were 
increased due to the increase in the amount of load applied in 
abrasive wear tests under 10N, 25N and 40N loads. However, 
it appears that the wear losses in the Mikrolaser coating 
method are much higher. [16-17] 

 
In this study, the hardness and wear results of the specimens 

subjected to the Stellite 6 alloys coating with two different 
methods for two different structural steel qualities and under 
similar conditions were given. When the results are 
interpreted, it is predicted that the Stellite 6 alloys will give 
different surface hardness values depending on the coating 
method. For this reason, maximum coating hardness obtained 
by coating Stellite 6 alloys on structural steels with different 
methods from these coating methods should be investigated. 
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ABSTRACT 
 
Turkey is a quite developed and still developing country in 
terms of locomotive production within the structure of 

duction in this area makes 
a significant contribution both to the state economy and to 
the employment. However, the next phase after production 
has perhaps a greater importance than the production phase 
in terms of energy efficiency.  Therefore, the fact that 
domestically produced locomotives are operated under 
energy-efficient conditions should be seen as a secondary 
and significant contribution to the national economy. For 
this reason, choosing the correct vehicle based on the load 
required to be carried, the speed and the ramp values is a 
significant problem of productivity.  
There are too many locomotives produced, and in this 
declaration, the loads that can be carried by E43000 and 
E68000 electric locomotives at a certain slope value 
depending on the different speeds are determined. These 
information, which cannot be obtained directly from the 
locomotive catalog information, have been provided to the 
user as a reference.  
In this way, the locomotives that are produced by our 
country are aimed to contribute to the economy and the 

environment by using again our country s energy 

economically (without reducing the load carrying 
performance). 
 
Keywords: -Railway Systems, Energy Efficiency, Locomotive 
Types, Load Transportation, Optimization. 

 
I. INTRODUCTION 

 
The railway history of Turkey is quite deep-rooted. Since 

-

1980 s, 157 years passed by and, excluding some periods 
of stagnation, the railway has a rapid progress in our 
country. Today, the projects in numerous number such as 
high speed train projects, national train projects, train 
equipments that we have produced without any external 
support and the Uraysim Project which allows us to 
approve our own test systems to be applied to the train 
equipments that we produce ourselves are like the proofs 
of the progress that we have made in recent year.  
 
It is known that realizing the manufacturing of a 
technological equipment is not sufficient today. Because 
the necessity to use the produced technology in the most 
correct way is quite important particularly in terms of the 
life cycle and the energy efficiency of the equipment. The 
studies in this field in Turkey are unfortunately 
insufficient, especially when rail systems are considered 
in terms of energy efficiency. Using what we produce in 

rail systems in an efficient way -whereas, this field is very 
large- is a contribution as important as the contribution of 
domestic production to the country. 
 
In this regard, this study seeks an answer to the question 
of how domestically produced E43000 and E68000 
electric locomotives can be used more efficiently by 
taking the load, speed and ramp values as a basis. By this 
means, locomotives are allowed to operate in various 
operation conditions both most efficiently and the most 
economically. This study is a start and the contribution to 
the efficiency can be realized also for very different 
parameters of the locomotive.  

 
II. LITERATURE SURVEY 

 
A study which determines the maximum load that could 
be carried by the locomotives and the highest speed they 
can achieve was not exactly conducted in the literature. 
However, there are studies conducted in miscellaneous 
fields of rail systems in terms of the energy efficiency. It 
was observed in a study conducted by using SimuX 
simulation software that the energy consumption value 
increases 16,62 times in the event of the slope value 
changes from -5% to 5%, that s a 10% of increase. It was 
calculated that the regenerative braking energy effect 
makes a recovery in the rate of 14-15% at the test slope 
values. Since the vehicle decides, during the regenerative 
braking energy, where to or not to use regenerative 
braking energy, where to make mechanical and where to 
make electrical braking by means of its internal 
equipments, it is not possible to know its speed at that 
moment. On a road having 3-6% of slope, it was observed 
that the losses occurring in the transformer center vary 
between 2% to 10,4% depending on the distance of the 
catenary to the tractive force supply system and its 
resistance. It is clear that the energy consumption 
increases as the number of people (weight) and the slope  
increase. Apart from these, as the number of people 
increases, the amount of energy consumed per person 
decreases despite the increase in the amount of energy 
consumed, and the increasing number of people by the 
increase of the slope increases the amount of energy 
consumption more rapidly [1]. 
 
While there is no significant change in line voltage when 
an improvement in energy efficiency is desired, line 
losses are reduced and voltage stabilization is ensured in 
onboard energy storage [2]. With the use of onboard 
energy storage systems, the voltage drop across the 
pantographs, which are the current receiving points of the 
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vehicles, will be minimized (voltage drops are avoided by 
reducing the line current by more than 50%, sometimes 
by 80% [3]) and accordingly, a decrease that might occur 
in the performance of the vehicles will be prevented [4]. 
The studies show that theoretically, even about 40% of 
the total energy used can be obtained from the recovery 
of the braking energy, depending on the train operating 
frequency. It is reported that in the lines where trains are 
operated for 3 minutes and less, the most of the energy 
produced during braking is being used by other trains [5]. 
On the lines where trains are not operated frequently, 
most of the energy is burned in the resistances. In this 
context, it is estimated that considerable energy savings 
with respect to operating costs can be realized through 
energy storage technologies [6]. With the installation of 
several energy storage systems, it has been observed that 
a storage system saves 340,000 kWh of energy per year 
[7]. 
 
It is a fact that super capacitors increase the load, but a 
study has shown that they still provide energy savings 
despite increasing the load. This value varies between 
23% and 26% depending on the number of ultra capacitor 
and the number of people used [8]. 
 
it has been observed in the studies conducted that the red 
signal lamps lead to significant braking energy losses. In 
this study [9], when the speed of a 300-meter-long train 
increases from 50 km/h to 110 km/h, it consumes 100 MJ 
more energy on a 100 km-long rail. 
 
In studies conducted around the world for energy efficient 
driving, a 10% saving potential is predicted for all traffic 
types [10]. 
 

III. R/V DIAGRAM 
 

The slope value that can be reached may be calculated in 
the event of the load or the speed is known by using the R 
/ V (Ramp / Speed) diagram. For creating this diagram, 
the below equations are used.  
 

                                    (1)                                                          

                                                                                        (2) 
                                                                   (3)                                                                                       

                                     (4)                                                                                                                                                                                 

                                                                  (5) 

                                                                                                           

                                                     (6)  

 
These six different equations help getting the third 
parameter through two known parameters. Briefly, thanks 
to the formulas, the slope at a certain load and speed, the 
speed at a certain load and slope, and the load at a certain 
speed and slope can be calculated.   
 

Terminology 
 
T: Traction of the locomotive 
P: Axle Load 
GV: Load to be carried by the locomotive 
GL: Load of the Locomotive 
N: Number of axles 
V: Speed 
A: Front Field of Vision 
Ptrac: Traction Power 
re(k): Slope Value 
 
Table 1. Technical details of the Electric Locomotive named 
E68000 [11]. 

Main Characteristics  

Manufacturer TCDD 

Date of Production 2013-2015 

Power 6800 HP 5000 kW 

Weight of Locomotive 86 Ton 

Axle Load 21,5 Ton 

Axle Type Bo Bo 

Maximum Speed 140 km/h 

Trac Size 1435 mm 

Length 19800 mm 

Catenary Type AC 25 kV, 50 Hz 

Engine Traction Power AC 1280 kW 

 
Table 2.Technical details of the Electric Locomotive named 
E68000 [11]. 

Main 
Characteristics 

 

Weight of 
Locomotive 

120 t 

Axle Type Bo - Bo -Bo  

Axle Load 20 t 

Speed 90 - 120 km/h 

Trac Size 1435 mm 

Driver System 
 

Traction Power 3180 kW, 4300 HP 

Engine Traction 
Type 

SE - 222 DC 

Engine Traction 
Power 

530 Kw 

Catenary Type Mono Phase 25 kV 50 Hz 

 
Considering that the highest slope value of the railway 

line in Turkey is 26 , the maximum load that can be 
carried at which speed that slope value can be covered is 
calculated by using the K / V equations. These tables are 
the tables for practical use for the user convenience.   
 
 
 
Tablo 3. Bogie Types [11] 

OO  OO 
BO-BO 

2 Bogies, 4-axles, 4 traction 
motors 

 

909 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



OOO - OOO 
CO-CO 

2 Bogies, 6- axles, 6 traction 
motors 

 

OOO - OOO 
A1A - A1A 

2 Bogies, 6- axles, 4 traction 
motors 

 

OO - OO - OO 
BO - BO - BO 

3 Bogise, 6- axles, 6 traction 
motors 

 

 
Table 4. Load restrictions of E68000 at Certain Speeds 

According to the 26   Ramp Value 

Speed Load 

30 km/h 2229.3 ton 

40 km/h 1663.3 ton 

50 km/h 1319.1 ton 

60 km/h 1084.9 ton 

70 km/h 913.73 ton 

80 km/h 782.22 ton 

90 km/h 677.42 ton 

100 km/h 591.57 ton 

110 km/h 519.77 ton 

120 km/h 458.71 ton 

130 km/h 406 ton 

140 km/h 360.37 ton 

 
Table 5. Load restrictions of E43000 at Certain Speeds 
According to the 26   Ramp Value 

Speed Load 

30 km/h 1439.4 ton 

40 km/h 1087.8 ton 

50 km/h 872.29 ton 

60 km/h 724.75 ton 

70 km/h 616.14 ton 

80 km/h 531.97 ton 

90 km/h 464.25 ton 

100 km/h 408.19 ton 

110 km/h 360.78  ton 

120 km/h 320 ton 

 
Getting a result expected in Table 4 and 5 seems 
numerically possible. This result is that the load carried at 
constant slope value will be reduced at increased speed. 
Along with witnessing this in the daily life, its reason can 
be explained by the physics formula given below. The 
force and time spent are constant, and this power reduces 
the system carried mass amount to meet the increased 
need for speed.  
 

                                                                           (7)      

 
Terminology 
 
F: Force 
m: Mass 
V: Speed 
t: Time 
 

IV. GETTING THE OPTIMAL OPERATING 
CONDITIONS OF TWO DIFFERENT 

LOCOMOTIVES WITH RAMP 
CHARACTERISTICS 

 
In this section, the aim is to find the most efficient load 

and speed value of the locomotive on a 26   road 

having the highest ramp value. For this purpose, since the 
speed and load units are different from each other, the 
graphics of which normalization process is carried out are 
intersected at first and then the de-normalization is 
carried out and the optimum speed and load values are 
obtained. It should be noted that the numerical values in 
the graphic are the expressions after normalization 
process. However before that, the process of 
normalization is briefly touched upon.  
 
The normalization process, in other words disassembly, 
decomposition, that is proposed by the well-known 
French scientist Hubert Francesci is to decompose a large 
table comprised of too many columns and rows into sub-
sets containing fewer rows and columns to avoid 
repetition. Another benefit of the normalization process is 
the ability to compare parameters having different units 
that need to be compared, since it eliminates the units.  
The formula of the normalization process is as follows: 
 

  (8) 
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Figure 1. Load Intersection Graphic at 26  of Slope for 

E68000 (Blue: Speed and Orange: Load)  
 
Whereas, the speed points at the slope value given for 
E68000 were found as 55-60 km/h, and the load was 
found between 1202-1319,11 tons. In order to be able to 
create efficient operating conditions, the studies must be 
conducted within these speed and load values. 
 

 
Figure 2. Load Intersection Graphic at 26  of Slope for 

E43000 (Blue: Speed and Orange: Load) 
 
Whereas, the speed points at the slope value given for 
E43000 were found as 50-55 km/h, and the load was 
found between 798-872 tons. In order to be able to create 
efficient operating conditions, the studies must be 
conducted within these speed and load values. 
 
When attention is attached to Figure 1 and Figure 2; for 
E43000 ten and for E43000 twelve different values are 
given. The reason of that is one has ten and the other has 
twelve different load and speed parameters. (see. Table 4 
and 5) 
 
 
 
 

V. CONCLUSION 
 

In this study, the points where E43000 and E68000 
operate most efficiently according to a slope value of 
26 are determined. The speed points at the slope value 
given for E43000 were found as 50-55 km/h, and the load 
was found between 798-872 tons. The speed points at the 
same slope value given for E68000 were found as 55-60 
km/h, and the load was found between 1202-1319.11 
tons. Thus, if the locomotives carry these loads at that 
speed with a slope of 26 , they will get the most 
efficient operation. As it is seen, these values need to be 
calculated separately for each locomotive.  
This study can also be conducted for different slope 
values. For example, these work sheets can be created by 
determining the slope values on the route where a 
locomotive is used. Hereby, the item of economically 
using the available energy, that is the first step of the 
energy efficiency, will be fulfilled.  
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Abstract - Gears used in automotive vehicles and other power 

transmission units experience two kinds of stress mainly; contact 

stress at tooth surface and bending stress at tooth root. Gears are 

commonly designed and analyzed in terms of these two stress 

types based on well accepted gear formulas (such as Lewis, 

AGMA) and international standards (ISO, AGMA, DIN). Finite 

element analysis requires macro geometry of gear pairs. So 

generation of macro geometry of gears is very essential. Because 

gear tooth profile consists of involute and root (trochoid) portions 

and transition between these curves effects stress concentration.  

 

In this study, spur gear design alternatives are stated based on a 

predefined center distance back to back test gear box. Then one of 

alternative design is selected and it is analyzed in terms of tooth 

root bending stress and contact stress based on ISO by using a 

homemade software which is capable of designing and analyzing 

gears based on ISO, AGMA and DIN standards.  

For macro geometry generation, firstly coordinates of involute 

and trochoid (root) portions of profile is generated by homemade 

software and then solid model is created by using Solidworks. 

