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Abstract - Automation systems are designed to supply very
high precision and accurate results in almost every work.
Therefore, mechanization and computers have joined more and
more in our lives. With this perspective, creating an automation
system to solve problem of healthcare facilities by the respect of
treatments plays a key role to make people’s lives easier. In this
paper, a robust colon automation system (CAS) is proposed. CAS
automatedly detects colon in uploaded computed tomography
(CT) colonography images whose extension is Digital Imaging
and Communication in Medicine (DICOM). CAS views detected
colons based on image reconstruction as a three-dimensional (3D)
volume image. CAS gives parametric information to surgeon
after processing images. Moreover, it enables surgeon to zoom,
measure, rotate the viewing from different aspects without
touching any computer parts thanks to Leap Motion controller
for preoperative and intraoperative medical purpose. CAS
remotely controls surgical clamps, scissors, and forceps during
surgery by using Leap Motion controller. For this purpose, a
robotic arm that represents forceps behavior is controlled by
gesture motions. All information about patients like disease
history, surgeries are saved in a database developed in this study.
For further use, clinicians' information is kept for both use of
system and the possibility of investigation under any bad
situations.
Keywords - 3D imaging, Colon automation system, Image
processing, Leap Motion controller, Robotic arm.
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I. INTRODUCTION

ILHELM RONTGEN discovered X-ray in 1895. He saw
that X-ray could pass through human body parts with
different absorbance ratio and create different contrasts when
it exposed to photographic film. Thus, that formed projection
radiography (common chest X-ray) is the fundamental of
medical imaging [1,2]. In the 1960’s Godfrey N. Hounsfield
and Allan M. Cormack came up with a new idea for medical
imaging. The idea was taking a lot of projections from
different angles, combining them by using computers instead
of taking single projection and losing a lot of medical data
based on shadow way of imaging. That idea created CT and
medical imaging has shown a huge progress every year with
the advent of new methods [3]. Afterwards, with the
developing computerization, 3D imaging has become a better
way to view body parts. A developed 3D image serves as
faster and accurate opportunity in clinical diagnosis. Before
the development of three-dimensional model, it has been a
difficulty to view medical images from different perspectives.
However, with the development of image processing
techniques and medical imaging devices, it is expected almost
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in any case.
The colon is about 150 cm of the gastrointestinal tract
between the ileocecal valve and the rectosigmoid corner. The
cecum is respectively continuing with the ascending colon,
transverse colon, descending colon, and sigmoid colon then
joining with the rectum in the rectosigmoid corner. The floors
of the colon wall are mucous membrane, submucosa, inner
circular muscle, outer longitudinal muscle, and serosa [4].
Robotics is a rapidly growing sector with the invention of
robotic systems. Robotic systems aid people in wide range of
working areas such as boring repetitive works, tough tasks,
dirty tasks, or tasks that needs absolute precision. These areas
include military services, car production, space exploration
and healthcare and so on. According to sector, they have
different shapes, abilities, hardware, and software designs.
In the literature, there are studies related to 3D
reconstruction image, colon detection and robotics arm
control. Al-Shayea and Al-Ani [5] explained how to make
efficient 3D reconstruction and its methods. Angelopoulou et
al. [6] worked on 3D surface reconstruction of sensitive highresolution ventricular MRI slice images. Wang and Pu [7]
worked on their studies to reconstruct CT images with VTK
and Visual Studio. Datino et al. [8] worked on checking
robotic remote catheter system safety and compare it with
manual case. Stoianovici [9] worked on the fact that showing
how industrial revolution and improving technology are
effective in robotic surgery. Camarillo et al. [10] examined
background of robotics in surgery and look situation today and
possibilities in future.
With this study, robotics arm hardware controlled by Leap
Motion controller, image processing to automatedly detect
colon on CT colonography images, reconstruction models to
view 3D colon, calculation of parameters related to colon and
database system to keep information of patients and surgery
progress are combined under a software program named as
CAS. It is supplied touchless hardware control on 3D view of
colon for surgical purpose and robotic arm. As it is seen from
the literature view, studies are performed without combining
these features in an automation system.

II. MATERIALS AND METHODS
MATLAB 2018a program, Visual Studio 2017 program,
SQL Server management studio 2014, 3D printed robotic arm
kit, Leap Motion controller, Arduino Nano, Lattepanda single
board computer and 6524 anonym CT colonography DICOM
images belonging to 7 patients provided by Cancer Imaging
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Archieve have been used in this study. One sample of image is
shown in Figure 1. MATLAB program has been utilized to
detect colon from CT colonography images and make 3D
imaging. A windows form application has been developed
under visual studio using C3 programming language. One
sample view of application is shown in Figure 2. Patient
information and surgery processes have been stored in
developed database under SQL Server. Entity-Relationship
(ER) diagram of the database is shown in Figure 3. 3D printed
robotics arm kit shown in Figure 4 has been used to supply
touchless hardware control. Leap Motion controller has been
utilized to detect finger and hand movement and manage
robotics arm kits. Internal structure of Leap Motion controller
is shown in Figure 5. Arduino Nano has been used to control
and manage servo motors of robotic arm. Lattepanda single
board computer shown in Figure 6 has been utilized to
combine under one platform and connect all hardware and
software used in this study.

Figure 3: ER diagram of database design.

Figure 4: 3D printed robotics arm kit.

Figure 1: One sample of CT colonography DICOM image.

Figure 2: One sample view of colon automation system software.
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Figure 5: Internal structure of Leap Motion controller [11].

Figure 6: Lattepanda single board computer [12].
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The block diagram of CAS is shown in Figure 7 below.

Figure 7: The block diagram of CAS.

A windows form application has been created by using
Visual Studio 2017 and C# programming language. An image
set of a patient is manually loaded to program. SQL server and
MATLAB automatically takes the part to hold patient
information written in DICOM format images in a database
and detecting colon objects from whole CT colonography
DICOM images. For the detection of colon objects on images,
DICOM format images are read by the program and converted
to grayscale images in Figure 8(a). Otsu thresholding method
is applied to obtain binary images in Figure 8(b). To clear
noise and fill small holes located in objects, imfill function is
utilized in Figure 8(c). With the subtraction of the obtained
image from binary image, colon objects with minor noisy
objects and slab object stay at images in Figure 8(d). Average
filter with 3x3 windows size is firstly applied on the obtained
image. Median filter and Gaussian filter with 5x5 window size
are separately applied. Connected component labeling is
applied to give a label number for all objects on images. Areas
of labeled objects with respect to pixels are calculated
separately. Standard deviation of all calculated areas is
calculated. Mean of areas which are less than standard
deviation value is calculated. Then, objects whose areas are
less than calculated mean value are removed from images.
Therefore, minor noisy objects are removed from images. To
remove slab object from images, K-means clustering method
is used. Each object is classified into 2 clusters according to
area size (K=2). Objects in a cluster which has greater mean of
area values than another cluster is removed from images in
Figure 8(e). Therefore, colon objects stay at image. Thanks to
slice thickness information taken from DICOM images, all
uploaded images of one patient are reconstructed in MATLAB
environment. 3D imaging of colon is presented in CAS in
Figure 8(f).
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Figure 8: Processes applied on a sample image. (a) grayscale image,
(b) binary image, (c) image obtained after filling holes, (d)
image obtained after subtraction process, (e) image
obtained after K-means clustering method, (f) 3D image.

After obtaining all 2D images and their reconstructed 3D
volume image, parameters such as length of colon, area of
colon, volume of colon, average color value of all colon
pixels, entropy value of colon pixels calculated in Eq. (1),
energy value of all colon pixels calculated in Eq. (2), contrast
value of all colon pixels calculated in Eq. (3) and correlation
value of all colon pixels calculated in Eq. (4) are presented as
information in CAS [13].
(1)

(2)

(3)

(4)

Leap Motion controller is a motion tracking device that
works by scanning hands and fingers with a high frame rate.
Leap Motion controller can transfer position, motion and
gesture information of hands to other software development
environments via the Leap Motion API. The first element of
Leap Motion API is the Frame object. This object contains
hands, arms, fingers, gestures, and tools locating in frames
detected by Leap Motion controller while scanning. They are
also classes of frame object.
The hand’s orientation is given by two vectors: first one is
palm vector that points from the palm center towards the
fingers, and second one is the palm normal that points out of
the palm, perpendicular to the plane of the hand. In addition,
thanks to the direction from the palm position to the fingers,
the angle of pitching, yawing and rolling of the palm can be

3

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

calculated according to the horizontal plane (pitch, yaw, roll).
On the other hand, the holding force is indicated by a
parameter (grab) that varies between zero and one. If the hand
is holding something or it is in the form of a fist the value is
one otherwise the value is zero or close to zero. Palm direction
vector and palm normal vector are given in Figure 9.

Figure 9: Palm normal and palm direction vectors [11].

Fingers are identified according to their types such as
thumb, index finger, middle finger, ring finger and pinky.
Leap Motion controller gives information about the type, bone
structure, direction, tip position, length and width of each
finger. Finger direction vectors are given in Figure 10.

III. RESULTS AND DISCUSSIONS
In this study, an automation system named as CAS is
developed by concentrating on image processing to detect
colon on CT colonography images in an automated manner,
reconstruction models to view 3D colon, calculation of
parameters related to colon, database system to keep
information of patients and surgery progress and robotics arm
hardware controlled by Leap Motion controller. After loading
DICOM format images, application successfully detects colon
objects with image processing techniques on 6524 images
related to 7 patients. Each image contains 2D colon objects.
CAS detects all of them. CAS reconstructs set of images based
on slice thickness values and views 3D volume images of
them. CAS calculates parameters related to colon objects.
Tables designed in the database are held records for patients
and their treatment history about colon. Touchless hardware
control on 3D view of colon for surgical purpose and robotic
arm performs accurately and successfully.
Recently, technology touches almost every sector to provide
facilities, make lives easier, save time and so on. Robust and
accurate automated systems in medicine is needed and
significant for both patients and surgeons. CAS is a robust
application developed to close the gap related to colon.
IV. CONCLUSION

Figure 10: Fingers and their direction vectors [11].

The Gesture class is a class expressing hand gestures. It has
subclasses named as CircleGesture, SwipeGesture,
KeyTapGesture and ScreenTapGesture. Thanks to Leap
Motion API, hand movements are detected, processed by
CAS, sent information to Arduino Nano and provided robotic
arm with moving according human hand movements.
Robotic arm is designed to supply an easy control of servo
motors. Thus, robotic arm parts are controlled via servo
motors and Arduino nano that makes connection between
robotic arm and CAS. There are 4 different servo motors
providing robotic arm to move. First servo motor performs to
move elbow part of robotic arm from up to down and vice
versa. Second servo motor performs to move wrist part of
robotic arm from up to down and vice versa. Third servo
motor performs to move elbow part of robotic arm from left to
right and vice versa. Fourth servo motor performs to open and
close palm of robotic arm. The value read by Leap Motion
controller and servo motor id are sent to Arduino Nano.
According to the value and servo motors id, Arduino Nano
controls and manages robotic arm with a correct movement.
Lattepanda single board computer is used as an embedded
computer that connects all elements used in CAS. Lattepanda
includes the developed windows form application and the
database designed in SQL Server. Lattepanda is connected
with Leap Motion controller, Arduino Nano and robotic arm.
Instead of using a computer, Lattepanda is preferred because
of transportation, taking a small place and being low-cost.
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CAS is a windows form application that automatedly
detects colon in uploaded CT colonography DICOM images,
views detected colons as a 3D volume image, calculates and
presents parametric information to surgeon after processing
images, enables surgeon to zoom, measure, rotate the viewing
from different aspects without touching any computer parts
thanks to Leap Motion controller for preoperative and
intraoperative medical purpose. CAS is a helper tool for
surgeons to view colon. By way of CAS, colon diseases can be
examined. When CAS is improved by surgeons’ requests and
necessities, more convenient automation systems will be
prepared for them. With such proper systems, healing
percentage will increase. In this way, all sides of healthcare
facilities like clinicians and patients will be satisfied with time
saving diagnosis, situation analysis, surgeries with low
infection risk and better healing rate.
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Abstract - Deep learning and machine learning are emerging as
a powerful tool for analyzing medical images. Various deep
learning and machine learning models are used to detect retinal
disease using computer-aided diagnosis from retinal fundus
images. In this study, retinal images of cataract patients are
compared with normal retinal images and classified. A deep
learning method and machine learning algorithms were used for
classification in this study. As a result of this study, 91.5% success
rate for DenseNet deep learning, and 79.5% success rate for the
Random Forest method were obtained respectively. The success
rates of the applied models were trained and validated to avoid
overfitting by the cross-validation method.
Keywords - Deep Learning, Machine Learning, Cataract,
Retinal Abnormality
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I. INTRODUCTION