FEA is performed by Marc whereas meshing is done by using 

SimXpert. This gives chance to make comparison between 

theoretical calculations and finite element analysis results.  

Dynamic behavior of gears is important because of its relation 

with static and dynamic transmission error hence vibration and 

noise. Transmission error (TE) is considered to be an important 

excitation mechanism for gear noise and vibration. It is defined as 

the difference between the actual position of the output gear and 

the position it would occupy if the gears were perfectly conjugate. 

Designer needs to construct loaded transmission error curve, this 

gives him chance to simulate the quasi static behavior of gears at 

the design stage. It also allows the designer to design a proper 

tooth profile relief which produces a uniform motion transfer 

(with minimum TE) between driving and driven gear shafts. In 

this paper, micro profile of gear tooth is designed to minimize 

transmission error and TE curves under load are constructed by 

using TE module of homemade software.  

 
Keywords - Parallel axes gears, spur gear, design, analysis, 

transmission error, gear vibration, noise, gear standards. 
 

I. INTRODUCTION 

Gears are one of the most important power transmission 

elements required to transmit both torque and motion between 

shafts. Macro and micro geometry of these crucial power 

transmission elements are very effective on static and dynamic 

performance. Static performance usually deals with global 

kinematic and geometric requirements and strength analysis of 

gear materials under load while dynamic performance usually 

deals with vibration and noise of gears.  

 

Gears experience two kinds of stress mainly; contact stress at 

tooth surface and bending stress at tooth root. Gear tooth 

strength relates to the ability to resist tooth breakage under the 

effect of root bending stress; gear tooth surface durability 

relates to the ability to resist pitting under the effect of surface 

pressure between meshing teeth.   
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Due to a vast amount of parameters and complexity of gear 

and gearbox design, designers need to have a comprehensive 

knowledge of gearing supported by well accepted equations 

and design procedures such as Lewis bending equation, 

AGMA stress equation and other international standards. 

Some standards for parallel axes gears have been developed 

and presented by international organizations such as ISO 

(International Organization for Standardization) [1-5], AGMA 

(American Gear Manufacturers Association) [6-8], and DIN 

-13]. 

 

Checking these influences by manual calculation is slow and 

prone to errors. It requires turning back and changing 

any/suitable ones of design parameters to provide safe 

operation of gear pair.  In such cases designer needs more and 

more time to redesign and check if operation is safe or not. 

These all increase the demand for gear design and analysis 

software that calculates and checks gear parameters, 

determines geometry, size and material properties, safety 

factors for surface contact stress, tooth root bending stress and 

scuffing resistance (if required) with high accuracy and 

minimum error in short time. Some commercial programs such 

as KISS Soft, Dontyne, Zar, Excellent, AGMA Gear Rating 

Suite, MitCalc and Fairfield Gear Program are used in industry 

for gear design and analysis processes 

 

Gears are subjected to dynamic loads as well as static loads 

during operation. High dynamic load can lead to fatigue failure 

and affect the life and reliability of a gear transmission. 

Dynamic behavior of gears is important because of its relation 

with static and dynamic transmission error hence vibration and 

noise.  

 

Transmission error (TE) is considered to be an important 

excitation mechanism for gear noise and vibration. It is 

defined as the difference between the actual position of the 

output gear and the position it would occupy if the gears were 

perfectly conjugate. Designer needs to construct loaded 

transmission error curve, this gives him to chance to simulate 

the quasi static behavior of gears at the design stage. It also 

allows the designer to design a proper tooth profile relief 

which produces a uniform motion transfer (with minimum TE) 

between driving and driven gear shafts. 

A user friendly in-house interface software has been developed 

[14] to perform following tasks: 

 Creating gear macro geometry for Finite 

Element Analysis (FEA) task, 

 Suggesting gear pair design alternatives 

based on geometrical limitations and 

working conditions, 

 Analyzing selected gear pairs from design 

alternatives in terms of bending and contact 

stress based on international gear standarts, 

 Designing tooth micro geometry and 

improving dynamic performance by 

minimizing transmission error. 

Some case study results obtained by using this software and 

FEA are presented in this paper. 

II. LITERATURE SURVEY  

Literature survey based on gear standards, finite element 

method and transmission error analysis is presented below: 

Based on Gear Standards  

Panchal [15] has used Mathcad software to calculate geometry, 

hardness and stress parameters of spur gear pair by calculating 

Lewis form factor and AGMA geometry factor. Tooth root 

bending stress and surface contact stress were calculated by 

using Lewis and AGMA equations. Bending stress calculation 

results for AGMA and Lewis, surface contact calculation for 

Hertzian and AGMA were presented and compared at the end. 

 

Cetinkaya [16] has prepared a computer program to design 

single step spur gear pairs in GWBASIC Language. Computer 

program has two sections; first section contains gear design 

simulation and the second is composed of shaft design and the 

ball bearing selection. DIN Norms were used to design gears. 
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Based on Finite Element Method 

Karpat et al. [17] have developed a computer program in 

Visual Basic to size spur, helical, bevel and worm gears in 

terms of module values for surface contact and tooth root 

bending based on DIN gear standards. 2 D models of gears 

were developed in AutoCad 2000, Microsoft Excel, Bortland 

Pascal and Ansys were used to create 3 D model and this 

model was analyzed in Ansys. 

 
 Venkatesh et al. [18] have calculated bending stress and 

contact stress by using analytical and numerical methods. 

Modified Lewis beam strength method was used to estimate 

bending stress whereas contact stress calculation was 

performed according to modified AGMA contact stress 

method. 3-D model of helical gear was generated by using Pro 

Engineer Solid Modeling software. Contact and bending 

stresses were analyzed by Ansys.  At the end, results were 

compared. 

 

Based on Transmission Error Calculations  

Yildirim et al. [19] have introduced a systematic approach and 

applied it to low contact ratio (LCR) spur gears first with some 

design regions and to high contact ratio (HCR) spur gears with 

some new and promising design regions and rules. Several 

smooth transmission error curves at different loads were 

shown to be possible for the relief designed, hence allowing a 

range of loads with uniform motion transfer. The advantages 

of HCRG over LCRG in terms of smooth TE curves and tooth 

load values were noted, and compared with experimental 

results. 

 

Yildirim [20] has studied on investigation and reducing 

transmission error of high contact ratio and low contact ratio 

spur gears. Theoretical values were verified with experimental 

results.  

III. CASE STUDIES 

In the scope of this study, spur gears used on a back to back 

test gear rig are designed and analyzed by an in-house 

developed software based on international parallel axes gear 

standards presented by ISO.  

DESIGN OF SPUR GEAR PAIR BASED ON ISO 

STANDARDS 

Gears are designed alternatively by using software design 

module. Then one of them is selected and analyzed based on 

corresponding standard. Required design parameters and some 

other additional parameters such as material properties, surface 

quality, profile modification and geometrical constraints for 

spur gear pair are defined by designer (Table 1 and 2). 

Spur gear pair is designed based on ISO by using the software 

depending on limitations for gear geometry and a safe 

operation during meshing. Design alternatives suggested by 

the software are presented in Table 3.  

 

First and fifth of alternatives are given with profile shift 

coefficient by the software; this ensures that different reference 

center distance gears can be used for a predefined operating 

center distance. Remaining alternatives do not require profile 

modifications.  

 

Sixth of these alternatives (yellow colored row) is selected and 

analyzed by using ISO analysis module for 32.0 mm face 

width instead of value given by design module as 31.42 mm by 

taking manufacturing difficulties into consideration.  

 

Table 1: Required Design Parameters 
 

Operating center distance 120 mm 

Gear ratio 1.0 - 

Power 42 kW 

Rotational speed 2500 rpm 

 
 

STRESS CACULATIONS BASED ON ISO STANDARDS 

General influence factors, performance parameters for tooth 

root stress / surface contact stress and geometry parameters are 

calculated by using software. For analysis of selected design 

alternative, in-house developed software and Kiss Soft 

(commercial machine elements software) is also used, and 

results are presented in Tables 4-6 respectively. 
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Table 2: Required Design Parameters 
 

Parameters Pinion Gear Unit 

Min factor of safety 
(contact) 

2.0 - 

Min factor of safety 
(bending ) 

2.0 - 

Operating center distance 120 mm 

Gear ratio 1.0 - 

Power 42 kW 

Rotational speed 2500 rpm 

Normal pressure 
angle 

20 deg 

Driver Pinion - 

Oil type ISO VG 320 - 

Pinion Shaft Type ISO 6336-1 Figure 
E 

- 

Helix Modification None - 

Contact Pattern Optimal - 

Material Case Hardened 
Wrought Steel 

- 

Material Type Core 
HRC lower 

- 

Allowable contact 
stress 

1550 MPa 

Allowable bending 
stress 

450 MPa 

Quality MQ - 
Surface Hardness 60 HRC 

 
 

Table 3: Design alternatives for spur gears based on ISO 
 

 

 
 

 

 
 

 

Table 4: General influence factors for spur gears  
based on ISO 

 

Parameter Software KISS soft Unit 

Application 
factor 

1.0000 1.0000 - 

Dynamic factor 2.0351 2.035 - 

Face load factor 
(contact) 

1.1834 1.183 - 

Face load factor 
(bending) 

1.1436 1.144 - 

Transverse load 
factor (contact) 

1.0000 1.0000 - 

Transverse load 
factor (bending) 

1.0000 1.0000 - 

 
 
 

MACRO GEOMETRY GENERATION AND FINITE 

ELEMENT ANALYSIS 

Gear geometry is also an important concern to provide uniform 
motion transfer. Mating teeth of gears acting against each other 
to produce rotary motion are similar to cams. When the tooth 
profiles are designed so as to produce a constant angular 
velocity ratio during meshing, these are said to have conjugate 
action.  
 
Many tooth profile forms such as involute, cycloidal and 
circular can theoretically fulfill the basic requirements such as 
uniform motion transfer and constant angular velocity during 
gear meshing (conjugate action). Involute profile, which with 
few exceptions, is in universal use for gear teeth. It is 
insensitive to center distance change and allows different 
operating center distance without changing the velocity ratio. 
 
Gear macro geometry generation (Figure 1) is an important 
concern both to check if gear meshing is safe or not and to 
generate a model for mesh generation and analysis in FEA. 

 
Gear tooth profile (Figure 2) and coordinates of involute and 
trochoid (Figure 3) are generated by using homemade 
software. 

 

Paramet
er 

Cases 

1 2 3 4 5 6 

 17 20 24 30 34 40 

 17 20 24 30 34 40 

 7 6 5 4 3,5 3 

 0,0736 0 0 0 0,1473 0 

 0,0736 0 0 0 0,1473 0 

 119 12 120 120 119 120 

 21,27 20,00 20,00 20,00 21,27 20,00 

 43,98 43,98 36,65 33,51 29,32 31,42 

 2,031 2,078 2,095 2,056 2,024 2,024 

 4.542 5.082 5.337 5.451 5.204 5.311 
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Figure 1: Gear Mesh (Software). 

 
 
Table 5: Tooth root bending stress parameters for spur gears 

based on ISO 

 
 Software KISS soft  

Parameter Pinion Gear Pinion Gear Unit 
Life factor 1.000 1.000 1.000 1.000 - 
Relative 

notch 
factor 

0.997 0.997 0.998 0.998 - 

Relative 
surface 
factor 

1.107 1.107 1.107 1.107 - 

Form 
factor 

1.310 1.311 1.310 1.310 - 

Tooth 
normal 
chord at 

root 

6.399 6.399 6.400 6.400 mm 

Radius of 
tooth root 

fillet 

1.426 1.426 1.430 1.430 mm 

Bending 
lever arm 

2.964 2.964 2.960 2.960 mm 

Stress 
correction 

factor 

2.112 2.112 2.110 2.110 - 

Size factor 1.000 1.000 1.000 1.000 - 
Contact 

ratio 
factor 

0.688 1.000 -   

Deep 
tooth 
factor 

1.000 1.000 -   

Helix 
angle 
factor 

1.000 1.000 -   

Rim factor 1.000 1.000 1.000 1.000 - 
Nominal 

stress 
number 

450.0 450.0 450.0 450.0 MPa 

Nominal 
tooth root 

stress 

77.09 77.09 77.08 77.08 MPa 

Tooth root 
stress 

179.4 179.4 179.4 179.4 MPa 

Tooth root 
stress 
limit 

993.8 993.8 993.8 993.8 MPa 

Permissibl
e tooth 

root stress 

469.9 469.9 496.9 496.9 MPa 

Factor of 
safety 
(tooth) 

5.539 5.539 5.54 5.54 - 

 
  

 

 
Figure 2: Software Interface and Gear Tooth Profiles. 

 

Figure 3 Coordinates of Gear Geometry 

2D and 3D solid models are obtained by Solidworks (Figure 4-

6).  

 

Figure 4 Gear Model Created in Solidworks 
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Figure 5 Gear Tooth Profile Created in Solidworks 

 

Table 6: Surface contact stress parameters for spur gears based on 

ISO 

 

 

 

 

Figure 6 Solid Model of Gear Created in Solidworks 

 
Gear model is analyzed by FEA software Marc. Boundary 

conditions (Figure 7a) and elements are given in Figure 7b and 

c. Result of FEA for nominal tooth root bending stress is given 

in Figure 8.  

 
Contact stress model, boundary conditions and elements for 

finite element analysis are shown in Figure 9a and b. 

 

Stress values calculated by software, KissSoft and FEA are 

presented in Table 7.  

 

 Table 7 Comparison of Stress Values Calculated by Software 

and FEA 

 

 

 

 

 

 

 Software KISS soft  
Parameter Pinion Gear Pinion Gear Unit 

Life 
factor 

1.0000 1.0000 1.0000 1.0000 - 

Single 
pair tooth 

factor 

1.0019 1.0019 1.0000 1.0000 - 

Velocity 
factor 

1.0131 1.0131 1.013 1.013 - 

Lubricati
on factor 

1.047 1.047 1.047 1.047 - 

Roughnes
s factor 

1.093 1.093 1.093 1.093 - 

Work 
hardening 

factor 

1.000 1.000 1.000 1.000 - 

Size 
factor 

1.000 1.000 1.000 1.000 - 

Contact 
ratio 
factor 

1.0000 0.8730 - 

Zone 
factor 

2.4946 2.4950 - 

Helix 
angle 
factor 

1.0000 1.0000 - 

Elasticity 
factor 

189.8117 189.812 

 

- 

Nominal 
stress 

number 

1550 1550 1550 1550 MPa 

Nominal 
contact 
stress 

558.77 558.77 487.81 487.81 MPa 

Tooth 
contact 
stress 

868.7 868.7 758.5 758.5 MPa 

Pitting  
stress 
limit 

1797 1797 1797 1797 MPa 

Permissib
le contact 

stress 

898.5 898.5 898.5 898.5 MPa 

Factor of 
safety 

(contact) 

2.068 2.068 2.37 2.37 - 

Stress Type Software KissSoft FEA 

Nominal Tooth Bending Stress 

(MPa) 

77.1 77.0 78.8 

Contact Stress (MPa) 868.7 758.5 933.2 
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a) 
 

 

 

 

 

 
b) 

 

 

 

 

c) 

Figure 7 Boundary Conditions and Elements for Bending Stress 

Model 

 

 

Figure 8 Tooth Root Bending Stress Model 

 

a) 

 

b) 

Figure 9 Elements and Boundary Conditions for Contact Stress 

 

 

a)  

 

b) 

Figure 10 Contact Stress 
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DESIGN OF MICRO GEOMETRY FOR MINIMIZING 

TRANSMISSION ERROR AND IMPROVING DYNAMIC 

PERFORMANCE  

 

Transmission error (TE) is considered to be an important 

excitation mechanism for gear noise and vibration. Designer 

needs to construct loaded transmission error curve, this gives 

him chance to simulate the quasi static behavior of gears at the 

design stage. It also allows the designer to design a proper 

tooth profile relief which produces a uniform motion transfer 

(with minimum TE) between driving and driven gear shafts.  

 

In scope of this study, micro profile of gear tooth is designed 

to minimize transmission error and TE curves under load are 

constructed by using TE module of homemade software.  

 

Micro profile of gear tooth (selected sixth alternative from 

Table 3) is designed to minimize transmission error and TE 

curves under load are constructed by using TE module of 

homemade software. Long relief is applied to optimize loaded 

transmission error curve for design load. TE curves under load 

are presented in Figure 11 for different percentages of design 

load. 

 
Peak to Peak Transmission Error values for different 

percentages of design load values are presented in Table 8. 

 

 

Figure 11 Loaded Transmission Error Curves 

 
 
 
 

Table 8 Peak to Peak Transmission Error Values 

Design Load Percentages Peak to Peak Transmission Error 

(micron) 

0 % 3.2 

25 % 2.4 

50 % 1.7 

75 % 1.0 

100 % 0.3 

125 % 0.7 

150 % 1.4 

  

IV. CONCLUSION 

Design and analysis of gears regarding both geometry and 

strength is a crucial step towards manufacturing and testing. 

An in-house software having different modules of macro 

geometry generation, alternative design suggestions, 

mechanical design based on international gear standarts, tooth 

profile micro geometry design and static transmission error 

construction has been developed and compared with some 

other design tools available. The results generated by the 

software were compared with other sources and reasonable 

agreement has been stated. 

.  
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Abstract - Spray dryers are commonly used in many ceramic 
industries. Utilization of spray dryers instead of processes, such 
as grinding, moistening, grading, simplifies and accelerates the 
production process. Spray dryer evaporates the water in the 
sludge and obtains the necessary heat, combustion gases and 
heated air. Energy consumption of spray dryers is generally high. 
In ceramic factories, spray dryers are responsible 33% of the 
total cost. In this study, ground and wall tile dryers are used and 
their total natural gas consumption is 32% of the total energy 
consumption. The wall and ground tile dryers have 4000 kg/h and 
8000 kg/h of water evaporation capacities; while their natural gas 
consumptions are 262.28 kg/h and 435 kg/h, respectively. In the 
heat production, the hot air, which is obtained by the chemical 
reaction of natural gas and air (ambient air and waste heat air), is 
carried into the spray dryer, and the water in the mud is 
evaporated. There is a big amount of energy loss in the dryers, 
during the heat transfer. The energy and exergy analyses are 
applied for the wall and ground tile spray dryers in a ceramic 
factory.  The energy efficiencies of the wall and ground tile dryer 
are calculated as 7.9% and 8.4%, while the corresponding exergy 
efficiencies are found to be %27 and %28.63, respectively. It can 
be concluded that, optimization of the wall tile dryer is necessary 
to make the system efficient. 

 
Keywords - Efficiency; Energy analysis; Exergy analysis; Spray 

dryer; Thermodynamic. 

I. INTRODUCTION 

Drying process has recently been used in many sectors such 
as milk, cheese, ceramics, cement, fish oil, protein dust and 
coffee sectors. Since drying is an energy intensive process, it is 
very important to observe its energy consumption. For the 
ceramic and fish oil productions, the energy and exergy 
efficiencies of the dryers are affected by the density of the 
slurry, desired humidity, amount of drying air and ambient 
temperature. The energy and exergy analyses have been used 
as potential tools to optimize desiccant operation and design. 
[1-2]. Aghbashlo at al. [3] performed energy and exergy 
analyses on the fish oil process with spray dryer. The effects of 
drying air temperature and additives on energy efficiency, 
energy loss, exergy efficiency and exergy destruction were 
investigated. The energy and exergy efficiencies of the system 
at the drying air temperature of 

were found as between 7.48%-8.54% and 5.25%-7.42%, 
respectively. 

 In many analyses, exergetic improvement seems to be 
directly proportional to the increase in the potential 
temperature. Aviara at al. [4] studied energy and exergy 
analyses of starch drying in a tray dryer to assess the 
performance of the system in terms of energy and exergy 
consumption, losses and efficiencies, at different temperatures. 
The energy efficiency increased from 30% to 40%, and the 
efficiency of the exergy increased linearly, while exergy 
inflow, exergy outflow and exergy loss increased by increasing 
the drying temperature from 40  to 60  

A number of calculation and simulation programs are used 
for designing spray drying process to make it understandable. 
Golman and Julklang [5] explored some recovery systems to 
improve energy use in the spray drying process. For this 
reason, it was predicted that the exhaust gas from the spray 
drier should be passed through the air-to-air exchanger and 
reintroduced into the system. With this method, it was 
envisaged to achieve 6% gain and 50% energy recovery in 
energy efficiency. It was simulated that if the flue gas was 
directly included in the system instead of the air-to-air 
exchanger, it would gain 34% in energy efficiency and 61% in 
energy recovery. Caglayan and Caliskan [6] performed energy, 
exergy and sustainability analyses on spray dryer, air-air heat 
exchanger and overall system for different ambient 
temperatures in ceramic factory. The cooling air obtained from 
the cooling zone of the kilns was exchanged with the flue gas 
obtained from the combustion zone in the air-air heat 
exchanger. The obtained hot air was used as a preheater in 
spray drier. It was determined that the exergy efficiency of the 
heat exchanger was inversely proportional, while the exergy 
efficiencies of the spray dryer and overall system are directly 
proportional to the dead state temperatures. 

 The waste heat recovery systems have been used to 
improve the energy utilization of the spray drying process. As 
a result, energy and exergy efficiencies are increased, and 
energy saving is achieved. 

In this regard, this study differs from the previously 
conducted ones as follows: (i) the effect of energy and exergy 
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efficiency on the proportion of raw materials used in the 
production of two different granule types (wall and ground) 
and their density is investigated, (ii) the variation of the energy 
and exergy efficiencies of spray dryers at different capacities 
are investigated, (iii) this study helps to determine the design 
and optimum configuration of the spray dryers with waste heat 
recovery systems. 

II. SYSTEM DESCRIPTION 

Energy efficiency is an important factor in ceramic sector 
that has many drying processes. In this system, there are two 
kilns for wall tile production and three kilns for ground tile 
production. There are also spray dryers for wall and floor tile 
production. In addition, there are spray dryers with the 
production (granule) capacities of 9000 kg/h and 17700 kg/h 
for wall and ground tile productions, respectively. 
exhaust air (obtained from the cooling zone of the wall tile 
kilns) is increased to 172 by performing heat exchange with 

wall tile kilns at the exchanger. On the other hand, 
exhaust air is obtained from the cooling zone of the ground tile 
dryer. These hot airs from two different furnace types are sent 
to the heat generators of spray dryers. There are air entrances 
from two different parts of dryers. The primary air is called as 
combustion air, and secondary air is named to be transport air. 
The natural gas and primary air enter to the combustion 
chamber of the heat generator and a chemical reaction occurs; 
while the temperature is increased above 1  The hot air 
generated by the combustion is transported to the drying zone 
by means of secondary air. A heat exchange happens between 
the primary and secondary airs during this transportation. For 
the wall and ground tile dryers, the total drying air (primary 
and seconder airs) temperature reaches 600  and 55
respectively. The mud sprayed by the nozzles (located on the 
ring mounted on the lower part of the spray dryer) exchanges 
heat with the hot air stream. The water on the mud is 
evaporated and becomes granule. The schematic layout of the 
spray dryers with waste heat recovery systems is shown in 
Figure 1. 

Some of the assumptions: (i) The system is in a steady state 
condition. (ii) The combustion reaction is complete 
combustion. (iii) The kinetic and potential energies and fan 
pump powers are neglected. (iv) The dead state (reference) 

and contents of the materials are listed in Table 1. 
The air/fuel ratio for combustion reaction is calculated as 

follows [7, 8]; 

 

     (1) 

 

 
Figure 1: The schematic layout of the spray dryers with waste 

heat recovery systems 
 

   (2) 

where 26.40). For this ratio, general 

combustion equation can be written as [9]; 

(3) 

III. ANALYSIS 

The general energy balances of the wall and ground tile 
dryers can be written as follows [10-12]: 

       (4) 

 

    (5) 

 

 

922 International Conference on Engineering Technologies (ICENTE'17)

E-ISBN: 978-605-67535-4-1 Konya, Turkey, December 7-9, 2017

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________



 

 

 
Table 1: Data of the inlet and outlet materials of the wall and ground tile 

dryers. 

Components 
State 
no. 

Fluid type 
Mass flow 
rate (kg/s) 

Temperature 
T (K) 

Wall tile 
dryer 

1 
Dry materials 
of slurry 

8930 318.75 

2 
Water in 
slurry 

5023.13 318.75 

3 
Cooling air of  
wall tile kilns 

35871.52 445.15 

4 
Fuel (natural 
gas) 

262.28 306.15 

5 Masse (dry) 8930 321.15 

6 Humid masse 570 321.15 

7 Water vapor 4453.13 369.15 

8 
Combustion 
flue gas 

11212.28 369.15 

9 Other flue gas 24921.52 369.15 

Ground tile 
dryer 

10 
Dry materials 
of slurry 

16638 318.45 

11 
Water in 
slurry 

9358.88 318.45 

12 
Cooling air of  
ground tile 
kilns 

64521 450.15 

13 
Fuel (natural 
gas) 

435 306.15 

14 Masse (dry) 16638 324.45 

15 Humid masse 1062 324.45 

16 Water vapor 8296.88 372.15 

17 
Combustion 
flue gas 

1.297 372.15 

18 Other flue gas 64696 372.15 

 
The energy rate of the content of fluid can be determined by 

[8]; 

               (6) 

i ith component. 
The physical energy of all contents can be calculated as; 

             (7) 

where h  is enthalpy. 
The chemical energy of the fuel (natural gas) can be 

determined from [13] 
ch
fuel fuel                (8) 

LHV  
 
 
 
 

 
For wall and ground tile dryers, the energy efficiency can be 

written as follows [14]: 

             (9) 

 

              (10) 

             (11) 

The general exergy balance of the wall and ground tile 
dryers can be written as follows [13]: 

          (12) 

the exergy destruction 

rate and exergy loss rate of the wall tile dryer, respectively. 

     (13) 

the exergy destruction 

rate and exergy loss rate of ground tile dryer, respectively. 
 The exergy loss rate can be calculated by [15]; 

     (14) 

 

The exergy rate of the content of fluid can be determined by 
[15]; 

             (15) 

the physical and chemical 
exergy rates, respectively. 
The general physical exergy rate is calculated as [8]; 

         (16) 

w s 0  

Physical exergy of gases is determined by [16]; 

     (17) 

where p R
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For physical exergy of solid bodies and liquids [16]; 

  (18) 

 

For gas mixture, the specific chemical exergy can be 

calculated as follows [8, 12]; 

     (19) 

where specific molar chemical 

exergy an  
For fuel (natural gas), the total chemical exergy is found 

from [8, 15]; 

 (20) 

7]; 

                (21) 

              (22) 

              (23) 

IV. RESULT AND DISCUSSION 

Energy and exergy analyses are performed to wall and 
ground tile dryers in a ceramic factor, while environment 
temperature is . The Energy analysis results of the wall 
and ground tile dryer are tabulated in Table 2. The total energy 
input, output and loss rates of the wall tile dryer are calculated 
to be 10609.73 kW, 5588.92 kW and 5020.81 kW, 
respectively; while corresponding values are found to be 
18748.57 kW, 4921.79 kW and 8566.59 kW for the ground 
tile dryer, respectively. Furthermore, the energy efficiencies of 
the wall and ground tile dryers are calculated to be 7.9% and 
8.4%, respectively. 