ATARACT is the cloudiness of the lens inside the eye that
partially impairs vision and causes permanent vision loss
if not detected and treated in the early stages. It is considered
the most common cause of blindness. Cataracts present many
challenges to patients' lives, such as appreciating changes in
color and contracture, driving, reading, recognizing faces, and
dealing with the glare from bright lights [1]. Early diagnosis of
cataracts can reduce the risk of impaired vision and blindness.
Cataract removal surgery is the most effective treatment and is
usually performed in cases where cataracts negatively affect the
patient's daily life and work. Although cataracts are not present
in the retina, the clouding of the crystalline lens will reduce the
light focused on the retina and cause deterioration of the fundus
image quality. Experienced ophthalmologists can decide
whether to undergo surgery by evaluating the difference
between a non-cataract fundus image and a cataract image.
In this article, deep learning and machine learning methods
are compared for cataract classification. 2D discrete wavelet
method and histogram of directional gradients (HOG) are used
in feature selection for machine learning. On the other hand, for
deep learning, the densely connected neural network method
was used. Finally, evaluation measures such as accuracy,
sensitivity, specificity, precision, f-score, and area under the
receiver operating characteristic curve (AUC) were utilized to
measure the performance of used methods.
Investigation of fundus images for cataract detection has
attracted the regard of numerous researchers over the past few
years. [2-4]. The cataract detection system mainly consists of
three stages: pre-processing, feature extraction, and
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classification. Various results have been noticing in the
literature for detecting cataracts using retinal images. [4–8].
The automatic classification of retinal images for cataract
detection has been studied in [2]. The use of CNN in computeraided diagnosis for the detection and grading of cataracts on
fundus images was performed in [9]. Higher-order empirical
semantics and feature maps in the Pool5 layer were also
examined.
CNN has been shown to perform better when the number of
fundus images is high. However, collecting large numbers of
real-time data sets poses a significant challenge. Also, pretrained CNN is preferred to automatically extract features from
medical images [10]. Zhang et al. utilized a deep convolutional
neural network (DCNN) method for cataract classification in
four classes [9]. A deeper network in combination with DCNN
and random forests has been proposed by Ran et al. for the sixclass cataract classification [11]. Xu et al. Presented the localglobal feature representation using CNN and the deconvolution
network [12].
The organization of the remaining article is as follows:
Section II describes the dataset, feature extraction of retinal
images, deep learning model, and machine learning classifiers.
Experimental results are discussed in section III and the
conclusion is displayed in section IV.
II. MATERIAL AND METHODS
The framework of machine learning and deep learning
methods is given in Figure 1. The cataract classification
framework consists of feature extraction, machine learning
classifier, deep learning model, and performance evaluation.
These steps are explained in the next sections.
A. Data set
The dataset used for the training and testing is collected from
Kaggle database [13]. A total of 200 retinal images are labeled
in two categories including normal (100) and cataract (100).
B. Machine learning with feature extraction
At this stage, to extract the feature vector from the images of
retinal images; 2D discrete wavelet transform and HOG
algorithm have been used.
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1- level using the DWT approach using Matlab wavelet analysis
[21].
In the wavelet output block, 24 statistical properties of each
image are subtracted as minimum (min), maximum (max),
mean, standard deviation (1st moment, std), variance (var), and
3rd-moment values. These 24 features are the input of the
machine learning model. The approximation, vertical,
horizontal, and diagonals of the wavelet subbands with 24
features are shown in Figure 3.

Figure 2: One-layer decomposition of 2D discrete wavelet
transform and feature extraction block (24 statistical features of each
image).

Figure 1: The framework of proposed models.

1. 2D Discrete Wavelet Transform
Wavelet transform is a preferred tool for obtaining the timefrequency representation of an image or a signal and provides
successful results in many image analysis studies [14, 15].
Discrete wavelet transform separates the image into a lower
resolution image, horizontal, vertical, and diagonal detail
components. High-resolution subbands are found in edge and
texture patterns in an image. This operation comes about in four
decomposed subband images referred to low-low (LL), lowhigh (LH), high-low (HL), and high-high (HH). In this study,
one-level 2D discrete Meyer wavelet transform type is used
[16-18].
Wavelet decomposition of a signal helps to extract different
information of the main signal such as high frequency or low
frequency segments. This conversion is very useful for
analyzing the signal or image at different scales or resolutions
and provides highly successful results for classification.
Wavelet transform has been used successfully in the
classification of brain MRI and hyperspectral images in recent
years [19,20].
Figure 2 shows a schematic chart of 2D discrete wavelet
transform and vertical, horizontal, and diagonal states of
cataract image.
The technique is very fast and can be used to extract basic
structural information from an image. By applying wavelet
transform, four subgroups are obtained as follows:
=

+

+

+

(1)

is decomposed into a first-level
The input image
,
,
(detail
(approximation component, LL) and
components; vertical (LH), horizontal (HL), and diagonal
(HH). Here, the retinal fundus image has been decomposed to

E-ISBN: 978-625-44427-4-2

Figure 3: Cataract image and its 2D discrete wavelet coefficients at
one-layer decomposition

2. Histogram of oriented gradients (HOG)
The use of this algorithm, which is a gradient-based feature
extraction method, was first proposed by Shashua and Dalal
[22]. This algorithm defines an image as a series of local
histograms. Each of the local histograms is the distribution of
the number of gradients that occur in specified directions,
calculated from a specific area on the image defined as a cell.
The feature extraction from the images of the HOG method
can be briefly summarized as follows: The image is parsed into
small interconnected sections called cells. Larger structures are
created that contain cell divisions called blocks. The orientation
of the pixel values for each block is calculated. Inclination
angles are obtained from these orientations. A gradient
histogram is created from two different gradients obtained. The
histogram obtained is subjected to a normalization process to
minimize the slight differences in the image. The normalized
histograms obtained for each block are added together to obtain
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the feature vector of the image. The HOG method has been
successfully implemented in face recognition in recent years
[23,24].
C. Model Selection
In this work, Random Forest, Neural Network, Support
Vector Machines, and k-Nearest Neighbor models, which are
well-known machine learning methods in the literature, are
used. These models are briefly summarized below.
1. Random Forest (RF)
It is the algorithm that increases the classification rate by
generating more than one decision tree during the classification
process [25]. Randomly selected decision trees come together
to form the decision forest. Categorical with a large number of
variables and class tags a distribution with variables, missing
data, or unbalanced Works well for data sets that exhibit.
Random decision forests correct the habit of decision trees to
overfit training sets. Random forests generally outperform
decision trees.
2. Support Vector Machines (SVM)
SVM is a supervised learning method with a learning
algorithm that analyzes data used for classification and
regression analysis problems [26, 27]. The basic SVM theory
states that for a dataset that is sequentially separable without a
perimeter of scores from two classes, the infinite number of
lines dividing the classes is. The choice of a line that best
separates the two classes is surrounded only by a subset of the
training program known as support vectors. The boundary
distance between support vectors is taken to represent the
optimal decision. For problems where classes cannot be parsed
as rotations, SVM uses an implicit transformation of the kernel
function.
3. Neural Network (NN)
Neural network is computing processing systems that
generally imitate the working principles of the human brain or
central nervous system [28]. The first studies on this subject
started with the modeling of the biological units that make up
the brain and the application of neurons in computer systems.
Neurons are connected by links, and each link has a weight
value that expresses the importance of its input. These
connections are called edges. Neurons and edges typically have
a weight that changes as learning progresses. Weight increases
or decreases the strength of the signal in a connect. Neurons can
have a threshold at which a signal can only be sent if the total
signal crosses this threshold. Typically, neurons gather in
layers. Distinct layers can perform different transformations on
their inputs. Signals travel from the first layer to the last layer,
possibly after passing layers multiple times.
4. k- Nearest Neighbour (kNN)
kNN is a nonparametric method suggested by Thomas Cover
and Hart used for classification and regression [30]. In both
cases, the input comprises the closest training instances in the
feature area. In the kNN classification, the output is a class
membership. An object is classified by multiple votes of its
neighbors, and object k is appointed to the class most joint
among its closest neighbors (k is a positive integer). If k = 1, the
object is simply assigned to that nearest neighbor's class.

E-ISBN: 978-625-44427-4-2

Euclidean or Mahalanobis distance is mostly used in distance
measurements.
Figure 4 shows a block diagram of the different ML models
compared
in this study.
p
y

Figure 4: Knowledge flow of different ML models.

5. Deep Learning
When neural networks are trained, there is a decrease in
feature maps due to convolution and subsampling processes. At
the same time, there are losses in the image feature in the
transition between layers. DenseNet (Densely connected neural
network) system has been developed by Huang to use image
feature information more effectively [31]. In the system, each
layer is connected to the other layers in a feed-forward manner.
In this way, any layer I can access the property information of
all previous layers. It is possible to see the general network
architecture of dense connected neural networks in Figure 5.
[X1, X2, X3, …, Xl-1] layers are a combination of feature
information. L is the transfer function used to process feature
information. In this way, the rate of propagation of features to
the network increases, re-use becomes easier and the number of
parameters is greatly reduced. It is possible to see the densely
connected neural network equation below.
]
(2)
= [ , , ,…,

Figure 5: Densely connected neural network architecture [31].

D. Evaluation Criteria
The proposed methods are tested in a retinal dataset and
performance criteria such as accuracy, sensitivity, and
specificity, sensitivity is used to measure f-score and area under
the curve (AUC) performance. Accuracy shows correctly
classified samples. Sensitivity and specificity are correctly
classified as true positive and true negative respectively.
Precision indicates how many predicted are true positives. The
f-score is the weighted average of recall (sensitivity) and
precision. The mathematical formula of these metrics are as
follows:
=
(3)
=

(4)
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(7)

Samples are evaluated as true positive, true negative, false
positive, and false negative according to the target value and
predicted value. These are abbreviated respectively as TP, TN,
FP, and FN.
E. Cross-Validation (CV)
In the cross-validation method, the k training set is divided
into equal parts and one of them is used as the validation set.
The remaining k-1 pieces form the training set. A different
section is used as the verification set each time. This process is
repeated k times and each time its success in the validation set
is calculated. Thus, k success values are obtained. The average
k success values obtained are accepted as the success of the
model.

normal cataract

=

Random Forest
Predicted
cataract

normal

68

32

24
92

Neural Network
Predicted
cataract

normal

100

78

22

10
0

76

100

22

78

10
0

108

200

100

100

20

kNN
Predicted

SVM
Predicted
normal cataract

(6)

Actual

=

Table 2: The confusion matrix of the classification algorithms for
5-fold CV using HOG.

Actual

(5)

=



cataract

normal

cataract

normal

78

22

100

72

28

100

20

80

100

26

74

100

98

102

200

98

102

200

III. RESULTS AND DISCUSSION
In this study, 200 fundus image data sets consisting of
cataract and normal images were used. These images are tagged
for cataract (100) and normal (100) cases. 24 features are
extracted from each image with the 2D-discrete wavelet method
and 81 features are extracted from the HOG algorithm. These
features are used for inputs to machine learning methods. At the
output, two classes were determined as cataract and normal.
The system designed for machine learning has a structure with
24 inputs and 2 outputs for wavelet transform and 81 inputs and
2 outputs for HOG algorithm. The confusion matrix results of
the machine learning algorithms for 2D-discrete wavelet
transform are given in Table 1, and the confusion matrix results
of the machine learning algorithms for HOG are given in Table
2 respectively. Evaluation criteria for classification algorithms
are obtained using 5-fold cross-validation. ROC curves of RF,
SVM, NN, and kNN classifiers are seen in Figure 6 and Figure
7 respectively.

Figure 6: ROC curve of Random Forest, SVM, Neural Network,
and kNN classifiers (5-fold CV using Wavelet).

Table 1: The confusion matrix of the classification algorithms for
5-fold CV using 2D Discrete Wavelet.
Neural Network
Predicted

normal cataract

Actual

Random Forest
Predicted
cataract

normal



cataract

normal

84

16

100

78

22

100

25

75

100

27

73

100

109

91

200

105

95

200

normal cataract

Actual

SVM
Predicted



kNN
Predicted

cataract

normal



cataract

normal



75

25

100

65

35

100

28

72

100

25

75

100

103

97

200

90

110

200
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Figure 7: ROC curve of Random Forest, SVM, Neural Network,
and kNN classifiers (5-fold CV using HOG).

The accuracy and loss curves for 5-fold cross-validation of
the applied deep learning model are shown in Figure 8. The
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confusion matrix obtained by using deep learning is seen in
Table 3. The ROC curve of the deep learning classifier is shown
in Figure 9.
Table 4 shows the values of the effective parameters used in
machine learning models by using wavelet and HOG methods,
and Table 5 shows the values of the parameters selected in the
deep learning model. The classification results obtained from
machine learning and deep learning methods compared with
results are shown in Table 6. According to the results in Table
6, it is seen that the deep learning method gives the most
successful results.