Exergy is defined as the maximum amount of work that can 
be produced by the flow of matter and energy, while becoming 
equilibrium with the environment. It is used as an effective 
method for the design and analysis of energy systems. The 
exergy analysis results of the wall and ground tile dryers are 
tabulated in Table 3. 

According to the exergy analysis; the exergy input, output, 

loss and destruction rates are found to be 5268.01 kW, 2178.40 

kW, 2191.95 kW and 897.67 kW, respectively; while these 

corresponding values are calculated to be 9123.71 kW, 3987.96 

kW, 3604.14 kW and 1531.61 kW for the ground tile dryer, 

respectively. The exergy efficiency of the wall tile dryer is 

calculated to be 27%, while this value is determined to be 

28.63%. 

Table 2: Energy analysis results of the wall and ground tile dryer. 

Fluid type 
State 
no. 

Wall tile 
dryer 

State 
no. 

Ground tile 
dryer 

Dry materials of 
slurry (kW) 

1 614.02 10 1142.94 

Water in slurry 
(kW) 

2 1868.42 11 3476.23 

Cooling air of  
wall tile kilns 
(kW) 

3 4657.63 12 8374.84 

Fuel (natural 
gas) (kW) 

4 3469.66 13 5754.56 

Total energy 
input (kW) 

- 10609.73 - 18748.57 

Masse (dry) 
(kW)  

5 623.38 14 1176.74 

Humid masse 
(kW) 

6 213.67 15 402.28 

Water vapor 
(kW) 

7 864.40 16 1623.61 

Combustion 
flue gas (kW) 

8 1240.74 17 2057.59 

Other flue gas 
(kW) 

9 2646.73 18 4921.76 

Total energy 
output (kW) 

- 5588.92 - 10181.97 

Desired output 
energy (kW) 

- 837.04 - 1579.02 

Energy loss 
(kW) 

- 5020.81 - 8566.59 

Energy 
efficiency (%) 

- 7.9 - 8.4 

V. CONCLUSION 

In this study, energy and exergy analyses are performed to 
the wall and ground tile dryers. The energy and exergy results 
of the dryers are compared. It is found that the energy 
efficiency of the wall tile dryer is 7.9%, while this values is 
found as 8.4% for the ground tile dryer. There is more energy 
loss in the wall tile dryer when the dryer's capacity and 
consumed energy are considered. Likewise, when compared to 
exergy efficiency; the efficiency of the wall tile dryer is lower 
than ground tile dryer. In general, there are considerable losses 
of energy and exergy in the system. So, the insulation of the 
dryers should be renewed or tightened to prevent heat losses. 
The combustion chambers of the dryers can be renewed or 
designs can be changed. By moving the combustion chambers 
upwards, the dryer air pipes of 12 meters (in length) can be 

-
be used in the mud heating, building heating or water heating. 
In this way, the efficiency of spray containers can be 
improved. 
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Table 3: Exergy analysis results of the wall and ground tile dryer. 

Fluid type 
State 
no. 

Wall tile 
dryer 

State 
no. 

Ground 
tile dryer 

Dry materials of 
slurry (kW) 

1 1393.21 10 
2595.68 

Water in slurry (kW) 2 72.07 11 134.06 
Cooling air of  wall 
tile kilns (kW) 

3 267.17 12 
522.26 

Fuel (natural gas) 
(kW) 

4 3535.56 13 
5871.70 

Total energy input 
(kW)  

5268.01 
 

9123.71 

Masse (dry) (kW)  5 1394.87 14 
2596.91 

Humid masse (kW) 6 8.75 15 
15.64 

Water vapor (kW) 7 672.57 16 1246.17 
Combustion flue gas 
(kW) 

8 30.72 17 
38.87 

Other flue gas (kW) 9 71.48 18 90.37 
Total exergy output 
(kW)  

2178.40 
 

3987.96 

Desired output exergy 
(kW)  

1403.62 
 

2612.54 

Exergy loss (kW) 2191.95 3604.14 

Exergy destruction 
(kW)  

897.67 
 

1531.61 

Exergy efficiency (%) 
 

27 
 

28.63 
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Abstract - In the most of cars wax type thermostats have been 
used in the engine cooling system. Thermostats shorten the engine 
warm-up time and improve engine performance by regulating the 
engine temperature. There has not been enough work in the 
literature. In this study, therefore, smart cooling system with3 
way valve and wax type thermostats with wide use have been 
investigated for negative and positive effects on engine efficiency. 
In the study, the cooling system performance of a gasoline engine 
was examined according to 3 different conditions. First state, with 
wax type thermostat in various speeds and loads and second state, 
second without wax type thermostat in various speeds and loads 
and in the third state the mechanical thermostat was disassembled 
on the engine and replaced with a 3-way valve. However, a 
conventional proportional integral (PI) controller is designed to 
control the output temperature of the engine and the radiator 
outlet temperature. This controller regulates intelligent valve 
operations. The controller parameters are Kc and T. According to 
the results obtained, using the thermostat, warm-up time is 
shortened and fuel consumption is reduced. In addition, the 
pressure and temperature oscillations of the cooling fluid passing 
through the engine have increased sharply. Compared to the 
controlled and with thermostat engine cooling system results, a 
reduction of up to 4.33% in fuel consumption is achieved. The 
warm-up period decreased by at least 6.25% and maximum 
18.84% in controlled cooling. 

 
Keywords  Smart engine cooling system, Wax-type thermostat, 

Warm-up, Fuel consumption  
 

I. INTRODUCTION 

N a vehicle engine, the starting and the warm-up periods are 
considered as critical time duration. Because in this time 

period, pollutant emissions and fuel consumption are higher 
than in other cases. For this reason, the reduction of the warm-
up period is an important need. However, the engine warm-up 
time is closely related to the different techniques that can be 
applied on engine design, cooling fluid flow and temperature. 

Compared with conventional engine components, the 
cooling system temperature monitoring can be improved and 
the parasitic losses can be reduced with computer controlled 

servo motor driven actuators. In a study, the control of the 
engine coolant temperature was investigated by controlling the 
radiator fan and a hydraulic cooling pump. This controller 
monitored the power consumption of the radiator fan and 
cooling fluid pump [1]. 

Numerous experiments have been carried out to compare 
the results on the thermostat and to find the optimum operating 
conditions in the cooling system. For example, electric double-
sided valve, electric three-way valve, wax-type thermostat and 
no thermostat test were carried out respectively and the 
duration of the engine warm-up was investigated. Thermostat 
analyzes were performed with Fluent-CFD. The pressure 
contour, velocity contour and distributions of temperature 
were presented by simulation of the circulating coolant at 
thermostat [2]. 

The use of mechatronic components in thermal management 
systems is a promising technique for implementing real-time 
control strategies to improve engine performance. In this case, 
the servo-motor valve and pump can be used in the automotive 
cooling system to regulate the fluid flow. Thus, it is possible to 
examine these two actuators. In this thermal system, a model 
consisting of a heater, a radiator, a variable speed electric 
pump and smart thermostat is created to describe the behavior 
of the system. [3]. In addition to these studies, the effects of 
different cooling system configurations on the heating duration 
have been investigated. Cooling system models have been 
made, some changes for the engine cooling system have been 
simulated. Here, the optimal situation was chosen to control 
the reduction during warm-up, to analyze the benefits provided 
for fuel consumption and pollutant emissions. As a result, the 
duration of warm-up was reduced by 159 seconds with 
experiments, and both fuel consumption and significant 
reductions in pollutant emissions were achieved [4].  

Regarding emissions, similar studies can be found. Engine 
performance, combustion characteristics and exhaust gas 
emissions produced under various operating conditions for a 
two-fuel (gasoline and CNG) engine with spark ignition have 
been investigated. In the tests conducted, emission values such 
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as THC, CO, CO2 and NOx and brake specific fuel 
consumption, heat release rate, fuel conversion efficiency, 
cylinder pressures and exhaust pollutant emissions were 
measured for both gasoline and CNG with both conventional 
and active engine cooling systems. This comparison resulted in 
low brake specific fuel consumption (3.53-5.82%) for both 
gasoline and CNG. Significant changes in NOx emissions have 
not been achieved. However, low THC, CO2 and CO 
emissions have been observed in active engine thermal 
management [5]. An analytical study of the pressure drop in a 
channel with a boiling flow for a different situation has been 
carried out and the effect of surface heat flux and flow velocity 
on total pressure drop has been investigated [6]. A lot of topics 
consisted heat transfer at radiator. Heat transfer at water 
jacket, under hood air flow and numerical modelling of engine 
cooling system were major topics [7].  

 

II. EXPERIMENTAL SETUP AND TEST PROCEDURE 

Experimental tests were carried out for three different 
situations on the engine test system. These situations: 1. 
Cooling system without thermostat, 2. Cooling system with 
wax-type thermostat, 3. Cooling system with control 3-way 
valve system. To test the performance of the cooling system, 
the test engine was tested for 15 minutes at 8 different speeds 
and loads. Tests 1 has been carried out without thermostat and 
test 2 has been carried out any change in the engine mechanics. 
In Test 3, experiments were carried out using only a 3-way 
valve that can be replaced by removing the mechanical 
thermostat. The data for all experiments are shown in Table 1.   
 

 
Table 1. Engine speed and load information of 8 different 

experiments. 

Test 
number 

Engine speed 
(RPM) 

Load (%) Indicated by 

 No. 1 1500 15 Red 
No. 2 2000 15 Orange  
No. 3 2500 15 Green  
No. 4 3000 15 Brown  
No. 5 1500 30 Black  
No. 6 2000 30 Blue  
No. 7 2500 30 Violet 
No. 8 3000 30 Gray 

 
Experiments have been made use of the specially prepared 
Labview program to provide control over the throttle. With 
this program, the engine speed is constantly read and the speed 
is obtained by adjusting the angle of the throttle valve 
according to the manually entered value. The test setup 
consists of a gasoline engine, a control panel, a hydraulic 
dynamometer, measuring instruments, controllers and actuator 
equipment. 

The technical specifications of the test engine, the detailed 
test setup are presented in Table 2 and Figure 1, respectively. 

                                   
 

Table 2. Specifications of test set up engine. 

 
 
In this study, the cooling system in the present experimental 

apparatus is rearranged as shown in Figure 1 and 2. For the 
third state tests, the control mechanism of the controlled 3-way 
valve was established. In regulation, the existing thermostat 
was replaced by a control valve. In addition, a new system has 
been designed by placing the relevant sensors at the point to be 
measured. A controlled stepper motor is used to open and 
close the valve.  The valve actuator has been replaced by an 
electric piston to perform the quick opening and closing 
operation. The valve can be opened and closed in a short time 
(approx. 2 sec). The engine revolution is determined by the 
engine temperatures at 4 points (at the radiator outlet, at the 
engine inlet, at the controlled valve inlet and at the control 
valve output). Parameters such as the flow rate of the 
mechanical pump fluid, the engine charge temperature, the 
open speed of the controlled valve, the reference temperature 
of the radiator output, the minimum and maximum temperature 
are regarded as control input parameters. 

 

Figure 1: A picture of the laboratory test setup 

 
The engine cooling system of the experimental study is 

shown in Fig. 2. Before the tests, the temperature of the test 
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engine and its components is equal to the ambient temperature. 
In addition, some hardware (sensors and measuring 
instruments, actuators, mechanical systems) and software 
(throttle valve control, evaluating data recording card of 
engine) equipment is required to keep the cooling system in 
check. A screenshot of the Labview software is shown in 
Figure 3. 
 

 
Figure 2:  A schematic view of the desired experimental set up 

 
 

 
Figure 3: A shot screen of the designed program in Labview 

 
With this program, torque, speed, fuel consumption, intake 

air flow, temperature changes and exhaust emission values are 
measured and recorded. The hydraulic dynamometer is used to 
simulate the actual operating condition of the engine in 
classical refrigeration systems at different loads (15%, 30%). 

was also used. High-precision fuel measure cysts (DFL3x-
5bar) were used to measure fuel consumption. All experiments 
were carried out for 900 s. Experimental measurements were 

 

III. ANALYSIS 

The effective parameters of the thermostat operation can be 
classified as follows: 1. Opening temperature, full opening 
temperature and maximum opening direction, 2. Thermostat 
water leakage, 3. Resistance, durability and strength at high 
and low temperatures, 4. Hysteresis and response time. This 
last condition is influential on engine warm-up time, engine 
emissions and fuel consumption. Taking the time constant 
factor for the reaction time of the thermostat, it is calculated as 
follows. For example, the minimum course value of zero is 
given to L1 and maximum course value to L2. Opening amount 
of thermostat course over the optional time is given to Lx and 
optional time to x (amount of this optional time should be 
between zero and the time duration of the full opening of the 
thermostat) and so time constant factor (T) can be obtained by 
calculating the (1). 

 

                                                (1) 
 
where T is time constant factor. If this factor is found, the 

amount of opening of the thermostat for 1T, 2T, 3T hours can 
easily be obtained. 
(x=T), we have equation (2). 

 

            (2) 
 
In this case, the thermostat opens 0.63 of the maximum 

amount of opening in the first "time constant".  
The response time of the thermostat is very important when 

the engine is operating under different conditions and the 
temperature of the cooling fluid changes instantaneously at 
various loads and speeds. Thus, when the temperature changes 
from T1 to T2, the thermostat must change from L1 to L2 in 
motion. However, in wax thermostats, despite the sudden 
change in temperature, the movement does not change 
immediately and the late response of the thermostat is 
perceived as the actual response time of the thermostat. 
However, with a controlled valve this effect can be eliminated. 

IV. CONTROL STRATEGY FOR COOLANT FLOW TEMPERATURE 

A classical proportional integral (PI) controller is designed 
to control outlet temperature of the engine and outlet 
temperature of the radiator. This controller regulates valve 
operations. The valve opening position are given in the 
compact form as where  is initial input in equation (3). 

 

 
 

The proportional, Kc and integral T gains are positive 
constants. Pattern search optimization algorithm which is 
utilized for selecting the optimal values of the proportional, 
Kc, and integral, T, gains parameters [8]. In this study, tracking 
norm error is defined as the objective function and 100 
iterations were performed to obtain the optimal values of the 
controller parameters. The proposed strategy has been tested 
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with experiments in the engine test bed. The engine load, the 
engine speed, the fuel flow and the coolant pressure variables, 
the cooling fluid engine inlet and outlet temperatures for the 
without thermostat case are stored. Unknown Qe and Qr 
variables are estimated. The flow rate of the cooling fluid was 
then calculated and sent to the 3-way valve controllers. The 
controller block diagram is given Figure 4. 

 
Figure 4: Controller block diagram 

V. RESULTS AND DISCUSSION 

To analyze the effects of the with thermostat, without 
thermostat and with 3-way valve on the cooling system and 
engine performance, the fuel consumption, warm-up time and 
cooling fluid temperature vibrations have been examined. In 
t
without thermostat cases" and 3-way controlled valve system 
case. 

 

A. Cooling system without thermostat. 

First, the changes in fuel consumption, which is the basic 
parameter, are measured. The results obtained from a total of 8 
different experiments for the condition without thermostat are 
given in Figure 5. 

 

 
Figure 5: Fuel consumption in the state without thermostat 

 
According to Figure5, except to No.8, the fuel consumption 

is maximum in the warm-up period and it falls after this warm-
up period. However, high fuel consumption is a negative 
situation both in terms of economic and emissions. In 
experiment No. 8 (n = 3000 rpm - load = 30%) the engine is 
operating at maximum engine speed and load, so the warm-up 

is very short and therefore the effect on fuel consumption is 
clearly visible. When figure 5 is examined, it is understood 
that fuel consumption increases as engine speed and load 
increase in experiments. At 15% load, the average fuel 
consumption increased by 1.36% for every 500 speed 
increments. This showed an increase of 1.58% for 30% load. 
In constants speeds, with a load increase from 15% to 30%, 
average fuel consumption increases by 1.38%. 

Another aspect that is examined in the cooling system 
experiments is the behavior of the temperature change during 
the test. In these experiments, the temperature of the coolant 
fluid was measured at four different points (engine inlets and 
outlets, radiator outlets and bypass outlets). The results 
obtained from experiments are presented in Figure 6. With the 
engine operated, the first 600 seconds of the engine is defined 
as the warm-up time. During this time the temperature is 
constantly increasing and is fixed at 75-95 C degree band. 
When the temperature r
balanced by the fan operation. Because this experiment is 
carried out for a without thermostat situation, the four 
temperature results are similar and close to each other. In 
Figure 7, when the bypass temperature for all tests is taken into 
account, it is seen that as the engine speed and load increase, 
the warm-up time decreases rapidly. 

 

 
Figure 6: Temperature variations for  

 

 
Figure 7  
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B. Cooling system with wax-type thermostat 

In this test case, the effect on the engine cooling system was 
investigated by attaching a mechanical thermostat with 
working temperature 8 . The results obtained from a total of 
8 different experiments for the condition with wax-type 
thermostat are given in Figure 8. As seems Figure 8, fuel flow 
rate is much higher in the warm-up period and decreases after 
the engine is warmed up like previous system. Compared to 
the two cases, the use of a mechanical thermostat in the 
cooling system has been shown to have a great influence on 
the reduction of fuel consumption. 

 

 
Figure 8  

  
In Figure 9, the temperature of the coolant fluid was 

measured at four different points (engine inlets and outlets, 
radiator outlets and bypass outlets). Because of the thermostat, 
the behaviors of the engine and radiator outlet temperatures 
are different according to the condition without thermostat. 
The engine outlet temperature curve was steady until the 
thermostat was opened and showed similar behavior by 
approaching the bypass temperature after first opening. 

 

 
 Figure 9 experiments 

 

It has been shown in Figure 10 that the engine warm-up time 
depends on engine speed and load. This time was 400 seconds 
in the first test No.1 but 100 seconds in the last test No.8. In 

the wax-type thermostat cooling system, the bypass 
tempera  In the without 

disadvantage of the high amplitude thermostat. By comparing 
the obtained results for all 8 experiments over warm-up period, 
it was observed that, thermostat installation cause to a 
reduction of the warm-up period between minimum of 40.8% 
and maximum of 66.32% for test number 1 and 3 respectively. 

  
Figure 10:  

 
The variation of the engine inlet temperature, which is very 

variable in the conventional cooling system. At the first 
thermostat opening, curve oscillation wide is about 
Fluctuations in temperature can be a negative effect on fuel 
consumption. The engine outlet temperature temperature has a 
constant value before the thermostat opening. This temperature 
has a high increase with the opening of the thermostat and then 
it showed a swinging behavior at high temperature by opening 
/closing the thermostat. In this curve, it is observed that, how 
the warm- up period reduces with an increase in speed and 
load. 

 

C. Control valve system configuration 

Since there are a large number of graphs obtained for each 
experiment, only 6. test (n = 2500 - 30%) is presented as 
graphs and compared to the results of the 
case experiments. These results show that the control system is 
compared with the classical system (with thermostat). In 
Figure 11, in the fuel consumption curve of the controlled 
system, the values of fuel consumption are close to each other 
due to the use of a different energy source rather than the 
battery used as the energy source of the fan. According to the 
results, in all eight experiments the engine in the conventional 
cooling system consumes excess fuel. The reason is that the 
mechanical pump is often designed for critical conditions and 
therefore the flow rate is too high. The controlled cooling 
system saves fuel consumption by a minimum of 1.3% and a 
maximum of 4.35% compared to the conventional system. 
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Figure 11: - controlled system  

Figure 12 shows the temperature changes at four different 
points of the engine of the 6th experiment. All three 
temperatures follow a steady state after the three fluctuations 
seen after the first opening of the controlled valve.  
 

 
Figure 12: The temperature of the coolant fluid at 4 different points 

 
In Figure 13, the curves of by-pass temperature are plotted 

in the classical and controlled conditions for the sixth 
experiment respectively. In a controlled system, the duration of 
warm-up of the engine is reduced when compared with the 
conventional system. The temperature and the duration in the 
unstable structural region until the temperature reached the 
stable structure showed a further decrease in the controlled 
system.  

 

 
Figure 13: Bypass temperature with thermostat"-"controlled system" 

 
In addition, the radiator output temperature remains constant 

in the controlled system until the end of the warm-up period 
until the end of the test, but this temperature is increasing due 

to the non-optimum operation of the fan in the conventional 
system. Reduced warm-up time can reduce fuel consumption. 
For all eight experiments, the results of warm-up times in both 
cases (classic and controlled) were obtained. According to the 
results, in all controlled experiments, there was a serious 
decrease in the warm-up period. In controlled experiments a 
maximum reduction of 19% and a minimum of 6.2% was 
achieved during warm-up time. 

VI. CONCLUSION 

In this experimental study, the effects of thermostat and 
smart cooling system have been analyzed in the system in three 
states. These situations; 1. with thermostat, 2. without 
thermostat, 3. With3-way controlled valve. A conclusion 
section is not required. More fuel consumption in the warm-up 
period than steady state condition was observed in all tests. 
For every 500 rpm increase in speed, fuel consumption 
increases in average 1.36% and 1.58% for constant loads of 
15% and 30% respectively. In constant engine speeds, with an 
increase in the load from 15% to 30%, average fuel 
consumption increases about 1.38%. In the case of "without 
thermostat", the temperature differences between the engine 
inlet, outlet, bypass outlet and radiator outlet cooling fluid are 
close to each other. On the other hand, in the "thermostat" 
case, these four temperature curves were completely different 
and the temperature difference at these points was very high. 
In addition, release behavior was observed at the cooling fluid 
temperature. This can be explained as a major disadvantage of 
using a thermostat. By adding a thermostat to the cooling 
system, a reduction of about 40.8% to 66.32% was achieved 
for No.1 and No.3 in the warm-up period. In the case of "with 

engine inlet temperature, which is described as a negative 
condition for engine cooling system performance. Compared 
to the results of the controlled and with thermostat state engine 
cooling system operation, fuel consumption is reduced in all 
eight experiments, which is a minimum of 1.19% and a 
maximum of 4.33%. The warm-up time decreased by a 
minimum of 6.25% and a maximum of 18.84% in controlled 
cooling.  
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Abstract - In this study, the effect of turbulence intensity (1%, 
5%, 10%) on heat transfer coefficient is investigated for constant 
value of Reynolds number (Re = 15,000) jet-to-plate distance (Zn/d 
= 4) and jet-to-jet pitch (Xn/d = 4, Yn/d = 4)). To provide 
turbulence model validation, the effect of different turbulence 
models is also simulated. The results are compared with 
experimental results obtained from literature in similar 
parameters.  
 
Keywords  CFD, Impinging jet, heat transfer, turbulence intensity, 
array jet. 

I. INTRODUCTION 

The work to improve the magnitude of heat transfer in heating 
and cooling applications has been ongoing for many years. As 
it can be applied in heating systems, cooling systems and 
drying systems, a small improvement in heat transfer will be 
great in this sense. One of the main types of heat transfer 
processes is pulsed jet applications. Many studies in this area 
have focused on single jet applications. For this reason, it is 
possible to find sufficient research on single jets. At the same 
time, there are some experimental and numerical studies on 
various influences; however, efforts to assess the intensity of 
the input turbulence are very rare. When evaluating numerical 
studies in this area, multiple nozzles provide more 
homogeneous and even heat transfer compared to individual 
nozzles [1]. In addition, they are among the important topics of 
study in terms of being more economical than other heating 
and cooling systems. The drying of textiles and paper 
products, the shaping and tempering of glass, the protection of 
aircraft wings against icing, the cooling of turbine blades and 
electrical and electronic devices are areas where jets are 
applied [3-5]. Since insufficient research has been done in this 
regard, we must examine such numerical work to understand 
the effect of turbulence density and different turbulence 
models on the size of heat transfer. 
 
In co-authors  previous work [6], the influence of the 
turbulence density for low jet-to-jet pitch ratio (Xn/d = 2, Yn/d 
= 2) and jet-to-plate ratio (Zn/d = 2) was examined. It was 
already seen that, the turbulence intensity has negligible effect  
 

 

on heat transfer behavior for the conditions considered. In this 
study numerical investigation has been done for higher jet-to-
jet dimensionless distance Xn/d = Yn/d = 4, jet-to-plate distance 
(Zn/d = 4). 

II. MATHEMATICAL MODEL AND GOVERNING 
EQUATIONS 

In present numerical study, the flowing fluid is assumed to be 
air, which is considered to be incompressible and has  
temperature, 1 atm pressure. The commercial computational 
fluid dynamics software code CFX is used for the simulations. 
During the simulation, the basic momentum, continuity, energy 
and turbulence model equations are solved.  
 
The Reynolds average Navier-Stokes equation (1) which is the 
momentum equation used in the solution is three-dimensional 
in Cartesian coordinates as follows: 

 j = 1, 2, 3             (1)  

Where p, , ,  and  represent the pressure, velocity, 

dynamic viscosity, turbulent dynamic viscosity and density 
respectively. 
 
The continuity equation is expressed as follows     

                             (2) 

 
Turbulent Prandl number and energy equation can be 
expressed as  

                      (3) 

            (4)  

where Cp, T, k and kt are specific heat, wall temperature, 
thermal conductivity and turbulent thermal conductivity 
respectively.  
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Two equation k-w turbulence model is used. K-w turbulence  
model consists of two equations which is kinetic energy and 
specific dissipation rate. Kinetic energy equation can be 
defined as follow: 
 

    (5) 

 
and specific dissipation rate can be defined as: 
 

 (6) 

 
The constants: 
 

=5/9, =3/40, = 9/100,  =1/2,  = 1/2, =  

T =  

 
The average Nusselt number (Nuave) and average Nusselt 
number for row region (Nurowave) are the extracted results and 
found as follow: 
 

                    (7) 

 

                 (8)  

III. NUMERICAL ANALYSIS 

The model considered for the multiple jet impingement is 
shown in Fig.1a. As can be seen from the figure, the jets are 
arranged horizontally on the orifice plate along the x- direction 
and vertically along the y- direction. The z- direction 
represents the direction of impinging. Orifice and target plate 
dimensions are equal to each other (20 mm x 40 mm); jet 
diameter (d) is 2 mm. The dimensionless jet-to-jet distances in 
horizontal and vertical directions are represented as Xn/d and 
Yn/d having equal values; Xn/d = Yn/d = 4. Also dimensionless 
orifice plate-to-target plate distance is Zn/d = 4. 
 
As shown in Fig. 1b the flow domain consists of velocity inlet, 
pressure outlet, adiabatic wall, target plate with constant heat 
flux boundary condition. The velocity boundary condition is 
used at the inlet, it is determined by the fixed Reynolds 
number (15,000). Pressure outlet boundary condition has been 
taken for exit and also relative pressure is taken as 0. On the 
target plate constant heat flux boundary condition is used 
(9000 W/m2). Solutions have been done for steady-state 
conditions with 500 iterations number, 10-6 convergence 
criterion.  

 
Figure 1: a) Local area average zone b) Flow domain 

 

  
Figure 2: Mesh Structure 

 
In numerical analysis, it is preferable to increase the elements  
size in order to increase the mesh accuracy, but on the other  
hand, increasing of element size is an undesirable situation as 
it increases the solution process. Mesh structure can be seen 
from Fig. 2. As seen from the figure two different elements 
sizes were tested for mesh accuracy; one of which consists of 
4294021elements and the other is 3221243. 
 