Table 4: Defined parameters for machine learning models.
Classifier

Effective Parameters
(HOG)

Effective Parameters
(Wavelet)

Random
Forest

Number of Trees: 18

Number of Trees: 20

Hidden Layer:3

Hidden Layer:3

Neural
Network

Neurons:

SVM

kNN

10 16 10

Neurons:

Learning Rate 0 3
Activation Function:
Relu
C:2

20 10 20

Learning Rate 0 3
Activation Function:
Relu
C:2

Kernel: RBF

Kernel: RBF

Distance: Euclidean

Distance: Mahalanobis

Number of
Neighborhood k:3

Number of Neighborhood
k:3

Table 5: Defined parameters for the deep learning model.
(DenseNet)

Optimizer: Rmsprop
Max epoch: 5
Iteration: 15
Deep Learning

Figure 8: The accuracy and loss graph for 5-fold cross-validation
of the deep learning model.

In this study, Matlab was used in feature extraction (Wavelet
and HOG) and deep learning stages, and the Orange data
mining tool was used in classification with machine learning.
Table 3: The confusion matrix of the classification algorithms for
deep learning (5-fold CV).

normal cataract

Actual

Deep Learning (Densenet)
Predicted
cataract
normal
90

10


100

7

93

100

97

103

200

Stride: [2 2]
Learning Rate: 0 001

Activation Functions: Relu & Softmax
Number of layers: 201

Table 6: Comparison of classification performance measure
indices using RF, NN, SVM, kNN, and deep learning on 5-fold CV.
Feature
Extraction
Wavelet

HOG
Wavelet
HOG
Wavelet
HOG

Wavelet
HOG
-

ROC
Area

Sensitivity
(%)

Specificity
(%)

f-score

Accuracy
(%)

Random
Forest

0.84

0.75

0.804

0.795

0 68

0 76

0 708

0 720

0 79

Neural
Network

0 78

0 73

0 761

0 755

0 813

0 78

0 78

0 780

0 78

0 849

0 75

0 72

0 739

0 735

0 792

0 78

0 80

0 788

0 790

0 851

Classifier

SVM

kNN
Deep
Learning

(AUC)
0.859

0 65

0 75

0 684

0 700

0 737

0 72

0 74

0 727

0 730

0 816

0.93

0.90

0.9163

0.915

0.956

IV. CONCLUSION

Figure 9: ROC curve of deep learning classifier.
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In this study, 200 retinal fundus image data sets consisting of
cataract and normal images were used. Machine learning and
deep learning methods were compared according to the
successful results obtained. In this study, RF, SVM, NN, and
kNN algorithms were used for machine learning, and the
DenseNet model was used for deep learning. The attributes for
machine learning have been extracted from the 2D discrete
wavelet transform and HOG algorithm. Experimental results
show that the deep learning method outperforms machine
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learning methods in terms of accuracy and other evaluation
criteria. In this study, the time duration for feature extraction
with machine learning is much shorter than deep learning,
although deep learning yielded successful results.
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Abstract - The new coronavirus disease (COVID-19), which
started in China in December 2019, has spread rapidly among
people living in other countries. According to daily statistics of
the European Centre for Disease Prevention and Control, the
disease approaches approximately 46,156,540 cases worldwide.
Due to the increasing number of cases every day, a limited
number of COVID-19 test kits are available in hospitals.
Therefore, it is essential to implement an artificial intelligencebased detection system as a rapid alternative diagnosis option to
prevent the spread of COVID-19 among humans. In this study,
the performance comparison of two deep learning models used to
efficiently diagnose coronavirus disease (COVID-19) on chest
radiography (X-ray) images was performed. The data set used in
the study consists of 219 COVID-19, 219 healthy and 219 viral
pneumonia chest X-ray images of individuals. To classify these
data, deep convolutional neural network with data augmentation
and transfer learning models were used. The images in the data
set were classified into three categories as COVID-19, viral
pneumonia and healthy people using pre-trained ResNet50 and
DenseNet201 deep learning models. The performances of these
two deep learning models used in classification were compared in
terms of accuracy and loss values. Performance results show that
DenseNet201 pre-trained model provides higher accuracy for two
different batch size values (94.7% accuracy for Batch Size = 2,
95.45% accuracy for Batch Size = 3) than ResNet50 model.

disease by using chest X-rays have binary or multiple
classifications applied with different dataset. Raw data is used
in some of the studies while others have feature extraction
process. Among the studies, the most preferred method is deep
convolutional neural network (CNN). Khan et al. classified
chest X-ray images from normal, bacterial, and viral
pneumonia cases using Xception model for the detection of
COVID-19 infection [12]. Ghoshal and Tucker used
dropweights based Bayesian CNN model using chest X-ray
images for the diagnosis of COVID-19 [13]. Hemdan et al.
built VGG19 and DenseNet models to diagnose COVID-19
from X-ray images [14]. Ucar and Korkmaz worked on X-ray
images for COVID-19 diagnosis and implemented
SqueezeNet model with Bayesian optimization [15].
In this study, we have proposed an automatic prediction of
COVID-19 using a deep convolutional neural network based
ResNet50 and DenseNet201 pre-trained transfer models to
obtain higher prediction accuracies for the dataset containing
chest X-ray images of normal (healthy), COVID-19, and viral
pneumonia patients.

Keywords - Coronavirus Disease, Viral Pneumonia, Chest Xray Radiographs, Convolutional Neural Network, Deep Transfer
Learning, Data Augmentation.

In this study, chest X-ray images of 219 normal (healthy),
219 viral pneumonia and 219 COVID-19 patients have been
obtained from the open source Kaggle repository called
“COVID-19 Radiography Database” [16]. Distribution of
images per class in used dataset is given in Table 1.

T

I. INTRODUCTION

coronavirus disease (COVID-19) outbreak occurred in
Wuhan, China, in December 2019. It has since become a
serious public health problem worldwide [1, 2]. The number
of deaths from pneumonia caused by the COVID-19 virus is
increasing day by day. One of the most important methods
used in the diagnosis of pneumonia in the world is chest
radiography (X-ray) that is a fast, inexpensive cost [3, 4] and
widely used clinical method [5-10]. In chest X-ray method, the
patient is given a lower radiation dose compared to computed
tomography (CT) and magnetic resonance imaging (MRI)
[11].
In literature, studies about the diagnosis of COVID-19
HE
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II. CHEST X-RAY DATASET

Table 1: Number of chest X-ray images per class.
COVID-19
219

219

Viral Pneumonia
219

All images were resized to 224x224 pixel size. In Figure 1,
representative chest X-ray images of normal (healthy),
COVID-19 and viral pneumonia patients are given,
respectively.
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Figure 1: Representative chest X-ray image of COVID-19 (first
column), normal (healthy) (second column) and viral pneumonia
(third column) patient.

III. PRE-TRAINED DEEP LEARNING MODELS
One of the biggest drawbacks researchers face in analyzing
medical data is the limited number of data sets. While deep
learning models usually require a lot of data, the biggest
advantage of using the deep transfer learning method is that it
allows training of data with fewer datasets and requires less
computational costs. With the transfer learning method, which
is widely used in the deep learning field, the information
gained from the pre-trained model on a large data set is
transferred to the model to be trained [17]. In this study, we
built deep convolutional neural network (CNN) based
ResNet50 and DenseNet201 models for the classification of
COVID-19 chest X-ray images. In addition, we applied
transfer learning technique that was realized by using
ImageNet data to overcome insufficient data and training time.
ResNet50 [18] and DenseNet201 [19] deep learning models
were 50-layer and 201-layer networks, respectively that were
trained on the ImageNet dataset. ImageNet is an image
database with more than 14 million images belonging to more
than 20 thousand categories created for image recognition
competitions [20].
IV. EXPERIMENTAL RESULTS
All experiments were performed on Python programmingbased Google Colaboratory (Colab) Linux server having
Ubuntu 18.04 operating system using Tesla K80 Graphics
Processing Unit (GPU). ResNet50 and DenseNet201 CNN
models were pre-trained with random initialization weights by
optimizing cross-entropy function with adaptive moment
estimation (ADAM) optimizer (β1 = 0.9 and β2 = 0.999). The
learning rate and number of epochs were experimentally set to
1e-5 and 40, respectively for all experiments. In addition,
classification performances of the models were tested
separately by setting batch size 2 and 3. The dataset used was
randomly split into two independent datasets with 80% and
20% for training and test, respectively.

Figure 2: Training and test accuracy values of ResNet50 model for
Batch Size = 2.

Figure 3: Training and test loss values of ResNet50 model for
Batch Size = 2.
In Figure 4, confusion matrix of COVID-19, normal and viral
pneumonia test results obtained from ResNet50 model for Batch Size
= 2 is given. Besides the confusion matrix, receiver operating
characteristic (ROC) curve plots and areas for each class obtained
from ResNet50 model for Batch Size = 2 are given in Figure 5.

A. ResNet50 Model (Batch Size = 2)
Training / test accuracy and loss values for Batch Size = 2 of
pre-trained ResNet50 model are given in Figure 2 and Figure
3, respectively.
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Figure 6: Training and test accuracy values of DenseNet201 model
for Batch Size = 2.

Figure 4: Confusion matrix obtained from ResNet50 model for
Batch Size = 2.

Figure 7: Training and test loss values of DenseNet201 model for
Batch Size = 2.

Figure 5: ROC curve plots obtained from ResNet50 model for
Batch Size = 2.

In Figure 8, confusion matrix of COVID-19, normal and viral
pneumonia test results obtained from DenseNet201 model for Batch
Size = 2 is given. Besides the confusion matrix, receiver operating
characteristic (ROC) curve plots and areas for each class obtained
from DenseNet201 model for Batch Size = 2 are given in Figure 9.

B. DenseNet201 Model (Batch Size = 2)
Training / test accuracy and loss values for Batch Size = 2 of
pre-trained DenseNet201 model are given in Figure 6 and
Figure 7, respectively.
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Figure 10: Training and test accuracy values of ResNet50 model
for Batch Size = 3.

Figure 8: Confusion matrix obtained from DenseNet201 model for
Batch Size = 2.

Figure 11: Training and test loss values of ResNet50 model for Batch
Size = 3.

Figure 9: ROC curve plots obtained from DenseNet201 model for
Batch Size = 2.

C. ResNet50 Model (Batch Size = 3)
Training / test accuracy and loss values for Batch Size = 3 of
pre-trained ResNet50 model are given in Figure 10 and Figure
11, respectively.
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In Figure 12, confusion matrix of COVID-19, normal and viral
pneumonia test results obtained from ResNet50 model for Batch Size
= 3 is given. Besides the confusion matrix, receiver operating
characteristic (ROC) curve plots and areas for each class obtained
from ResNet50 model for Batch Size = 3 are given in Figure 12.
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Figure 15: Training and test loss values of DenseNet201 model for
Batch Size = 3.

Figure 12: Confusion matrix obtained from ResNet50 model for
Batch Size = 3.

In Figure 16, confusion matrix of COVID-19, normal and viral
pneumonia test results obtained from DenseNet201 model for Batch
Size = 3 is given. Besides the confusion matrix, receiver operating
characteristic (ROC) curve plots and areas for each class obtained
from DenseNet201 model for Batch Size = 3 are given in Figure 17.

Figure 13: ROC curve plots obtained from ResNet50 model for Batch
Size = 3.

D. DenseNet201 Model (Batch Size = 3)
Training / test accuracy and loss values for Batch Size = 3 of
pre-trained DenseNet201 model are given in Figure 14 and
Figure 15, respectively.

Figure 14: Training and test accuracy values of DenseNet201 model
for Batch Size = 3.
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Figure 16: Confusion matrix obtained from DenseNet201 model for
Batch Size = 3.

Figure 17: ROC curve plots obtained from DenseNet201 model for
Batch Size = 3.
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Overall accuracy evaluation metric was used for the
calculation of classification performances of used deep
transfer learning models. In another detailed performance,
comparisons of two models using the test data are shown in
Table 2. We have obtained better performance as overall
accuracy of 94.7% (Batch Size = 2) and 95.45% (Batch Size =
3) for DenseNet201 pre-trained model than overall accuracy
of 93.94% (Batch Size = 2) and 94.7% (Batch Size = 3) for
ResNet50 pre-trained model. DenseNet201 model provides
superiority over ResNet50 model for each batch size, training,
and testing stage.
Table 2: Overall classification accuracy performance results obtained
from two pre-trained CNN models.
Models /
Batch Size
Overall
Accuracy

ResNet50
(Batch
Size = 2)

DenseNet
201
(Batch
Size = 2)

ResNet50
(Batch
Size = 3)

DenseNet
201
(Batch
Size = 3)

93.94%

94.7%

94.7%

95.45%

[4]
[5]

[6]

[7]

[8]
[9]
[10]
[11]
[12]

V. CONCLUSION
Early prediction of COVID-19 disease is crucial to prevent
spread among people. In this study, we proposed a deep
transfer learning-based approach that uses chest X-ray images
from normal, COVID-19 and viral pneumonia patients to
automatically predict COVID-19 patients. In the comparison
of two different deep learning models with two different batch
size values, 525 chest X-ray images in the data set were used
to train the deep learning models and the remaining 132
images were used to test the models. According to the
performance results, pre-trained DenseNet201 model provides
higher classification performance (94.7% accuracy for Batch
Size=2, 95.45% accuracy for Batch Size=3) than pre-trained
ResNet50 model (93.94% accuracy for Batch Size=2, 94.7%
accuracy for Batch Size=3). According to the study findings, it
is believed that higher classification performance obtained
from the models will help radiologists make decisions in
clinical practice. This study provides insight into how deep
transfer learning methods can be used to detect COVID-19 at
an early stage. In future studies, the classification performance
of different CNN models will be tested by increasing the
number of COVID-19 chest X-ray images in the data set.
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Abstract – Development of an embedded system implementing
Poincare analysis in real-time to quantify finger tapping
variability is aimed. Finger-tapping signals demonstrating large,
small, and very small response initiation times are generated
synthetically. The embedded system is designed using an Arduino
Micro microcontroller unit determining the response initiation
time estimates from the signals and calculating the Poincare
parameters SD1, SD2, and SD1/SD2 for the estimates. The
signals, estimates, and parameters are also analyzed on a
personal computer for validation. The embedded system outputs
the same results as obtained on the computer. As the variation in
response initiation time increases, SD1 and SD2 increase
systematically, however, no systematic change is observed for
SD1/SD2. Real-time calculation of Poincare parameters by
embedded systems is feasible and offers simultaneous
quantification of finger-tapping variability that opens up new
opportunities for therapeutic devices. Additional work is needed
to figure out the potential benefits in practice.
Keywords - Finger-tapping, quantification, Poincare analysis,
real-time, embedded system.

F

tapping pattern captured by the setup. The sensor can be a
force-sensitive resistor, an accelerometer, or a magnetometer
[4-6] and the measures may be the time from the onset of one
finger tap until the offset of the same finger tap (response
duration time), the time from the offset of one finger tap until
the onset of the next finger tap (response initiation time), and
the total number of finger taps per unit of time (response rate)
[7]. The mean and standard deviation values of these measures
have been studied commonly. For instance, the response rate
is lower in the elderly adults compared with young adults on
average [8]. However, limited information on finger tapping is
obtained when the average or standard deviation values are
just considered.
For advanced evaluations from finger-tapping, the use of
sophisticated methods involving analyses of the tapping signal
in time, frequency, or wavelet domains are gaining increasing
interest. These methods offer detailed spectral analyses of the
finger-tapping patterns [9]. In this study, we aim to develop an
embedded system implementing Poincare analysis in real-time
to quantify finger-tapping variability.

I. INTRODUCTION

INGER tapping is influenced by visual and sound-related
incentives, emotional and physical health, and other
elements affecting nervous and skeletal systems [1]. Since its
introduction in 1947 by Ward Halstead in 1947, the test has
been preferably used in evaluating the muscle control and
motor ability in the upper extremities for detecting
neurological disturbances such as in Parkinson’s disease, and
Alzheimer’s malady [2]. The test has been also used in
neuropsychiatry by facilitating the prediction of reaction time,
cognitive impairment, and evaluation of hand skills and
coordinates [3]. Evaluation of specific characteristics or
changes in the finger-tapping pattern over time is often
performed qualitatively by visual observations that can be
advanced when an additional instrument such as a mechanical
counter or keyboard is adapted during the finger-tapping test.
However, the success of the evaluation relies highly on the
observer experience and is quite error-prone accordingly when
compared to quantitative evaluation.
Quantitative evaluation of finger-tapping patterns involves
the detection of finger tapping pattern by a sensing setup and
extraction of temporal measures of tapping responses from the

E-ISBN: 978-625-44427-4-2

II. MATERIALS AND METHODS
The work is carried out by simulations performed using the
tools provided by Proteus Design Suite (Labcenter Electronics
Ltd, England). An embedded system equipped with an
Arduino Micro microcontroller unit is designed and
programmed to apply Poincare analysis on finger-tapping
signals in real-time. The Easy HDL generator tool is used to
generate the finger-tapping signals, the virtual oscilloscope
tool is used to visualize the signals generated, and the virtual
terminal tool is used to output the results of Poincare analysis.
Figure 1 shows the electronic circuit connections between the
microcontroller and the tools mentioned.
A. Generation of Finger-Tapping Signal
The behavior of a one-touch style switch relying on
capacitive sensing technology in capturing finger-tapping
signal is considered [10]. The switch is thought to be equipped
with circuitry to minimize the bouncing artifact and to output
a digital rectangular pulse as a response to touch. While a
finger touching event is occurring, the pulse amplitude is logic
high (+5Vdc) and it is logic zero (0V) for no-touch.
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Figure 1: Electronic circuit connections.

By analyzing the finger-tapping signal generated, one may
estimate response duration time, response initiation time, and
the response rate measures for a finger-tapping sequence. In
the current study, demonstrative signals are generated
synthetically to mimic varying levels for the response
initiation time but constant response duration time and
response rate. For the purpose, a script is written for the Easy
HDL generator offered by the simulation environment. The
script expresses a finger tapping signal with a period of
550ms. The finger touch is mimicked with a rectangular pulse
with a constant duration time of 50ms and amplitude of 5V.
The pulse is superimposed on the signal for a period
considering a specific time offset, toffset (One-period signal
obtained for toffset= 250ms is as illustrated in Figure 2).
Different levels of randomness are implemented for toffset to
obtain three different signals illustrating response initiation
time with large, small, and very small variations.

2 are calculated using [11]:

(

2

)

)

(1a)

1

(1b)

The microcontroller transfers the Poincare parameters
calculated via its serial port to the virtual terminal offered by
the simulation environment to inform the user.
D. Validation
The finger-tapping signal generated, the response initiation
times estimated and the Poincare parameters calculated by the
microcontroller are validated using Matlab (v8.2; Natick,
MA). All simulations and validations are performed on a
standard desktop PC (Intel i5-4460 3.20GHz processor, 12GB
memory, and 64-bit operating system).
III. RESULTS
Three representative finger-tapping signals generated to
mimic response initiation time with large, small, and very
small variations are as seen in Figure 5. Descriptive statistics

(a)

Figure 2: One-period finger tapping signal with toffset= 250ms.

B. Estimation of the Response Initiation Time
A microcontroller program is developed using Arduino IDE
to capture and process the finger-tapping signal fed to the
digital I/O pin, D2 of the microcontroller unit. The program
detects the transits from logic 0 to logic 1 on the signal and
estimates the time elapsed between two consecutive transits
detected (i.e. the response initiation time). The microcontroller
stores the estimates and following the twenty-fifth estimation;
it performs Poincare analysis for the estimates stored.
C. Calculation of the Poincare Parameters
The microcontroller implements Poincare analysis using the
ellipse fitting technique and calculates the Poincare parameters
SD1 and SD2, and the ratio of SD1 to SD2. Let be the total
number of response initiation time estimates and let
denote the n-th response initiation time estimate
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(b)

(c)
Figure 5: Finger-tapping signal possessing response initiation time
with (a) large, (b) small, and (c) very small variations.
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for the response initiation time are 305-660ms range and
501.3ms average, and 80.4ms standard deviation for the signal
possessing large variations, 391-577ms range, 501.3ms
average, and 43.9ms standard deviation for the signal
exhibiting small variations, and 468-524ms range, 500.3ms
average and 16.1ms standard deviation for the signal unveiling
very small variations (A lower standard deviation indicates a
smaller variation).
Figure 6 shows the Poincare plots for the response initiation
time estimates from the signals obtained by the
microcontroller. Poincare parameters calculated by the
microcontroller for the estimates are as listed in Table 1. As
the variation increases, SD1 and SD2 increase, however, no
increase or decrease is observable for SD1/SD2. The
estimates and the Poincare parameter values by the
microcontroller are identical to the ones computed by using
the personal computer.

(b)

(a)

(c)
Figure 6: Poincare plots for the response initiation time with (a) large
variation, (b) small variation, and (c) very small variation.

Table 1: Poincare parameter values obtained.
Finger-tapping
signal exhibiting
Large variation

SD1

SD2

SD1/SD2

97.8

58.0

1.7

Small variation

53.9

30.8

1.8

Very small variation

19.4

11.9

1.6

Ten different finger-tapping signals are generated for each
variation degree for the response initiation time randomly.
Table 2 lists the average values for the Poincare parameters
calculated by the microcontroller unit for these signals. As
expected, there are significant differences for different levels
of variation between the SD1 and SD2 parameters however no
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significant differences are present between the SD1/SD2
parameter. As the variation increases, SD1 and SD2 increase,
however, no increase or decrease is present for SD1/SD2.
Table 2: Average values for the Poincare parameters.
Finger-tapping
s
Large variation

SD1

SD2

SD1/SD2

98.5±8.6 a

67.5±6.5

1.5±0.2

Small variation

60.6±5.3

35.2±5.4

1.8±0.4

18.5±2.8
a
Mean ± Standard Deviation

12.5±1.9

1.5±0.3

Very small variation

IV. CONCLUSION
Finger tapping test has been used in the evaluation of the
muscle control and motor ability in the upper extremities
especially for neurological disturbances such as in Parkinson’s
disease. Advanced setups allow the acquisition of fingertapping signals that may reveal the test with more details and
that may make it possible to assess the response duration time,
response initiation time, and response rate from the timings for
finger taps. However, sophisticated methods are needed to
analyze the signals. Poincare analysis offers a method to
analyze nonlinear and nonstationary signals in the time
domain revealing three parameters to reflect the variability in
the signals: SD1, SD2, and their ratio (ie. SD1/SD2). The
method has been well-accepted to characterize the variability
in heartbeat from the EGC signals [12].
In the current study, we aim to implement Poincare analysis
using an embedded system to quantify the variability in fingertapping signals in real-time. For the purpose, numerous fingertapping signals are generated considering different levels of
variation in response initiation time, and the signals are fed to
a microcontroller unit. The microcontroller performs
estimations for the response initiation time from the input
signal, applies Poincare analysis on the estimates, and
calculates the Poincare parameters. Results show that the
microcontroller performs quite fast and outputs accurate
values for the Poincare parameters making its use possible for
real-time applications aiming quantification of variability in
finger-tapping.
There are some limitations to the current study. All
implementations and analyses are performed by simulations
and the simulation environment may manage to model the
practice with a certain degree that may lead to outstanding
performances for the microcontroller unit. The finger tapping
signal consists of a sequence of noise-free rectangular signal
pulses for onsets of finger taps. Such a pulse may not be
delivered by the sensing setup in practice and this may lead to
some error in the response initiation time estimates resulting in
poor accuracy in the Poincare parameters by the
microcontroller. Poincare analysis is performed only for a set
of twenty-five response initiation time estimates from the
finger-tapping signal. Consideration of such a less number of
estimates for the analysis may not figure out the long-term
variability adequately and the Poincare parameter, SD2 may
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not be generalized well. The microcontroller runs on 16MHz
clock speed and reveals adequately fast Poincare analyses;
however, a faster microcontroller would perform faster. On
the other hand, there are some future improvements in the
current work. The finger tapping variability has been
quantified using response initiation time and we plan to
expand our analysis for response duration time and response
rate, the two other important measures for the quantification.
We also plan to convert our work into practice when the
covid-19 outbreak has lost its impact.
In conclusion, real-time calculation of Poincare parameters
by embedded systems is feasible and offers simultaneous
quantification of finger-tapping variability that opens up new
opportunities for therapeutic devices. Additional work is
needed to figure out the potential benefits in practice.
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Abstract - Today, alcoholism is an important health problem in the
world. Alcohol addiction is a brain disease and causes many changes
in the structure of the brain. Electroencephalography has an important
place as a non-invasive electrophysiological method in the
investigation of the biological aspect of alcohol dependence. In this
study, EEG data from control subjects (non-alcohol dependent) and
alcohol-dependent subjects were used. The changes of these data with
time were obtained first, then amplitude and phase spectra were
obtained. EEG signs of control and alcohol addicts were compared
spectrally. Structural differences between these two groups are
determined based on frequency.
Keywords – EEG, alcoholic data, spectral analysis, fourier
transformation.