According to Fig. 3 by using the k-  turbulence model and Re 
is equal to 16,130 then the mesh accuracy is provided for the 
4,294,021 elements and 3,221,243 elements. Related mesh 
accuracy compared to Ref. [1]. With this conditions 1% error 

margin occur between both element sizes which can be 
considered as a reasonable error margin; so for the remaining 
solutions 3,221,243 elements were used. 
 

 
Figure 3: Mesh accuracy for Xn/d = 2, Zn/d =2 
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Figure 4: Model accuracy for Xn/d = 2, Zn/d =2 

 
The accuracy of the numerical data obtained for verification of 
the turbulence model compared with the experimental study 
[1] which was taken as reference (Fig. 4). The comparison was 
made by taking the stream wise row average Nusselt numbers 
(Nurowave) which accounted for row region shown in Fig. 1a.  
Although the results of the k-
each other, the values closest to the experimental data is 
belonging to the k-  In this sense, the k-  
model was used for all the remaining numerical solutions.  
 

Figure 5: Comparison of different turbulence intensity 
 
As seen from Fig. 6a our previous study Ref. [6] for related 
conditions (Xn/d =Yn/d =2, Zn/d =2, Re = 15,000) stagnation 
point effect is not clear and flow is like a channel flow; so 
turbulence intensity effect can not be seen.  On the other hands 
in present study stagnation point effect can be observed clearly 
and also difference between inlet turbulence intensity effects 
can be observed at stagnation points. Only a slight increase of 
Nusselt number can observed at the stagnation zones for high 
inlet turbulence intensity for related conditions.  

 
IV. Conclusion 

In this study, 1%, 5%, 10% turbulence intensity values were 
tested at the inlet to see the effect of different turbulence 
intensity on heat transfer. Numerical solution is performed for 
dimensionless distance between jets Xn/d = Yn/d = 4, Zn/d = 4 
and Re = 15,000. For Ref. [1], Reynolds number is 16,550, so 
related data is higher than present study. As shown in Fig.5 at 
the outside of the stagnation points the influence of inlet 
turbulence intensity is negligible for related conditions Xn/d 
=Yn/d = 4, Zn/d =4 and Re = 15,000.  

 
As seen from Fig. 6b for higher inlet turbulence intensity i.e. 
%5 and %10 Nusselt number higher than inlet turbulence 
intensity of %1. As a result we can say that for low jet-to-jet 
distances the effect of inlet turbulence intensity is negligible 
because for this condition stagnation point and channel flow 
effect are not observed; but for higher jet-to-jet distances, 
especially at stagnation point inlet turbulence intensity may 
effects average heat transfer value. 

Figure 6 a) Ref. [6], b) Present study
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Abstract - Water jacketed cooling process is commonly used in 
internal combustion (IC) engines. On the other hand, this type of 
cooling process is also observed in the heat exchanger 
applications for different industries such as refrigeration, 
chemical and food industries etc. In general, stirrer(s) were added 
to these heat exchangers to enhance the heat transfer rates. In this 
paper, a jacketed heat exchanger with a stirrer was selected for 
the experimental study. The aim of this study is to investigate the 
effects of inlet temperature value, the rotational velocity of a 
stirrer and the mass flow rate on the thermal performance of the 
heat exchanger. For this purpose, the process time was 
determined to evaluate the getting desirable heat transfer rate for 
different cases. According to the main results, the rotational 
velocity of stirrer had a great effect on the thermal performance 
of heat exchanger during the experiments and selected higher 
mass flow rate and inlet temperature values combined with a 
running stirrer, the heating process time was decreased 
remarkably. 

 
Keywords - Water jacketed heat exchanger, rotational velocity, 

stirrer. 

I. INTRODUCTION 

ATER jacketed cooling process plays an important role 
in heat rejection of internal combustion engines. The 

maximum temperature value is limited by the properties of the 
cooling water [1-6]. The heat transfer from internal 
combustion engines with using water jacket is used in heating 
process of vehicle cabin interior. Another application is 
frequently used in chemical industries to perform various 
operations such as mixing of liquids and mass transfer between 
two fluids [7-10]. Water jacket can be used for both cooling 
and heating process in stirred tanks unlike the IC engine 
applications. The thermal performance of a water jacketed heat 
exchanger with a stirrer can be evaluated in two different 
categories named as design and process parameters (sizing and 
rating parameters) [11]. We evaluated the thermal performance 
of a water jacketed heat exchanger with a stirrer considering 
only process parameters. The main parts of these heat 
exchangers in general are jacketed tank, stirrer(s) and the 
baffles. The tanks often have a vertical cylindrical geometry 
but the geometry sometimes had a square or a rectangular 
cross section. The stirrer usually consists of an electrical 
motor, shaft and one or more impellers. The employment of 
baffles in stirred tanks has several functions such as disturb or 
redirect  

 
 
the flow. The most commonly used type of baffle is wall baffle 
attached to the cylindrical wall [12].  

The main design parameters affect the thermal performance 
and the process time of these heat exchanger are the 
dimensions of the tank, distance between the impeller edge and 
the flat bottom of the tank, the geometrical type of baffles, the 
location of the stirrer(s) and the number of the impellers, and 
the thickness of the wall etc. On the other hand, the process 
parameters such as the rotational velocity of the stirrer, the 
mass flow rate, the temperature difference between hot and 
cold fluids separated by wall had also great effect on the 
thermal performance of these type of heat exchangers [12, 13]. 
In this study, water jacketed tank with a stirrer was 
experimentally investigated for different process parameters. 
All experiments performed for getting desirable heat transfer 
rate under different conditions so that the influence of these 
parameters can be evaluated. 

II. MATERIALS AND METHODS 

In the experimental study, heat exchanger unit was the 
GUNT WL 110.04 model. Water was used for both jacket and 
tank sides and the outer surface of the water tank was insulated 
and assumed as adiabatic so that heat transfer was only 
occurred between the two fluids through the wall of the water 
tank. In jacket side, hot water was circulated by a water pump 
to get a desirable mass flow rate. In tank side, cold water was 
charged to the tank and then at the end of the heating process, 
the water was discharged manually. This process was repeated 
for all cases in experimental studies. The water jacketed heat 
exchanger with a stirrer and the dimensions are shown in 
Figure 1. 
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(a) The water jacketed heat exchanger unit  

 
 (b) The schematic view and the dimensions of the stirred tank 

Figure 1: The water jacketed heat exchanger unit and the 
schematic view of the stirred tank used in the experimental study 

 
All experiments were achieved until the increase in the cold 

water temperature was a constant value so that the effects of 
inlet temperature, mass flow rate and the rotational speed of 
stirrer could be observed.  

The performed all experimental cases and the test conditions 
can be shown in Table 1. In order to better understand the 
factors that affect the heating process time, mass flow rate and 
the inlet temperature value of the hot water increased gradually 
in the experiments. We used two different mass flow rates of 
hot water and the rotational velocity of the stirrer was fixed as 
a value of 34.6 rad/s when it was operated. Measurements 
were carried out by using temperature values of hot water 
ranging from 45  

The process time was recorded when the increase in the 
temperature value of the cold water was reached as a value of 

  
 
Table 1: The performed experimental conditions in this study 

Case No 
Mass flow rate 

(kg/s) 

Inlet 
temperature 
value of hot 

 

Rotational 
velocity of the 
stirrer (rad/s) 

Case-1 0.0225 45 0 
Case-2 0.0225 45 34.6 
Case-3 0.0225 50 0 
Case-4 0.0225 50 34.6 
Case-5 0.0225 55 0 
Case-6 0.0225 55 34.6 
Case-7 0.0225 60 0 
Case-8 0.0225 60 34.6 
Case-9 0.0450 45 0 
Case-10 0.0450 45 34.6 
Case-11 0.0450 50 0 
Case-12 0.0450 50 34.6 
Case-13 0.0450 55 0 
Case-14 0.0450 55 34.6 
Case-15 0.0450 60 0 
Case-16 0.0450 60 34.6 

III. RESULTS AND DISCUSSION 

The comparative results of the heating process time of cold 
water are shown in Figure 2. From these results we can easily 
say that the mass flow rate had great effect on this time and 
becoming more significant when the temperature difference 
between hot and cold water sides were at low levels. For 
instance, comparison of the results of the Case-1 and Case-9, 
the difference in the process time between two cases is 144s 
but this value was calculated about 87 seconds (s) for the 
comparison of the results of Case-7 and Case-15.  The 
minimum heating period was observed 126 s for Case-15 
which had high mass flow rate and the process time decreases 
with the increasing value of hot water inlet temperature. 
 

 
Figure 2: The measured process time for different mass flow rates 

without using a stirrer 

 
The effects of running the stirrer for all cases were shown in 

Figure 3. From the comparison of the results of the Case-1 and 
Case-2, the difference in the process time between two cases 
was 89 s but this value was obtained as 23 s from the results of 
the Case-15 and Case-16 which had higher temperature inlet 
values. As a result, stirrer had great effect on the process time 
when the temperature difference between hot and cold water 
sides were at low levels. From the comparison of the results of 
Case-7 and Case-8 using a stirrer decreases process time about 
80 s although these cases had lower mass flow rates. But, from 
the comparison of the results of Case-15 and Case-16 which 
had high mass flow rates compared to the Case-7 and Case8, 
using a stirrer decrease the process time was obtained as 23 s. 
The minimum heating period among the all cases that using a 
stirrer was achieved for Case-16 and this value was 103 s. The 
selected higher mass flow rate and inlet temperature values 
combined with a running stirrer, the process time was 
decreased remarkably from 485 s to 103 s.   
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Figure 3: The measured process time for all cases 

IV. CONCLUSIONS 

In this paper, we performed an experimental study on the 
thermal performance of a water jacketed heat exchanger with a 
stirrer considering heating process time of cold water in a tank 
side. The main conclusions obtained from this experimental 
study were described below: 

 
 The process time decreases with the increasing value of hot 
water inlet temperature and mass flow rate, in general. 

 
 The heating period was observed 126 s for                    

Case-15 which had not using a stirrer but had high mass 
flow rate and the inlet temperature value. So that, the mass 
flow rate and the inlet temperature value had also great 
effects on the thermal performance of water jacketed heat 
exchanger without using stirrer. 

 
  By using a stirrer in a cold water tank the process time 

was decreased remarkably, especially at low temperature 
levels. When the mass flow rate(0.045 kg/s) and the 
temperature difference (30  between hot and cold water 
sides were at high levels, the stirrer effect can also be 
observed but not as much as the cases which had lower 
mass flow rates and inlet temperature values. 

 
  From the comparative results of the Case-1 and Case-16, 

the selected higher mass flow rate and inlet temperature 
values combined with a running stirrer, the process time 
was decreased remarkably from 485 s to 103 s.   

 
  From the comparison of the results of the Case-1 and 

Case- hot water inlet temperature, the 
process time was reduced by more than 50 percent and this 
value was reduced from 485 s to 213 s without using a 
stirrer.   

 
In future studies, we will plan to investigate the design 

parameters effects on the thermal performance of these type 
heat exchangers by using Computational Fluid Dynamics 
(CFD) Method. 
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Abstract – Industry mostly use induction motors for motion 

of several equipment. Therefore, trouble-free long life 

operation is very important for cost-effective production. 

This paper describes a procedures for executing embedded 

fuzzy logic algorithm. This algorithm is used in an induction 

motor protection system against six different fault 

parameters such as over voltage, over current, winding 

temperature, voltage unbalance, current unbalance and low 

voltage. In this study, the calculations achieved in Matlab 

and results are stored in a file. After this storage and 

arrangement process these values are embedded via a 

matrix in microcontroller. For this purpose, measured 

values such as current, voltage and temperature served as 

matrix index numbers by means of a pre-processing 

operation. So various delay times are easily assigned 

according to the location of fault level in matrix. This 

method is successfully tested in an experimental set-up and 

it shows that it provides sensitive protection. Additionally, 

this new method gave the results in a shorter time with 

reasonable calculation error. 

 
Keywords – Motor protection, fuzzy logic, induction motor, 

motor faults. 

 

I. INTRODUCTION 

nduction motors are the leading actor in point of actuating the 

mechanical parts in industry. This importance requires trouble-

free operation of these motors to prevent the labor losses. Thus, 

monitoring, failure detection and protection improves the reliability 

and availability of an existing system. This avoids the 

instantaneous, whole system failure which can have serious 

consequences. 

Faults in induction motors can be grouped as electrical, 

mechanical and environmental faults and can be listed as follows: 

Electrical faults: Voltage and current related errors are due to 

the over-under values and having unbalance between the supply 

phases. Earth fault, overload and short circuit are another error 

sources. 

Mechanical faults: Unbalance of the mass, air gap eccentricity, 

bearing problems and broken rotor can be cause motor faults. 

Environmental faults: High ambient temperature and moisture 

effects the ability of the motors. Inappropriate installation is also 

yield vibrations and so result in failures. 

Detection of the faults is carried out with different techniques. 

Mechanical failures of induction motors have been diagnosed 

generally with the help of mathematical models and signal 

processing techniques [1-7]. When the error types have nonlinear 

and grift appearance, these methods can be insufficient. Thus, soft 

computing techniques provide superior solutions than classical 

methods in error detection and diagnosis problems. Artificial 

intelligence methods such as neural networks, fuzzy logic, genetic 

algorithms, and their hybrids are useful in this type of problems [8-

11]. 

Commercially sold protection relays and previously proposed 

protection systems are adjusted the time delays constantly without 

considering fault level. When the system sense an error, the motor 

is disconnected from supply without waiting for recovering errors 

or after the constant time delay. This situation can lead disruption 

of the production line. Similarly, if protection system waits too 

long to stop motor in a crucial fault, it causes serious defects. 