S

I. INTRODUCTION

CIENTISTS Scientists have known for many years that
alcohol directly or indirectly interacts with various
neurotransmitters in the nervous system. What causes this
interaction is due to ethyl alcohol crossing the brain-blood
barrier. Because ethyl alcohol is a lipid-soluble substance, so it
can reach the brain [1,2].
Alcohol addiction is a chronic brain disease like other
substance addictions. It has been proven in many academic
studies that long-term and heavy alcohol use causes changes in
the brain structure. Structural changes are particularly evident
in the anterior part of the brain (frontal region), indicating that
the frontal region is prone to the toxic effects of alcohol.
Regional volume losses in other cortical-subcortical areas,
increase in cerebrospinal fluid, increase in ventricular volumes,
generally shrinkage in the brain constitute the changes reported
in neuroimaging studies [3, 4].
Electroencephalography (EEG) is valuable as a non-invasive
electrophysiological method in the investigation of the
biological aspect of alcoholism [5]. EEG is an examination
method in which the spontaneous electrical activity of the brain
is recorded through electrodes. This examination reflects the
current functional state of the brain rather than its structural
features. Therefore, despite advances in structural imaging
methods (such as CT, MRI), it still maintains its importance.
Especially in clinical pictures without a pathological finding
reflected in structural examination methods, the importance of
EEG increases even more [6, 7, 8].
The amplitudes of the brain waves on the skull surface are 0200 microvolt frequencies and 1-50 Hz or higher. Brain waves
are irregular. Different waves occur depending on the situation.
EEG waves in normal people; It is classified as, D, E, T and '.
The frequency ranges of these waves are given in Figure 1.
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D ) waves; They are rhythmic waves with amplitudes
Alpha (D
of 50PV and frequency between 8-13 Hz. In the EEG data of
calm, rested and young people, it disappears in deep sleep.
Visual stimulation stops D waves suddenly. Extraversion (less
introverted) is linked to creativity and mental work. It is one of
the most important frequencies of the brain in learning and
using the taught information.
Beta (E) waves; The waves of the person who is awake and
focused on something else disappear and are replaced by E
waves. Its frequency is 13-32 Hz, it has high frequency and low
amplitude. They are not synchronous waves. When attention is
directed to the outside world, beta activity is in a normal waking
state.
Theta (T) waves; frequency is in the range of 4-8 Hz. In a state
of frustration and emotional stress, In brain degenerative
disorders, lethargy, daydreaming, sleep or 'indirect' may
indicate the first stage of dreaming/thinking. Theta is believed
to reflect activity in the limbic system and hippocampal region.
Delta (') waves; It includes all frequencies less than 4 Hz (0.54Hz). It occurs in very deep sleep, its amplitude 2 to 4 times
greater than others.

Figure 1. Brain waves and Frequency Bandwidth [9,10].
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B. Mathematical Background
The Fourier Transform (FT) is not suitable for non-stationary
signals. Using the windowing method, Gabor handled a small
part of the sign in the time domain and expressed the sign in
two dimensions as a function of time and frequency. In this
transformation method, a certain part of the signal is passed
through a window that can be considered to be stationary and
FT operation is performed with a local frequency parameter. In
Short Time Fourier Transform (STFT) the signal is divided into
small frames and the signal is assumed to be stationary at these
frame moments. These frames where stationarity is valid are
obtained by multiplying the signal by a window function. This
technique is based on the idea of localization of FT and the
transformation process is performed by selecting an appropriate
window in the place of interest. Spectral analysis of nonstationary signals requires skilled functions that must offer very
good time and frequency resolution.
In the STFT method, if the current window centre value of
the ZLQGRZIXQFWLRQVKLIWHGRQWKHWLPHD[LVLVĲWKHZLQGRZHG
time series can be expressed with the following equation.

g (t )

f (t ).g (t  W )

a)

(1)

Then, equation (2) can be written if the Fourier Transform is
taken for this respective time interval of the windowed time
series given by equation (1).



( ).

(

2

)

(2)

Then the window is shifted to a new time value and again the
Fourier Transform of this windowed time series is taken. By
continuing this process, a two-dimensional time-frequency
image map can be created [16, 17, 18].
IV. SPECTRUM ANALYSIS OF DATA
In this study, the EEG of two non-alcoholic and alcoholaddicted individuals was collected for one second with marked
EEGs. Frequency-amplitude, frequency-phase spectrum, as
well as three-dimensional spectrum analyzes, were performed
from the collected data. In Figure 4a, the frequency amplitude
analysis of the one-second EEG signal taken from a subject
belonging to the non-alcoholic (control) group is given. In
Figure 4b, the frequency-amplitude analysis of one-second data
obtained from an alcoholic patient is given. Here, it is seen that
the data of the non-alcoholic subject is limited to 50 Hz, while
the data of the alcoholic subject oscillate at different amplitudes
up to 130 Hz.

b)

Figure 4. a) Control b) Amplitude Spectra of Alcoholic EEGs.

While the amplitude spectrum of the control EEG shows a twopeak distribution with a bandwidth of approximately 50 Hz, the
amplitude spectrum of Alcoholic EEG shows a multi-peak
distribution distributed over the entire frequency plane (Figure
4).
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V. CONCLUSIONS
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Figure 5. a) Control b) Phase spectrum of alcoholic EEG.

In Figure 5, the Control EEG draws a phase curve that goes
down to -30 degrees, while a phase spectrum descending to
about -90 degrees is observed in the EEG data of the alcoholic
subject.

The direct effect of alcohol on the brain is due to the fact that
ethyl alcohol easily crosses the blood barrier of the brain. Longterm alcohol use causes structural changes in the frontal region
of the brain. Regional volume losses in other corticalsubcortical areas, increase in cerebrospinal fluid, increase in
ventricular volumes, and generally shrinkage in the brain are
also observed. These structural disorders cause changes in the
EEG, which measures the electrical activity of the brain. These
changes have been observed in time, amplitude and phase
spectra. In the change of EEG over time, the radiography of the
alcoholic subject has a much lower period, but higher amplitude
compared to that of the control subject. In the amplitude
spectrum of the EEG, a two-peaked spectrum with a bandwidth
of 50 Hz is observed in the control, while the spectrum in the
data of the alcoholic subject has spread to the whole plane and
the amplitudes are slightly lower. In the phase spectrum of the
EEG, the phase of the control goes down to -30 degrees, while
the phase of the alcoholic subject goes down to -90 degrees.
With this analysis, this addiction can be easily understood by
spectrum analysis of EEG data of two people who are not
alcohol addicts and alcohol addicts. With this study, alpha, beta
and delta waves of alcohol-addicted individuals can be
examined separately and the distribution of these waves in these
two groups can be determined.
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Abstract - In recent years, biometric recognition based systems
have become widespread. One of these is wrist-based recognition
systems. In this study, wrist print based recognition system was
developed by using near infrared (NIR) camera. Totally 220 NIR
camera images taken from 10 for each both hands of 11 people.
The obtained data set is allocated 70%(153 images) for training
and 30%(67 images) for testing. The wrist regions are labeled on
the training set images. The labeled data was trained with
YOLOV2 architecture supported by ResNet50 one of the deep
neural network models. The trained model was tested with the
remaining 30% of the data set. In the test process, the wrist region
was determined in the NIR images with the trained model. As a
results of the study, it was seen that the wrist regions were
correctly detected in all test images and the mean value of obtained
similarity rates was %95.26. Therefore, it can be said that the deep
learning architectures ResNet and YOLO are effective in the
segmentation of the wrist region.
Keywords - Wrist Print Recognition, Deep Neural Networks,
Near-Infrared Camera, YOLO

B

I. INTRODUCTION

IOMETRIC recognition based systems are known as most
secure systems. What makes biometric systems important
in this way is that the security parameter they use is personal
and there is no risk of theft and cannot be copied. Although
there are many biometric recognition methods, fingerprint
recognition, vein recognition and face recognition are mostly
used today.
Vein recognition is a high-security biometric recognition
approach based on human vascular structure. In this biometric
identification approach, finger veins, hand veins, palm veins
and wrist veins are used as biometric parameters. The
identification systems which use wrist vein structure as
biometric input are called wrist print recognition. In wrist print
recognition system, the human wrist image is captured by using
near-infrared (NIR) camera and illumination and then the wrist
region is segmented for determining the wrist vein information.
Then, the wrist print is used for identification.
In this study, the wrist vein region was detected and marked
from the hand and wrist image taken using a near infrared
camera. In this context, a software based on deep learning has
been developed including ResNet50 and YOLO algorithms.
The performance of the system was evaluated comparatively by
testing the segmentation process on 220 wrist images taken
from 11 people.
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II. DEEP NEURAL NETWORKS (DNN)
Deep neural networks (DNN) can recognize objects without
being affected by different properties such as different
positions, directions and camera angles and environmental
factors such as lighting. A deep learning algorithms are trained
on tagged images. An architecture of DNN is shown in Figure
1.

Figure 1: A Deep neural networks architecture.

The input usually consists of images or signals. In the
convolution layers, the filtering process is applied to the 3dimensional matrices in the previous layer. The number of
filters used constitutes the depth (the size of the 3rd dimension)
of the convolution layer. In the pooling layer, size reduction is
applied. In the section called fully connected layer, classical
artificial neural network operations are performed. The output
can be defined as a vector with the length of the defined class.
The number of layers in the architecture and the filter size
and number can be changed by the user to suit the application.
In addition, the performance may vary depending on the
number of images and iterations to be used for training. If the
number of training iterations is too high, both the training time
increases and the model moves towards memorization. As the
rate of misclassification in data that the model has not seen
before will increase as a result of memorization, accuracy
decreases. In the study, it was tried to determine the wrist region
from the images taken by using the ResNet50 and YOLO
architectures.
A. ResNet50
The Residual Network (also known as ResNet) uses
redundant blocks with multiple layers to reduce training error.
Typical ResNet models are implemented with double- or triplelayer skips that contain nonlinearities (ReLU) and batch
normalization in between. During training, the weights adapt to
mute the upstream layer, and amplify the previously-skipped
layer. In the context of residual neural networks, a non-residual
network may be described as a plain network [1, 2].
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The standard ResNet architecture consists of 152 layers and
has a higher classification success than other DNN
architectures. The ResNet50 architecture used in this work, on
the other hand, consists of 34 layers. Both layer blocks in the
network are replaced by a three-layered residual block. The
residual block characterization can be given as:[3, 4]
[

]

= (

[]

+

[

]

(1)

Here, a is the activations (outputs) of neurons in layer l, g is
the activation function for layer l. In this equation, l is used for
clarity.
B. You Only Look Once (YOLO)
YOLO is an algorithm for object detection using
convolutional neural networks (CNN). It stands for "You Only
Look Once", which means "Just Look Once". The reason for
choosing this name is that the algorithm is fast enough to detect
objects in one go. The most important feature that distinguishes
YOLO from other algorithms is its ability to detect objects in
real time. YOLO uses Darknet library and has a very fast
running architecture. The reason it is so fast is that it can guess
objects and coordinates by passing any picture through the
neural network in one go. In other words, YOLO takes an
approach that solves a single regression problem while
performing the estimation process [5, 6].
When we look at YOLO's algorithm, we first see that it
divides the input picture into grids of certain sizes (3x3, 5x5,
17x17 etc.). It is then checked whether the searched object is
within the grid. The object detected in the similarity check is
scored and marked. Then non maximum suppression is applied,
which evaluates the score of each marked object, and those
below a certain confidence score are separated [7, 8].
C. Related Works
Although many studies have not been done on wrist vein
recognition, we come across studies using different approaches
in the literature. Wang et al. (2007), images of both wrists were
taken with an 800-850 nm NIR camera for biometric purposes
[9]. They were applied Median & 2D Gaussian filter for noise
reduction [10]. For feature matching, Hausdorff Distance
method was used in this study [11]. Uriarte-Antonio et al.
(2011) aimed to recognize the right hand wrist veins using the
minutiae extraction approach [12]. Vector minutiae comparison
is used in feature matching process. In the same year, Hartung
et al. performed spectral minutiae extraction in the
identification of wrist vessels [13]. In preprocessing stage,
binarization and Skeletonization were implemented after noise
reduction and edge enhancing. Convolution approach and
Location-Based Spectral Minutiae Representation were used
for extracting the feature. In this study, Hausdorff distance,
Modified Hausdorff, Similarity-based Mix-matching, SML
correlation and SML fast rotate methods were used for feature
matching [14]. Das et al. In their study in 2014, they performed
the feature matching process with Support Vector Machines
[15, 16]. Dense Local Binary Pattern approach was applied for
extracting the feature. In 2018, Nikisins et al. studied wrist vein
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recognition with cross-correlation-based comparison [17].
Adaptive histogram equalization [18] and Discrete Meyer
Wavelet techniques [19] were used in preprocessing phase.
Then Hessian matrix was implemented and the wrist vein
features were extracted in this study. In 2020, Garcia-Martin et
al. were developed portable contactless system for wrist
vascular biometric identification. a new contactless database
has been collected with the software algorithm TGS-CVBR®.
In this work, Preprocessing and Identification Software for
Contactless Vascular Biometric Recognition (PIS-CVBR®), is
the recognition algorithm [20].
III. SUGGESTED METHOD
The flow chart of the system designed within the scope of the
study is shown in Figure 2.

Figure 2: Flow chart of the designed system.

The study is primarily provided within the scope of the data
collection. Two wrist images of 11 people were taken with a
near infrared (NIR) camera. In the study, a NIR camera with a
resolution of 752x480 pixels, a monochrome (gray level) and
an infrared light source operating at 880nm wavelength was
used to capture the images. By taking 10 images for both wrists
of each person, a total of 220 images were provided in the data
set. The images obtained are gray level with a resolution of
752x480 pixels in RGB format. Images consist of 8 bits as color
depth. The sample images used in the designed system are
shown in Figure 3.

Figure 3: Image set examples.
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Figure 7: Detection of the wrist area

The percentage values for determining the wrist area, which
are formed by input (total of 67 images in the test process), are
shown in Figure 8. The process of determining the wrist area on
an image takes approximately 0.42 seconds. It took
approximately 30 seconds to determine the ROI areas of all test
images and the ROI’s were saved as a file.

Similarty Rates
1
0,95
0,9
0,85
0,8
1

6 11 16 21 26 31 36 41 46 51 56 61 66

Figure 8: Similarity rates for test images
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As a result of the study, it was seen that the wrist regions
were detected correctly in all test images and the average value
of the obtained similarity rates was 95.26%. Therefore, it can
be said that the deep learning architectures ResNet50 and
YOLO are effective in the segmentation of the wrist region.
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Abstract - Sonar is used to determine the size, distance,
direction, and other object features using sound waves. It is widely
used in submarine mining, oil exploration, submarine mapping,
tracking fish shoals, and mine detection. The advanced
engineering technology has led to the development of underwater
platforms such as developing manned and unmanned platforms
for anti-mine action operations in the military field and increased
efficiency of submarine oil and mineral exploration. In addition to
mines, other objects that are very similar in shape and structure
to mines can be observed in the submarine. Recently detecting,
identifying, and classifying sonar signals are topics that are studied
widely. Feature extraction, feature selection, selection of the most
appropriate algorithms, and hyper-parameter optimization
studies of these algorithms, which should be used to identify and
classify sonar signals, are seen as scientific problems studied for
many years. In this study, instead of commonly used machine
learning algorithms and feature extraction processes, it is
suggested to use mathematical conversions with an innovative
approach. The performances of deep learning methods are
compared in this problem. With an innovative approach applied
on a data set containing 208 signal information in time-series
format; Time series data has been transformed from onedimensional data to two-dimensional format by using conversion
methods with specific features to image format. The conversion
methods' performance was measured by the classification results
of mines and rocks using deep learning algorithms on the pictures
obtained. Moreover, the performance results obtained with deep
learning algorithms and comparing the results obtained with
classical algorithms are analyzed in detail. Compared with other
studies in the literature, it has been recognized that the proposed
time series data-to-image approach eliminates the need for feature
extraction and obtains sufficiently good results.
Keywords – MTF, GAF, RP, CNN, Sonar, Deep Learning.
Support Vector Machine, Machine Learning.

I. INTRODUCTION

I

n recent years, exploration of the underwater world, detection
and classification of underwater objects and targets occupy
an essential place in many applications for civil and military
purposes. Sonar (Sound Navigation and Ranging), which is
used to explore the underwater world, is used to gain
information about the size, distance, and structure of objects
using sound waves [1]. Although sonar systems were initially
developed for naval warfare, today they are used in many
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essential areas with the purpose of oil and mineral exploration,
seafloor mapping, detection of fish shoals, measurement of
waves and currents, detection of sunken ships, drowned and
submerged people, wreckage such as aircraft and underwater
search and rescue purposes in many essential areas [2]. Today,
sonar systems occupy a vital place in the defense industry for
underwater target and mine detection [3]. Not only in times of
war, but especially in times of peace, often used to protect
coastal security, ship landings, and port controls, and such
matters as conducting sonar systems healthily, have started to
offer more advanced opportunities in the fields with the
development of technology [4]. With the development of the
technology, both the quality and the features of the signals, and
images received from sonar devices have increased. In recent
years, although the lack of data sets and resources, especially
for mines and similar objects, several studies conducted with
both images and signals has made research in this field difficult,
still there are a limited number of studies based on machine
learning-based and statistical analysis methods published in the
literature [4], [5], [6], and [7].
Detection of mine objects with artificial intelligence
algorithms becomes difficult due to the high diversity of
underwater mines, the similarity of other objects such as rocks,
debris, and cables to mines in shape and structure, signal
reflections, and disruptive noise effects on the signal. Classical
machine learning algorithms are based on feature extraction.
Obtaining these attributes explicitly developed for the problem
can be done with field expertise. Besides, choosing the most
important features among the produced features plays a vital
role in training machine learning algorithms and developing
and improving the results. As a result of the increase in the
number of features named "curse of dimension" [8], generating
an excessive number of features causes an exponential increase
in the number of training data required for the algorithm. Using
less training data and too many attributes cause the algorithm to
overfit. When such situations arise, machine learning
algorithms get unsuccessful results in classification or
regression problems because they lose their ability to
generalize. Although deep learning methods, in which feature
extraction and selection processes can be performed
automatically instead of classical algorithms, provide more
advantages in this regard, they require more data to achieve
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successful results. This study proposes a new method for the
binary classification problem using a dataset containing sonar
signal data obtained using cylindrical mines and cylindrical
rocks similar in shape and size to mines [9]. Using the proposed
method, we focused on the classification problem of rocks and
mines, a dual classification problem, and compared classical
machine learning algorithms and deep learning algorithms.
Compared to other literature studies, converting onedimensional time-series data to image format with an RGB
channel was used. Changing the data representation ensured
that convolutional neural networks-based deep learning
architectures were used, and it was determined that successful
results were obtained with limited data. In this paper; in the
second section, a brief literature review summarizes the
algorithms used and examines other studies using the dataset
used in this paper. In the third section, the mathematical model
and the technical explanation of the innovative approach used
in this study are made. In the last section, all the results for
experiments performed in order to compare algorithm
performances are shown, and the findings are discussed.
II. LITERATURE REVIEW / RELATED WORK
A study conducted in the field of classification of underwater
objects [9] determines whether the target is a cylindrical mine
or a cylindrical rock according to the returning signal from two
different underwater objects. In this study, to compare the
effects of the number of hidden layers and the viewing angle on
the result, experiments have been made in different hidden
layers and depending on and not depending on the viewing
angle. K-Nearest Neighbor Classification algorithm (K-NN)
was used in their studies. The performance of the people who
examined these signals with the latest results was compared,
and it was found that human performance remained low
compared to the studies. The resulting high accuracy value of
90.4% depends on the viewing angle and obtained in trials with
12 hidden layers. In another study performed with the same data
set [10], the Generalized Regression Neural Network (GRNN)
method was used to classify the sonar data set. When using the
GRSA method, when they added the feature extraction method
known as Principal Component Analysis (PCA) to the study, it
was observed that the classification performance improved.
In this study, the accuracy of the classification was evaluated
by ROC analysis. The result was 91.34% when only the GRSA
method was used, while the result was 93.26% when TBA was
used in addition to GRSA. In another study conducted on this
problem [11], nine sample-based genetic algorithms (GA)
classifiers were used in various variations to find a better
performance in generalization ability and training efficiency.
The performance obtained as a result of these variations was
compared. The nine methods mentioned have been tested with
19 datasets. The sonar dataset's highest success rate was 53.43%
in the model named TS2. In another study using the C4.5
decision tree [12], the problem of classifying sonar targets by
improving the performance of the C4.5 decision tree by adding
the Knowledge Acquisition (IG) feature evaluation process was
studied. Another point worth noting in this study is that feature
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selection improves computational efficiency while increasing
the classification accuracy. It has been stated that the accuracy
of the C4.5 algorithm, which is working with BK, has increased
by more than 10% and reached 81%. In another study
conducted on the analysis of sonar signals [13], sonar signals
will turn into a data set of increasing size with an uninterrupted
data flow. The performance problems of this size have been
investigated. It was emphasized that data processing time
should be kept as short as possible to detect data with a
continuous flow such as sonar signals in real-time. In this study,
a new strategy called iDSM-CA, which is designed to clean
noisy data gradually using fast collision analysis, is presented
as a solution to this problem. With this strategy, sonar
classification tests were performed with six classification
algorithms in total. In another study conducted on a similar
problem [14], it is aimed to solve the complexity of the decision
boundary that algorithms have to find in the classification field.
In order to solve this problem, the Incremental Maximum
Gaussian Mixture Partition (IMGMP) algorithm is proposed for
classification. This algorithm uses a divide and conquers
strategy to calculate a suitable decision boundary. K-Means
algorithm was used to divide the data into clusters. It was
emphasized that the performance of IMGMP is highly
dependent on the cluster size in establishing the decision
boundary, and a result with an accuracy of 82.79% was
obtained. In another study [15], a new algorithm is proposed to
solve this problem of the nearest neighbor classification KNearest Neighbor Classification Algorithm (KNN), which
occurs because the calculation cost increases when the size of
the data set increases. While the KNN algorithm calculates the
distance between the training data and the test data, the MIMEKNN algorithm has been proposed, which will maximize the
distance between classes and the minimum in-class distance
due to the complexity of this calculation as the data set grows.
As a result of the studies, while the KNN algorithm provides an
accuracy rate of 74.50%, the accuracy rate of the MIME-KNN
algorithm has been obtained as 82.20%.
The results of all these studies are given in Table I in the
Results section.
III. MATERIAL AND METHODS
The proposed method is based on converting time series data
to three-channel (RGB) or single-channel (gray) lossless image
format. In this transformation, the spatial and temporal changes
of data in each frequency band are handled differently, and
transformed into a three-dimensional picture format by onedimensional data transformation. In this newly-converted
picture format, it is possible to create additional features that
cannot be used or obtained in one dimension, and with this
information representation results in increasing classification
performance. When the time series data is converted into image
representation, the classification problem can be solved using
classical image processing methods on these pictures. Two
hundred and eight different signals obtained from 60 different
bands from the sonar device were broadcast in time-series
format [9]. Data in this format is transformed into an image
format (RGB) using transformations with specific properties. In
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the study, the visual transformation of the time series data was
carried out with three different methods called Gramian
Angular Field, Markov Transition Field, and Recurrence Plot.

=

=

(

=

( )
( )

( ))

(1)

( )

( )
( )

( )

(2)

The obtained new time series values are expressed in the polar
coordinate plane by encoding the time stamp as angular cosine,
and the time stamp as a radius. In Eq. (3). Here ∅ angle is a
fixed parameter for regulating the polar coordinate,
timestamp, r radius, and N polar coordinate plane.
∅ = arccos( ), −1 ≤
=

=

,

≤ 1,

∈
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⋮
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⋯
⋱
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After the time series are rescaled, they are transformed into a
polar coordinate system with the help of Eq. (3). Using this data,
converted into a polar coordinate system, according to the
desired output, trigonometric addition or difference is
transformed into matrix structure via Gramian Angular
Summation Field (GASF) Eq. (4), Eq. (5) or Gramian Angular
Difference Field (GADF) Eq. (6), Eq. (7). The conversion is
completed by using the cosine functions for GASF and the sine
functions for GADF.

Figure 1: Flow chart for the proposed method.

A. Time Series-Image Transformation Approach
In this study, three different mathematical transformation
methods are used to obtain images from the time series. These
methods were used as Gramian Angular Field (GAF), Markov
Transition Field (MTF) [16], [17], and Recurrence Plot (RP)
[18], respectively. The RGB color map represents the values
transformed by GAF and MTF methods. In the color map,
colors close to blue and blue represent smaller values, while
colors close to red and red represent the values with larger
amplitudes. RP, on the other hand, is represented by a black and
white image with a single channel. The time-series data
properties are defined as 2-dimensional images with colors,
dots, and lines at the corresponding positions in the image in
which they are transformed and differ from each other.
1) Gramian Angular Field Transformation
In the angular field, the time series is represented in the polar
coordinate plane instead of the Cartesian coordinate plane. In
the GAF, each element is the cosine of the sum of the angles.
GAF has two different methods. These methods are Gramian
Angular Summation Field / GASF Gramian Angular Difference
Field / GADF. In the Gramian angular area method, each point
in the given time series is rescaled. So each value in Eq. (1) with
[-1, 1] or in Eq. (2) with [0, 1].

.

=
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At the end of this step, the data in the time series format is
encoded in a picture format containing 3-channel RGB color
coding, and the transformation process is completed. An
application of the described method is shown in Figure 2.

Figure 2: Gramian angular field transformation.

2) Markov Transition Field Transformation
Markov transition matrix with transition probabilities for the
time series decomposed in MTF is created. This matrix is then
transformed into an image. In the Markov Transition Field, a
matrix of size × is created from a given time series. First
of all, the partitioning process is completed by defining the time
series’ quantitative divisions and assigning each to its
corresponding quantile divisions. In the equation given in Eq.
(8), it shows the Markov Transition Matrix obtained by dividing
the data by the Q quantile interval:
⎡
=
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The transformation process is completed by encoding the
probability-based matrix obtained with this transformation in a
picture format that includes 3-channel RGB color coding. An
application of the method described is shown in Figure 3.

(4)
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Figure 3: Markov transition field transformation.