The previous works have been focused on a new time-delay 

calculation for stopping induction motor and improves the overall 

detection performance. The protection system is proposed to trip 

the motor in which the time delay is calculated between 0 and 4.5 s 

according to the fault level using the fuzzy logic method [12, 13]. 

These works are carried out by implementing the calculations 

related to the fuzzy logic such as fuzzification, inference 

mechanism and defuzzification. In this paper, these calculations 

achieved in Matlab and results are stored in a file. After this 

storage and arrangement process these values are embedded via a 

matrix in microcontroller. For this purpose, measured values such 

as current, voltage and temperature served as matrix index numbers 

by means of a pre-processing operation. Through the agency of this 

method, various delay times are easily assigned according to the 

location of fault level in matrix. 

 

II. INTERESTED MOTOR FAULTS 

The proposed system is considered the following electrical 

fault indications and their effects are mentioned with the 

[14, 15] works. 

 Over Voltage: At 110 percent voltage was 

considered as over voltage fault.  Over voltage 

cause increasing the eddy current heating of rotor 

and impress the winding insulation. 

 Low Voltage: At 90 percent voltage was 

considered as low voltage fault. Low voltage 

causes the developed torque to reduce. This results 

in greater slip proportionally to the square of the 

voltage drop and a reduction in speed. As a result, 

the motor will be running slower with a lower 

output and the motor tries to reduce the slip by 

drawing more current. This overloads the motor 

and can cause overheating.  

 Voltage Unbalance: 20V voltage difference 

between the motor phase windings was considered 

as unbalance phenomena. If the line voltages on a 

multi -phase induction motor are not equal, 

currents in the stator windings will be unbalanced. 

This condition which produced increased heating, 

increased energy consumption and lower 

efficiency. One unit percent voltage unbalance can 

lead about 5 unit increased losses in the machine. 

 Winding temperature: At 110 percent temperature 

was considered as a fault. Cause of overheating is 

usually based on improper ventilation and high 
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ambient temperature. Higher winding temperature 

brings on additional copper losses and inversely 

effect the insulation of the motor. 

 Current unbalance and high current has the similar 

effects with the previously mentioned voltage 

based failures. 

III. FUZZY LOGIC DESIGN FOR THE SYSTEM 

Fuzzy logic control has become an important methodology in 

control engineering. Learning and experience based Fuzzy logic 

is a tool for making a model in situations involving highly 

complex systems whose behaviors are not well understood. 

Conventional systems analyze requires a model based on a 

collective set of assumptions needed to formulate a 

mathematical form. Since most real life applications are more 

complex, fuzzy control should be developed about the control 

process exists by using a number of fuzzy rules and input 

parameters. 

In this study, developed protection system with the help of 

fuzzy logic was embedded into the microcontroller. In this 

system, the time delay calculation used to stop motor was 

derived with fuzzy rules. These values were determined 

according to characteristics of the chosen motor. The values in 

Table 1 were used for preparing fuzzy rule base. The limit 

values were selected according to the NEMA standards and TS-

3205 EN 60034-1 numbered standard of TSI (Turkish Standards 

Institution).  

While there are 6 different input with 3 level as the system 

input, logically related inputs are grouped and determined 

individually as shown in Fig. 1. Thus we ensured less processing 

time and reduced size of the constituted fuzzy rule base. 

 

Table 1: Motor Parameters and Limit Values 

Motor Parameters 

3 Phase Voltage 380 V AC 

Frequency 50 Hz 

Over Voltage Limit % 10 240 V 

Over Current Limit % 15 5,5 A 

Winding Temp. % 10 135 OC 

Voltage Unbalance % 10 20 V 

Current Unbalance % 10 0,5 A 

Under Voltage % 10 200 

Measurement Resolutions 

Current % 0,097 48,8 mA 

Voltage % 0,097 361,12 mV 

Temperature % 0,78 0,29  OC 
 

OVER VOLTAGE

OVER CURRENT

TEMPERATURE

VOLTAGE 
UNBALANCE

CURRENT 
UNBALANCE

LOW VOLTAGE

Fuzzy 
Decision 1

Fuzzy 
Decision 2

Time 
1

Time 
2

< RESULT

 
Figure 1: Structer of the Fuzzy Logic System 

 

Some samples for rule base of first part of the structure are 

given in Table 2. The darkish cells in the tables represent the 

situation that this particular error did not occur for this rule. 

Membership functions of the input parameters has three level 

named as L (Low), M (Medium) and H (High). Output has five 

level named as VS (Very Short), S (Short), N (Normal), L 

(Long) and VL (Very Long). Membership functions relevant to 

these inputs and the output are given in Table 3. These rules are 

determined by regarding the importance level of the level. For 

instance, over current parameter is crucial and long term 

working in this situation is destructive. Thus, related rule is 

formed as producing short delay time. 

All of the Fuzzy Logic process is carried out with the help of 

Matlab codes and FIS Editor. Fuzzy logic structure is 

constituted in the FIS editor. Matlab codes are written to test the 

system with all possible inputs that have limited precision. 

Precision steps to generate the results are as follows: 

 Over Voltage : 1 V   Voltage Unbalance : 1 V 

 Over Current : 0.2 A       Current Unbalance : 0.1 A 

 Temperature  : 1 C   Low Voltage   : 1 V 

 

Table 2: Rule Base Sample 

1. Rule 
No 

Over 
Voltage 

Over 
Current 

Temp. Output 

1 OVM OCM   N 

2 OVM OCH   S 

3 OVH OCL   N 

4 OVH OCM   S 

5 OVH OCH   VS 

6 OVL   TL VL 

7 OVL   TM L 

8 OVL   TH N 

9 OVM   TL L 

10 OVM   TM N 
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Table 3: Membership Function Samples 

Membr. Func. Equation 
Over Voltage µOVL (x) = 1 

= 260 – x / 10 
240 <= x < 250 
250  <=  x <  260 

µOVM (x)    = 260 – x / 10 
= 270 – x / 10 

250  <=  x < 260 
260  <=  x <  270 

µOVH (x)    = 260 – x / 10 
= 1 

260  <=  x < 270 
270  <=  x 

Over Current µOCL (x) = 1 
= 7,5 – x 

5,5  <= x < 6,5 
6,5   <=  x <  7,5 

µOCM (x)    = 7,5 – x 
= 8,5 – x 

6,5   <=  x < 7,5 
7,5   <=  x <  8,5 

µOCH (x)    = 8,5 – x 
= 1 

7,5   <=  x < 8,5 
8,5   <=  x 

Temp. µTL (x)   = 1 
= 145 – x / 5 

135 <= x < 140 
140  <=  x <  145 

µTM (x)      = 145 – x / 5 
= 150 – x / 5 

140  <=  x < 145 
145  <=  x < 150 

µTH (x)      = 150 – x / 5 
= 1 

145  <=  x < 150 
150  <=  x 

Delay Time µVS (x) = 1 
= 1,5 – x / 0,75 

0     <= x < 0,75 
0,75 <=  x < 1,5 

µS (x)    = 1,5 – x / 0,75 
= 2,25 – x / 0,75 

0,75 <=  x < 1,5 
1,5   <=  x < 2,25 

µN (x)     = 2,25 – x / 0,75 
= 3 – x / 0,75 

1,5   <=  x < 2,25 
2,25 <=  x < 3 

µL (x)     = 3 – x / 0,75 
= 3,75 – x / 0,75 

2,25 <=  x < 3 
3      <=  x < 3,75 

µVL (x)    = 3,75 – x / 0,75 
= 1 

3       <=  x < 3,75 
3,75  <=  x 

 

Matlab code used for storing the results can be shown in 

Fig.2. This code send the possible inputs to the structure and 

fuzzy inference system produce the results. Simultaneously, 

produced results are written with the input paramaters.  

Microcontroller code for matrix indexing operation is 

summarized in Fig.3 with pseudo code. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: System Hardware Representation 

 

IV. RESULTS 

The experimental works were carried out with 3 phase, 

four-pole, 2.2-kW induction motor. Fault operations were 

achieved by using variable transformer to implement the 

abnormal voltage inputs. Temperature effect was tested by 

heating the thermocouple.  System controller shown in Fig. 

4 was the PIC18F4620 microcontroller which has UART 

communication module, Analog-Digital Converter and other 

well-known main internal modules with 64 Kb program 

memories. Thus, lots of pre-calculated fuzzy results could 

be embedded in to the microcontroller. Graphical LCD 

named HDM64GS12 has been used for indicating the 

measured values, faults and the calculated results. User 

interface constituted with six buttons has been added in 

order to calibrate the measured values and set the measured 

values upwards or backwards for testing the abnormal 

conditions. When a fault detected, display shows the fault 

type (1 = fault, 0 = no-fault) and delay times (T1, T2) 

calculated by two part fuzzy system. Unbalanced voltage 

and over voltage errors with their values (279.0 = Phase 1 

voltage, 49 = maximum voltage difference between phases) 

can be shown in the Fig. 5. 

 Some results for first Fuzzy structure can be shown in 

Table 4. This values   

 

Figure 5: Screenshots in faulty condition displayed by turns 

 

 

 

Read_inputs(); // 7 analog port was reed 16 times and avaraged 

Display(); // All the values visualized 

Find_mux(); // All of the values compared with each other and 

maximum one found 
Check_err(); // Error values checked 

If there is an error 

Arrange (); // Calculated values were arranged as the matrix index 

numbers.  
result1 = rule1[agek-239][aaek][sek-134]; // matrix1 indexed 

result2 = rule2[gdek-19][adek][dgek-170]; // matrix2 indexed 

Show_results(); Error page shown in Fig. 5 displayed 

Else if Display(); 

a=readfis(‘rules1.fis'); 

file = fopen(‘result_rule1.txt','wt'); 

for x1=239:1:270 

    for x2=5.4:0.2:8.4 

        for x3=134:1:150 

           fprintf(file,'%d %.1f %d %.1f \n', 

 x1,x2,x3,round(evalfis([x1,x2,x3],a)*10)/10); 

        end 

    end 

end 

fclose(dosya); 

Figure 2: Matlab Code for result generation 

Figure 3: Pseudocode for matrix indexing 
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Table 4: Experimental Result Samples 

Max. 
Voltage 

Max. 
Current 

Winding 
Temp. 

Delay 
Time 

Error Type 

239 5,4 134 2,3 Over Voltage 

239 5,4 141 2,8 

Over 
Voltage, 

Over 
Temperature 

239 6,4 146 2,5 

Over 
Voltage, 

Over 
Temperature 

239 5,6 137 3,2 

Over 
Voltage, 

Over 
Temperature 

240 5,6 134 3 Over Voltage 

254 5,8 137 2,7 

Over 
Voltage, 

Over 
Temperature 

254 7,4 135 2,4 
Over 

Voltage, 
Over Current 

264 7,2 147 1,8 

Over 
Voltage, 

Over Current 
Over 

Temperature 

264 7,4 134 2 
Over 

Voltage, 
Over Current 

264 8 148 1,5 

Over 
Voltage, 

Over Current 
Over 

Temperature 

270 8,4 150 1,2 

Over 
Voltage, 

Over Current 
Over 

Temperature 
 

V. CONCLUSION 

This paper presents a method to embed the fuzzy logic 

structure in to the microcontroller. Fuzzy logic helps to 

produces a delay time according to the different degrees of 

various fault combinations.  So the flexible and optimal 

delay time are achieved. In the next studies, the system can 

be improved by regarding various fault parameters  
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Abstract - Because of the technological advances in 

communication between people, information security is so 

important that it is not at any stage in history. Steganography is a 

science that is used in the field of information security and aims to 

conceal the existence of a confidential message. In this study, the 

effect of text compression algorithms on image steganography is 

examined. Three different text files on different sizes are 

compressed using 4 different compression algorithms namely 

LZW, MTF, Arithmetic and Deflate and embedded with LSB 

substitution method on 3 different images. When the results are 

examined, it is seen that the Deflate algorithm has a higher 

compression ratio than the other algorithms. In this way, a 

significant increase in image capacities has been achieved and the 

distortion in the image has been reduced. 

 
Keywords – Image steganography, Information security, LSB 

substitution, Text compression.  

I. INTRODUCTION 

nformation security has become one of the most important 

issues in communication between people throughout history. 

As the privacy of the information transferred between the two 

sides increases, the fear of being monitored of humans 

increases. For this reason, people have become more important 

to privacy. 

Cryptography is the first science to come to mind in the 

field of Information Security. The goal of cryptography is to 

make it harder for the 3rd parties to resolve secret message by 

encrypting a data and making it incomprehensible. But in this 

case, the third party observing the communication will know 

that there is a secret communication between the receiver and 

the transmitter and will try to solve the secret message or 

prevent communication. 

The goal of steganography, which is one of the methods of 

data hiding, is to not raise suspicions by hiding message in 

media types frequently used in daily life. For example, if the 

sender hides the sender's message in a scenery image and 

sends the message, the 3rd party will only see the innocent 

scenery image, so it will not try to solve the hidden message 

and the message will reach the receiver safely. 

Text, image, audio and video files can be used as cover 

media type for steganography. Since the image is more often 

used in the communication between people, studies on 

steganography focus on the image. The type of media to be 

hidden as well as the type of cover media may vary. Text, 

image, audio and video media types can be hidden in text, 

image, audio and video media types. 

Image steganography techniques are examined in two main 

categories: spatial domain and frequency domain. In the spatial 

domain, the data is hidden directly by changing the image 

pixels. In the frequency domain, the image is transformed into 

frequency coefficients using DCT or DWT, and the data is 

embedded in these coefficients.  

In steganography, the size of the message that can be hidden 

depends on the size of the cover media, and the embedding 

algorithm to be used. For this reason, compressing the message 

before it is embedded will increase the capacity. It will also 

reduce the deterioration of the cover, so that the detectability 

will also decrease. 