3) Recurrence Plot Transformation
Recurrence Plot; it is a method used for repetitive processes
such as time series, periodic data, and cycles and visualizes
these processes in two dimensions. RP is also an advanced
technique that is frequently used in the applications of nonlinear
data analysis. The primary purpose of recurrence plots is to
examine the higher dimensional phase space trajectories
visually. RP’s can be applied to short and unstable data. In the
Recurrence Plot method, the image is created by calculating the
distance of each point in the time series to the same time series.
In this method, which works to visualize a time-dependent
behavior, the primary step of the visualization is calculating the
× dimensional matrix obtained from the time series [18], a
tool that can visualize the repetition of in ith states in phase
space. The mathematical representation of the repetition graph
is shown in Eq. (9).
,

=Θ

− ∥∥ ⃗ − ⃗ ∥∥ , , = 1 …

average of 5 turns to be chosen randomly from each viewpoint
out of 1200 signals sent as a return to signals sent from different
angles, provided that they are up to 180 degrees for rocks and
90 degrees for mines. Of the 208 data obtained, 111 belong to
cylindrical mines and 97 to cylindrical rocks. Each data is a set
of 60 numbers, ranging from 0.0 to 1.0. Each number represents
the energy collected over a fixed period in a given frequency
band. Although each number does not precisely reflect the
angle value, they are ordered in ascending angles. In the
classification of each data, the data rock is labeled as R, and the
mine as M. In Figure 5 and Figure 6, the graph of the sonar
signal returns in the time series axis belonging to all mines and
all rocks in the data set. As can be understood from these
graphics, there are differences in returning to the sonar signals
sent to objects.

Figure 5: Signal return values corresponding to the frequency band
measured for all mine targets.

(9)

In Eq. (13) ℰ is a threshold, is the number of data points to
be calculated,
is a stepwise function. This tool allows to
investigate the m-dimensional phase space trajectory through a
two-dimensional representation of its repetitions. Such a
repetition of a state at a different time is marked by ones and
zeros (black and white points on the graph) within the twodimensional square matrix. This representation is called the
Recurrence Plot (RP). The transformation process is completed
by encoding the bivalent matrix obtained in a picture format
containing one channel color coding. An application of the
method described is shown in Figure 4.

Figure 6: Signal return values corresponding to the frequency band
measured for all rock targets.

V. BRIEF DESCRIPTION OF USED MACHINE LEARNING
METHODS

IV. DATASET

In this study, classical machine learning algorithms, which
are frequently encountered in the literature, were selected for
this binary classification problem. Selected classic machine
learning algorithms are Support Vector Machine, Decision Tree
Algorithm, K-Nearest Neighbor Algorithm, Linear
Discriminant Analysis, Gauss NB, Logistic Regression, and
Random Forest. Their performance was optimized by hyperparameter selection specific to the algorithm. In the following
subsections, these methods are briefly described and compared:

The data set [9] used in this study was created with the signals
reflected from cylindrical mines and cylindrical rocks
resembling these mines from different angles. The cylindrical
mines and cylindrical rocks from which the sonar data sets were
obtained are approximately 5 ft. long. There are a totals of 208
data in the data set. These data were obtained by taking an

A. Convolutional Neural Networks (CNN)
Convolutional neural network is a deep neural network
consisting of neurons with learnable weights that can process
data strings such as image classification, widely used in
computer vision. As the proposed deep learning architecture, a

Figure 4: Recurrence plot transformation
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custom convolutional neural network given in Figure 7 has been
designed, and used due to the small number of data. It has been
determined that a less complicated network is appropriate
because other architectures commonly used in the literature
generally overfit and memorize the data.

Figure 7: The convolutional neural network architecture used.
B. Support Vector Machines algorithm (SVM)

SVM is a supervised learning algorithm, is a vector space-based
algorithm that determines hyperplanes to separate data from
each other by finding a decision boundary between data.
Among the advantages of the SVM algorithm are that it is
effective in high-dimensional data, makes memory usage more
efficient thanks to the training points it uses, and makes
versatile decisions with different kernel functions. SVM uses
kernel methods to deal with nonlinear data because these
methods create nonlinear combinations of the original
properties of the data and make a mapping that separates these
methods linearly and thanks to this mapping, a linear support
vector machine algorithm transforms the training data into a
higher dimensional feature area makes it trainable with. While
performing all these operations, it uses kernel tricks since
calculation cost will increase in cases where the size of the data
set is too high.
C. Decision Tree Algorithm (DTA)
DT algorithms are used as a solution to both classification, and
regression problems. It is a tree structure consisting of decision
trees, decision nodes, and leaf nodes. Using the decision
algorithm, it is started from the tree root, and the data on the
most informative features are divided and the process is
repeated until the node takes its purest form. Decision trees can
be a tree with many nodes with this method, resulting in oversleeping. In order to prevent overfitting in decision tree
algorithms, a limit should be determined for the maximum
number of nodes of the tree to be formed, and pruning should
be done. The decision tree algorithm can be used to process both
numerical, and categorical data, and it can process highdimensional data in a short time due to its low computational
cost. For this reason, it is preferred when data size increases
among alternative algorithms.

D. K-Nearest Neighbor Algorithm (K-NN)
K-NN algorithm is an algorithm known as non-parametric
sample-based learning. The model in this algorithm memorizes
the training data set and finds the nearest neighbors as many as
k number given to the algorithm in the data set, depending on
the distance metric selected, and determines the classification
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tag of the data according to the majority. The K-Nearest
neighbor algorithm allows easy adaptation for new data.
However, it should be kept in mind that the cost of calculating
these new samples increases in the worst case in direct
proportion to the number of samples in the training data set,
which is one of the main disadvantages of this algorithm.
E. Linear Discrimination Analysis Algorithm (LDA)
LDA is an unsupervised algorithm used to reduce the number
of dimensions in the data set. LDA algorithms can also be used
as a feature extraction technique to increase computational
efficiency, and reduce overfitting due to "curse of dimension"
in dirty data [19]. LDA computes the N-dimensional mean
vector for each class by standardizing an N-dimensional data
set creates the distribution matrix between and within classes.
Converts matrices created here into low dimensional feature
spaces. It is an algorithm that uses the covariance matrix to
parse the data set. It works according to Fisher's score function,
and estimates the linear coefficients that maximize the score. It
tries to find linear combinations of variables that best describe
the data and tries to model the difference between data classes.
It can be used as a pre-process to extract features and identify
classes prior to classification operations.
F. Gaussian Naïve Bayes Algorithm (GNB)
GNB algorithm is one of the Naive Bayes algorithm types.
GNB is the type of supervised learning algorithm used when it
has properties consisting of continuous values. In this algorithm
developed on the basis of Bayes' theorem, each feature is
considered independent from each other, which allows it to
perform better than dependent models such as logistic
regression. Good results can be obtained in both small size data,
and high size data. Before using the Naive Bayes algorithm, the
preprocessing and feature selection of the data should be done
very well. Because there are not many parameters that can be
optimized to change the result in the Naive Bayes algorithm,
this optimization should be done first.
G. Logistic Regression Algorithm (LR)
LR algorithm is a supervised machine learning algorithm that is
very easy to implement. It is used in regression problems as well
as classification problems. It performs better in a classification
that can be separated linearly. Logistic regression, which is a
simple but powerful algorithm for linear and binary
classification problems, gives better results especially when the
variable type to be predicted is category type. The logistic
regression algorithm establishes the relationship between the
probability of a variable and its attributes in the data set. It deals
not only with the class to be predicted but also with predicting
the probability of the variable in the class. The algorithm uses
the logit function to estimate the logarithmic rate of an event.
The logit function takes input values between 0 and 1 and
converts these data to values across the entire range of real
numbers to represent a relationship.
H. Random Forest Algorithm (RF)
RF is an algorithm used in both classification and regression
problems that can prevent overfitting by creating more than one
decision tree. Regardless of whether the data is separated
linearly in the random forest algorithm, the most important
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features are inferred with all the decision trees created. Unlike
the classical decision tree algorithm, the random forest
algorithm tries to find the most important one in a random
feature subset instead of finding the most important feature
when dividing a node into sub-nodes.
VI. RESULTS
Before performing image transformation over time series with
the sonar signals in the data set, classical classification
algorithms such as; DT, K-NN, LDA, Gaussian NB, LR, RF,
and SVM algorithms have been trained and tested for this
problem. Each algorithm grid-based hyperparameter search
method was applied, and results were noted for the reserved and
unseen test set. In order to identify the features for the classical
machine learning algorithms, energy levels obtained from 60
frequency bands were used as features in the data set. For
classical machine algorithms, feature selection or feature
engineering methods were not performed. A new dataset is
created with the pictures obtained with image transformation
over time series methods in the same order as the case of the
classical algorithms. In both cases, 75% of this dataset was used
for training and 25% for testing. All the algorithms’
performance was measured with accuracy, precision, recall and
F1 – Score metrics and given in Equations (11-14).

Accuracy =

(11)

Precision =

(12)

TP

(13)

− Score =

(14)

Recall =

In these equations, TP represents the number of the actual
positive values, TN, the true negative values, FP the false
positive value and the FN the negative value. Using these values,
precision, recall, accuracy and F1 criterion values are calculated
for each algorithm to measure their performances.
The radial based function and C = 1.5 parameter values,
which are among the nonlinear SVM algorithm kernel methods,
have been studied, and the highest success rate has been
achieved. DT algorithm parameters used in this study and
giving the best results; Gini Information Criterion, the
minimum number of instances required to split a node is 2, the
minimum number of instances in a leaf node is 1, the maximum
leaf node is not used, the class weight is not used, and the
complexity parameter is 0.0. K-NN algorithm achieved the
highest success rate when the value of k was trained as 1 with
the data set in this work. Uniform value was given as weight,
and auto was chosen as the algorithm, enabling it to decide the
most appropriate algorithm according to the values. Since the
data set in this study has many features, while working with the
parameters of the LDA algorithm, the covariance matrix was
not calculated using singular value decomposition (SVD) as a
solvent. In addition to this parameter, the tolerance value was
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selected as 1.0e-4 because the other parameters were used as
shrinkage auto, priority none, the number of components for
dimension reduction none, covariance storage false and the
solvent SVD. Random forest, parameters to achieve the best
results with the data set in this study, the division criterion
entropy, the maximum depth 15, the logarithm of the function
required to find the maximum number of features, the minimum
number of samples in a leaf node is 5, the minimum number of
samples required to divide a node is 3, The number of trees to
be created was 1000, and the number of processors was
unlimited. All the results obtained from these algorithms are
given in Table 2. Among the success rates, the highest result
with 0.90% was SVM and the random forest algorithms with
0.86%.
Table 1: Comparison of results obtained from studies in literature
review

[10]
[11]
[12]

[13]
[14]

[15]
[16]

Nearest Neighbor Classification – 12
L
Hi
GRNN it PC
RS1
RS2
RSU
TS1
TS2
TSU
RW1
RW2
RWU
C4.5 with IG
NBup with iDCM-CA
SVM with iDCM-CA
NN with iDCM-CA
DT with iDCM-CA
IBK with iDCM-CA
LWL with iDCM-CA
IMGMP
MIME KNN

90.40
93 26
49 50
51 95
51 40
51.93
53.43
49.98
51.93
52.88
51.38
81.0
82.50
60.0
88.75
96.25
85.0
96.25
82.79
82.20

Gaussian NB with the data set used in this work, the previous
probabilities of the classes were not specified in the parameters
studied in order to achieve the most ideal results, and the
smoothing value required for calculation stability was chosen
as 1.0e-9. Logistic regression, in this study, in order to achieve
the most ideal results with the data set, the parameters were
chosen as penalty norm L2, the solver as "linear" because the
size of the data set was not high, the maximum iteration number
was 100, and the warm start value was chosen not to be used
because the solver value was linear.
Among the deep learning techniques, a convolutional neural
networks architecture, which is quite successful and popular in
image processing, was established, trained, and tested. The
proposed custom convolutional neural network architecture is
trained separately for each transformation process after data
transformations are completed. Binary cross entropy loss
function with L2 regularization is used for optimization and for
training, Adam optimization algorithm with learning rate
1.0e-5 was chosen and iterated over 100 epochs. Throughout

36

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

the iteration, the learning rate has been decreased to a certain
extent and it has been tried to reach the minimum value in the
loss function.
Table 2: Classical machine learning algorithms results of sonar
signals in the data set with classification algorithms
SVM

REFERENCES
[1]
[2]
[3]
[4]

0 90

[5]

0 86

Random Fore

Logistic

0.83

Gaussian Naïv

0.67

Decision Tree

0.71

K-NN

0.86

LDA

0.76

[6]

[7]
[8]

0 75

0.80
0.77
0.75

0.84
0.77
0.75

The success rates obtained with this convolutional neural
network trained after RP, MTF and GADF transformations
were 95.3%, 96.65% and 95.43%, respectively. All the results
and metrics obtained with this proposed method are given in
Table-3.
Table 3: Time series – Image transformation method and the best
results of the proposed custom CNN architecture
RP
MTF
GADF