II. RELATED WORKS 

In [1], an LZW compression algorithm and an android 

application for embedding on images using TEA have been 

developed. With the LZW algorithm, texts of different lengths 

are compressed and a compression ratio of 137.5% is 

obtained. Again in this study it has been shown that PSNR 

value will be increased by compressing the message. 

In [2], LZW, RLE, Shannon Fano and Adaptive Huffman 

algorithms were applied to 10 different text files and the 

results were compared. In this study, a compression ratio of 

204% is obtained with the LZW algorithm. The highest 

compression ratio among these algorithms was obtained by the 

LZW algorithm. 

In [3], 12 different text compression algorithms namely 

Shannon-Fano Coding, Huffman coding, Adaptive Huffman 

coding, Run Length Encoding, Arithmetic coding and Lempel 

Ziv scheme were applied on 10 different text files and the 

results were compared. The highest compression ratio was 

obtained in the LZFG method, which is the LZ78 derivative. 

III. MATERIALS AND METHODS 

A. LSB Substitution Method 

The Least Significant Bit (LSB) Substitution Method is the 

most widely used method in steganography because it can be  
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Figure 1: LSB substitution method 

 

applied to different media types and is simple to apply. In the 

LSB substitution method, the least significant bit of each pixel 

of the cover image is replaced by the message bits. This 

replacement can be done in sequence or randomly using 

pseudo-random generators. 

When we look at Figure 1, the 4-bit message is embedded to 

cover image that contain 2x2 pixels using LSB substitution 

method and the stego image pixels are given in the same 

Figure. In this embedding process, the message bits are 

embedded in the cover image in order. For this reason, 

decrypting the secret message is not a difficult task. 

B. Text Compression 

Data compression methods are widely used to allow data to 

occupy less space in storage environments and to be 

transferred over a communication network faster. Especially 

today, because of the high usage of computer and internet, it is 

necessary to compress files stored in computer or sent over 

internet. 

Text compression methods are broken down into two 

categories according to compression formats: lossy 

compression and lossless compression. In the lossy 

compression, the original text cannot be obtained exactly when 

the data is recycled, while in the lossless compression, the 

original text is obtained without any modification [4].  

 

Cover Image

LSB 
Steganography

CompressionMessage

DecryptingDecompression
Exctracted 
Message

SENDER

RECEİVER
 

Figure 2: Steganography diagram 

 

Lossless compression is used in the files where the original 

data needs to be protected. Lossy compression is preferred 

because of the high compression ratio in file types such as 

image and audio files, where small disturbances are not 

important. 

1. LZW 

Lempel Ziv Welch (LZW) is one of lossless and dictionary 

based text compression methods. The algorithm tries to insert 

the word that contains the most possible letters into the 

dictionary by moving the letter through the text to be 

compressed, and at the same time changes the text with the 

counterpart in the dictionary [5].  

One feature of the algorithm is that the dictionary does not 

need to be communicated to the other side. In other words, the 

dictionary containing the words is created dynamically and the 

recipient side opens the message by creating this dictionary 

again dynamically. 

2. Arithmetic 

Arithmetic coding is an entropy-based lossless compression 

technique. Normally, a character string consists of bits of fixed 

length. In arithmetic coding, frequently used characters are 

expressed with lower bits and less used characters are 

expressed with higher bits. In arithmetic coding, instead of 

replacing each character with a code word, as in other 

methods, it only outputs a floating point number [3]. 

3. MTF 

The Move-To-Front (MTF) algorithm is a probability-based 

lossless text compression method. The main rationale for this 

coding type is to convert the characters in the message to 

integer values with smaller values. The algorithm codes the 

sequence of the character that matches the alphabet, and that 

character makes the alphabet the first character [6]. 

If the same characters are placed close to each other in the 

message, the integer values to be encoded will be small, so that 

smoother distribution and better compression will occur. 

In this compression method, an alphabet consisting of 

characters in the text to be hidden must be created and 

transmitted to the recipient. The smaller the variety of 

characters in the text to be hidden, the smaller the alphabet to 

be created and the higher the compression ratio. If the text to 

be hidden contains all kinds of characters, then the 

compression ratio will be zero. 

4. Deflate 

The deflate algorithm is a lossless data compression 

technique consisting of a combination of LZ77 and Huffman 

encoding. According to the compression techniques available 

in the literature, the efficiency of the Deflate method is high. 

When used in steganography, there is no need to send any 

dictionary, alphabet to the recipient [7]. 
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IV. EXPERIMENTAL STUDY 

In this study, 3 text files each with a different length 

(7.94kB, 15.5kB, 19.5kB) are compressed using 4 different 

text compression algorithm namely LZW, Arithmetic, MTF 

and Deflate. Then, these compressed text files are embedded 

with the LSB method over 3 different images. 

Firstly, 3 different text files are compressed using 4 

different compression algorithms. The original text length, the 

resulting text length, and the compression ratios are given in 

Table 1. 

Table 1: Compression ratios obtained after compression. 

  
Uncompressed 

(bit) 

LZW Arithmetic MTF Deflate 

Compression Ratio (%) 

Text 1 56980 
38448 35448 48840 29496 

148,20 160,74 116,67 193,18 

Text 2 111405 
72969 69361 95490 56832 

152,67 160,62 116,67 196,03 

Text 3 140364 
84643 88109 120312 65744 

165,83 159,31 116,67 213,50 

 

When we examine the Table 1, it can be seen that the 

Deflate algorithm can compress the text higher than other 

algorithms. Compression ratio of Deflate algorithm is up to 

213.50%. 

Then, the compressed texts and the original message were 

embedded to 3 different images using LSB substitution 

method. These images are “Lena”, “Mandrill” and “Peppers” 

and are given in Figure 3. The resolution of these images are 

225x225, 512x512 and 600x600 pixels, respectively. 

 

 
Figure 3: Original images 

After embedding process, Peak Signal to Noise 

Ratio(PSNR) values of the original images and stego images 

were calculated. These values are given in Table 2. 

Table 2: PSNR values obtained after embedding. 

PSNR (dB) 

Uncompres

sed 

Message 

LZW Arithmetic MTF Deflate 

Image 

1 

Text 1 52.38 54.09 54.45 53.05 55.24 

Text 2 49.48 51.31 51.53 50.15 52.39 

Text 3 48.47 50.67 50.49 49.14 51.77 

Image 

2 

Text 1 59.53 61.23 61.58 60.20 62.38 

Text 2 56.61 58.45 58.67 57.28 59.54 

Text 3 55.61 57.81 57.63 56.28 58.90 

Image 

3 

Text 1 60.91 62.62 62.96 61.58 63.76 

Text 2 58.01 59.84 60.06 58.68 60.92 

Text 3 57.00 59.20 59.03 57.67 60.29 

 

When we examine the Table 2, it can be seen that the PSNR 

values obtained by Deflate algorithm are clearly superior to the 

PSNR values obtained by other algorithms. The maximum 

increase in the PSNR value was obtained when embedding 

Text 3 compressed by Deflate algorithm to Image 1. The 

PSNR value increased from 48.47 to 51.77 by 6.81%.  

Using compression ratios given in Table 1, embedding 

capacities of each image and each algorithm were calculated. 

The estimated embedding capacities are given in Table 3. 

Table 3: This caption is centered. 

  
Uncompressed 

(kB) 

LZW Arithmetic MTF Deflate 

Capacity Increase 

Image 

1 
18.54 

30.74 29.53 21.63 39.58 

65.80% 59.28% 16.67% 113.48% 

Image 

2 
96 

159.2 152.93 112 204.96 

65.83% 59.30% 16.67% 113.50% 

Image 

3 
131.84 

218.62 210.02 153.81 281.47 

65.82% 59.30% 16.66% 113.49% 

 

When we examine the Table 3, using Deflate compression 

algorithm, the capacity of Image 2 increased from 96kB to 

204.96kB. The largest increase in embedding capacity was 

achieved with this algorithm at 113.5%. 

The stego images obtained after embedding Text 3 

compressed by Deflate compression algorithm are given in 

Figure 4. 
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Figure 4: Stego images 

V. CONCLUSION 

In this study, the effect of text compression algorithms on 

image steganography is examined. 4 different compression 

techniques were applied to 3 different text files and then 

embedded with LSB method on 3 different images. When the 

results are examined, it is seen that the best compression ratio 

is obtained with the Deflate algorithm with 213.5%. Similar 

results are obtained on different text files. As the text size 

increases, the compression ratios of the compression 

algorithms also increase. Because of the high compression 

ratio, the highest PSNR value is obtained from the compressed 

text by the Deflate algorithm with 60.29 dB. By compressing 

the message file to be hidden before embedding it has been 

increased by 6.8% in the PSNR value. In addition, the capacity 

of the cover images increased up to 113%. In future studies, 

data compression methods can be applied together with 

different steganography methods to make different studies. 
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Abstract - In this work, a core loss estimation model is 

presented for integrated magnetic current doubler phase shifted 

full bridge (IM-CD-SS-FB) DC-DC pulse width modulated 

(PWM) converter. Proposed model provides accurately 

estimation of the core loss when the non-sinusoidal voltage is 

applied to the primary of the transformer. The finite element 

model is used for the estimation of the core loss of IM-CD-SS-FB 

DC-DCPWM converter. The extracted loss results are compatible 

with the theoretical approximation.  

 
Keywords - Transformer, DC-DC converter, core loss.  

I. INTRODUCTION 

n power electronics converters, magnetic components like 

transformer and inductor has square wave or zero voltage 

level. In these systems, the conventional core loss calculation 

method proposed by Steinmetz is usually used to determine the 

core loss of the transformer or the inductor [1-6]. 

The steinmetz equation is given by; 

v
ˆP kf B 

 
 (1) 

Above equation, B̂ is the peak flux amplitude, f is the 

frequency of sinusoidal excitation, Pv is the time-average 

power loss per unit volume. The other parameters, k, β, α, are 

found by curve fitting and they are determined for limited 

frequency and flux range [6], [7]. The steinmetz equation is 

valid for only sinusoidal excitation and this is the main 

disadvantage of the modern power electronic systems. Because 

switched power electronic systems have non-sinusoidal wave 

forms as mention earlier. Therefore, these non-sinusoidal 

waveforms conclude different loss compared to the loss 

produced by steinmetz equation [8].  

To solve these problems, different studies were presented in 

the literature. In [7] and [9], the steinmetz equation is 

improved with some minor changes in the equation for non-

sinusoidal waveforms. In the modified equation, every flux 

waveform is calculated with same material parameters. This 

presented approach is widely accepted and usually applied to 

the core loss calculation in the switched mode power 

converters. This modified equation has more complex 

statement compared to original statement. 

In [11] and [12], a core loss calculation method based on 

loss map of the core material was proposed. In this method, 

loss map is extracted with experimental measurements. 

In this study, core loss estimation model based on magnetic 

modeling is proposed. The core loss is estimated more 

accurately with non-sinusoidal waveforms before the 

experimental setup compared to Steinmetz equation. The 

method is applied to an IM-CD-SS-FB DC-DC PWM 

converter. This method provides more accurately core loss 

estimation of the converter before its experimental setup.This 

estimation also makes the design process of the converter 

simple. 

II. THE PROPOSED CORE LOSS MODEL 

In order to determine the magnetic flux density and core 

loss in the transformer, the finite element method has been 

used. The core and the windings of the transformer were 

modeled in Maxwell Software. 

An Integrated Magnetic (IM) model proposed in [13] is 

used to test its flux variation and core loss by the use of 

proposed core loss model. An IM-CD-SS-FB DC-DC PWM 

converter topology is used to apply integrated magnetic model. 

In the model, output inductors are integrated to the main 

transformer’s center leg by the use an air gap. Therefore 

separate magnetic cores and conduction loss are decreased. 

The schematic diagram of IM-CD-SS-FB DC-DC PWM 

converter is shown in Figure 1. In the used IM model flux 

variation of the center leg is low and its core loss is lower 

compared to the conventional converter transformer design. 

 
Figure 1. IM CD-SS-FB DC-DC PWM converter topology. 

 

An IM-CD-SS-FB DC-DC PWM converter works with soft 

switching so its conversion efficiency and power density are 

high. Moreover, it has reduced electromagnetic interference 

(EMI) [1-5]. Therefore, it is well known topology used 

indifferent industrial applications like electrical vehicle, 
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battery charge, telecom or data centre applications. Its 

operation is presented in many papers so it is not mentioned 

here.  

The current doubler rectifier topology is known with its low 

conduction loss on the secondary windings especially in high 

output current and low output voltage applications. Therefore, 

this rectifier topology are widely preferred for the secondary 

side of the PSFB converter. However, the requirement of 

separate magnetic components of the output inductors and 

power transformer increases the size and the cost of the 

converter. In this case, integrated magnetic solution can help 

the increase power density and reduce the cost of the converter 

[13], [14]. 

According to created core loss model, Figure 2 shows the 

simulated magnetic flux variation and magnetic flux density 

variation in each leg: the center leg has lower magnetic flux 

variation compared to outer legs as mentioned in the integrated 

magnetic model definition in [13]. The flux density in each 

core leg is different so the flux variation in each leg of the 

transformer should be determined separately to prevent core 

saturation [13], [14].  

 
(a) 

 
(b) 

Figure 2. (a) Simulated magnetic flux variation results of the IM 

model (b) Simulated magnetic flux density variation results of the IM 

model. 

 

The core loss is also obtained from the simulation and its 

variation in the core is shown in the Figure 3. 

 
Figure 3. Simulated core loss variation of the IM model. 

III. CONCLUSION 

The core loss estimation model is presented for IM-SS-FB 

DC-DC PWM converter. The finite element method is used for 

the estimation of the core loss. Proposed model provides more 

accurate prediction of core loss for non-sinusoidal voltage is 

applied to the primary of the transformer in switched power 

converters.  
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