Accuracy
0.9434
0.9323
0.9057

Precision
0.9340
0.9565
0.9167

Recall
0.9620
0.9212
0.8798

F1
0.9477
0.9385
0.8979

VII. CONCLUSION
This study proposed a novel information representation
method for time series to obtain higher performance for
classification problems without using any feature engineering
and feature selection methods. The proposed method consists
of converting regular time series to an image representation by
implementing MTF, RP, and GAF transformations. After these
transformations, spatial and temporal properties of time series
are preserved and information stored as regular images.
By comparing the performance of classical ML and DL based
time series-image transformation methods, it was seen that the
proposed method could reach the best accuracy, precision,
recall, and F1 score values of all. From Table 2 and Table 3, it
was determined that the counting based probabilistic image
transforms give better results for this data set. It is thought that
the proposed method can be used as a more efficient feature
extractor than classical methods thanks to RP, GAF, and MTF
transformations, and it is the transformation method that takes
into account the spatial correlation. These results prove that
usage of the computer vision based DL algorithms without
doing any feature engineering or selection can be proper for
classification problems, especially for time series data.
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Abstract – Deep learning approach in the fields of machine
learning and artificial intelligence has facilitated the solution of
many problems and has started to be used frequently. In today's
technology, sharing opinions on various topics on social
networking platforms, comments made on products on web blogs
or e-commerce sites have made the issue of analysis of Turkish
texts even more important. The transfer of users' thoughts and
experiences through these platforms has helped companies to have
an idea about their consumers. For this reason, the classification
of short texts such as sentiment analysis, product reviews, movie
reviews and tweets has become a focus. In this study, the deep
learning approach used for Turkish text analysis will be
mentioned and the models with effective results using this
approach will be compared. The study is a survey article.
Keywords – deep learning, natural language processing, turkish
text analysis, machine learning, artificial neural networks,

I. INTRODUCTION
EEP learning is an important current subfield of
artificial intelligence and machine learning
topics that are very popular today. Deep learning
methods are generally developed on artificial neural
network studies. However, unlike these studies, they
are based on more hidden neurons and layers [1].
Deep learning methods; It has yielded very
successful results in processing many data types such
as video, audio and text [2]. While mostly one
method can be successful in text data processing such
as natural language processing, a different method
can give more successful results in processing video
and audio data [3]. In some studies, suggested deep
learning approaches can be successfully used in
multimodal learning (including different modes such
as text, image and sound at the same time) [4].
Among the application areas of deep learning
methods; Language modeling and natural language
processing, speech and speech processing,
information retrieval, object recognition and
computer vision, as well as multi-modal and multitasking learning [5].
Natural Language Processing (NLP) is a way of
analyzing and obtaining meaningful information

D
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between the languages people speak and the
computer language. Although it is generally regarded
as a sub-science of computer science and linguistics,
deep learning approaches, which are frequently used
in this field recently, largely exclude the necessity of
linguistics. The purpose of NLP is to examine
problems
in
automatically
creating
and
understanding natural languages [6]. NLP helps to
ensure human-computer interaction by processing
voices and texts produced by humans.
NLP are theoretically motivated computational
techniques for automatic analysis and representation
of human language. In an environment where people
of all ages can access social media, the amount of
data produced continues to increase day by day. Data
created naturally by humans are not in a state to be
directly processed. Therefore, the effort to make
sense of data and use it efficiently in order to provide
human-machine communication required it to work
with many areas. While NLP studies in the early days
focused on individual words, now they have focused
on the relationship of words with each other and
semantics studies on the whole [7].
NLP studies first go through a preprocessing that
extracts features from sound or text to understand the
text. Then, morphology, syntax, semantics and
speech processing studies can be carried out. These
fields of study have some difficulties in terms of
word roots, word contexts and semantics. Grammarrule-based NLP studies developed to overcome
difficulties are based on handmade features [8].
Handmade features take time and are insufficient [9].
Deep learning, which is an important application of
artificial intelligence methods developed to
overcome the deficiencies, has provided better
results with its artificial neural network structure,
powerful hardware and big data input [10].
In this study, the deep learning methods used to do
NLP will be explained, the third part will talk about
the natural language processing problems performed
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on the text, the fourth part will mention the studies
made for Turkish texts and finally, the evaluations
will be made about them.
II. DEEP LEARNING 0(7+2'6
This section discusses several popular deep learning
networks. Table 1 contains a summary of the deep
learning networks introduced in this section, their
key key points and the most representative
documents.
Table 1: Brief summary of deep learning networks
Deep Neural Networks

Specifications
It is applied in many areas, but
it can slow down the learning
process with its application
area.

Deep Autoencoders

It is a special artificial neural
network
used
for
unsupervised learning [11].

Deep Belief Networks

It is a specialized class of
Boltzman machine that can
operate with supervised and
unsupervised.

Deep Boltzman 0DFKLQH

It can be used with supervised
and unsupervised, but the
training process can be slow.

Generative Adversarial
Networks

Unlike other machine learning
algorithms, it has the ability to
generate as well as learn.

Variational Autoencoders

It is an unsupervised learning
based probabilistic graph
model.

Recursive Neural Networks

These networks are used to
PRGHO6HTXHQWLDOGDWD

Recurrent Neural Networks

It is good at identifying
sequential patterns. Using
/670 /RQJ 6KRUW-Term
0HPRU\ IRUQDWXUDOODQJXDJH
processing yields successful
results.

Convolutional Neural Networks
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It is mostly used on computer
vision and visual data. Even if
big data is needed, it gives
successful results. It is also
good at natural language
processing problems.

A. Deep Neural Networks
In today's conditions, the increase in data volume, the
large number of variables in the data set, and efforts
to analyze the complex and hierarchical relationships
between variables have increased the interest in
artificial neural networks-based deep learning
approach. Deep neural networks are defined as the
structurally deepened and expanded form of artificial
neural networks. In other words, deep neural
networks are the cases where the number of hidden
layers in artificial neural networks is more than two
and the number of neurons in these layers is high
[12]. This network has an input layer and is directly
connected to the output. With this algorithm,
classifiers can be developed for the separation of
patterns that can be separated linearly [13].
B. Deep Autoencoders
Autoencoders are one of the most popular models in
Deep Learning area. As the name suggests, it aims to
learn to convert any data to code automatically. It
consists of 2 parts: Encoder and Decoder. These 2
parts are trained together as if they were a single
model during the training phase. After the training,
these models are separated and used to compress and
decompress the data. For example, if the data is to be
moved from one place to another, less data can be
carried by installing an Encoder on the sender and a
Decoder on the receiver. The purpose of the
autoencoder model is to compress the given data and
regenerate it with as little loss as possible. Therefore,
the loss function of the system is the difference
between output and input. The generated code is
obtained by taking the output of the middle layer.
This layer is called the bottleneck layer and
determines the size of the code to be obtained. In
other words, this layer determines how much
compression will be made.
C. Deep Belief Networks
Deep belief networks (DBN), proposed by Geoffrey
Hinton et al., Are created by stacks of Restricted
%ROW]PDQQ0DFKLQHV In other words, the object in
WKHVWDFNVFUHDWHGE\5%0LVXVHGLQILHOGVVXFKDV
video sequences and motion capture. In short, it is a
neural network approach that consists of
VXFFHVVLYHO\ DGGHG 5%0 OD\HUV ,W LV UHDOL]HG E\
WUDLQLQJ 50%V UHVSHFWLYHO\ 'HHS EHOLHI QHWZRUNV
DUFKLWHFWXUH FRQVLVWV RI PDQ\ 5%0V '%1V DUH
divided into more than one sub-branch and the usage
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G. Recursive Neural Networks
6LPLODU WR 511V UHFXUVLYH QHXUDO QHWZRUNV DUH
natural mechanisms for modeling sequential data.
This is because language can be viewed as an
iterative structure in which words and
subexpressions form other top-level expressions in a
hierarchy. In this structure, a non-terminal node is
D. Deep Boltman Machine
represented by the representation of all its sub-nodes.
A Boltzmann machine is a stochastic recurrent neural
The basic recursive neural network combines
network type. Boltzmann machines are seen as the
components in a bottom-up approach to calculate the
stochastic, productive counterpart of Hopfield
representation of higher-order expressions. In one
networks. These are among the first neural networks
YDULDQW 09-511 0XOWL-View Recurrent Neural
that can learn internal representations and can
Network), words are represented by both a matrix
represent and solve difficult combinatorial problems.
and a vector, meaning that the parameters learned by
Difference from DBN; deep boltzman machines
the network represent matrices of each component
have non-directional connections between all layers
(word or sentence). Another variation, the recursive
of the network. Another difference is that the time
neural tensor network (RNTN) allows more
complexity is higher in deep Boltzmann machines
interactions between input vectors to avoid large
and therefore the learning process is slow in large
SDUDPHWHUV DV LQ WKH 09-RNN. Recursive neural
data sets [13].
networks show flexibility and are combined with
E. Generative Adversarial Networks
/670XQLWVWRGHDOZLWKSUREOHPVVXFKDVJUDGient
Adversarial generative networks (GAN) were first fading. Recursive neural networks are used for a
LQWURGXFHG DW WKH 1,36 FRQIHUHQFH LQ  E\ ,DQ variety of applications: decomposition, using phraseGoodfellow and his working group. Adversarial level representations for sentiment analysis,
generative networks are not traditionally supervised classification of semantic relationships (eg topiclearning algorithms, although there have been some message), sentence relationship.
examples in the field of supervised learning lately,
adversarial generative networks can be classified as
H. Recurrent Neural Networks
unsupervised learning algorithms in terms of
Recurrent neural networks (RNNs) are networks in
definition and behavior. To elaborate a little more,
which connections between units form a directed
adversarial generative networks consist of two
loop. With RNN, dynamic temporal behavior is
different network structures. The first of these is the
allowed. RNNs can use their input memory to
generative network and the other is the
manipulate inputs. This feature makes RNNs a
discriminating network. While the generative
usable method in handwriting recognition and
network creates new data from a sample data set, the
speech recognition. People don't learn new meanings
discriminating network tries to distinguish real and
for a word they just learned. They attribute meaning
fabricated samples by looking at the data generated
to the newly learned word based on similar
with the source data set.
previously existing words. However, traditional
F. Variational Autoencoders
artificial neural networks do not have this
New data can be generated by using Variational signification feature found in humans, and this is
Autoencoder (VAE), which is a type of Autoencoder, their biggest shortcoming. For example, when you
as is done in GANs. Unlike Autoencoders, VAEs want to classify the activities by looking at all the
learn a certain probabilistic distribution on the frames in the video, traditional neural networks will
bottleneck layer. In this way, new data can be not be able to classify them as they cannot make
generated from this distribution by using arbitrary sense between frames like humans. RNN, on the
codes. For example, by giving cat photos to the other hand, will create a loop, enable the use of past
model, new cat photos or 3D models can be produced information, and thus make classification by making
new 3D models and their resolutions can be sense between frames. In traditional artificial neural
networks, results from cells do not come back to
increased.

purposes of each sub-branch are processed in
different ways. Therefore, these studies have been
included in many different ways in many different
ILHOGV6WXGLes are carried out on this subject under
the following headings: Image Identification, Video
6HTXHQFHV0RWLRQ&DSWXUH6SHHFK5HFRJQLWLRQ
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them as inputs. In RNN, the result coming out of the
cell comes back to itself as an input. In the period of
time, the same cell repeats itself more than once.
Thus, interpretation can be established between the
IUDPHV6LQFH511VFDQIRUPDcycle, they can make
sense of sequentially developing activities with each
other. It has been widely used in recent years due to
the ability to classify activities in the flow. RNNs
have many uses; speech definition, language
modeling, language translation, image captioning
and so on.
ø Convolutional Neural Networks
Another type of deep learning is convolutional neural
networks (CNN), in which each module consists of a
convolutional layer and a pool layer. These modules
are usually stacked on top of or on top of a deep
neural network to create a deep model [14]. The
convolution layer shares many weights, and the pool
layer downsamples the output of the convolution
layer and reduces the data rate from the layer below.
Weight sharing in the convolutional layer, together
with properly selected pooling schemes, gives the
CNN some "invariance" properties. It has been
suggested that such limited "invariance" or equal
variance is not sufficient for complex pattern
recognition tasks and more principled ways of
dealing with a wider range of invariance may be
QHHGHG>@0RUHUHFHQWO\&11KDVEHHQIRXQGWR
be effective for speech recognition, with appropriate
modifications from the CNN designed for image
analysis, taking into account speech-specific features
[16].
III. NLP P52%/(06 ON 7(;76
Among the deep learning methods, especially
recurrent neural networks and convolutional neural
networks are very successful in solving natural
language processing problems on text. Including
these two methods; It has been mentioned in different
studies in the literature that other deep learning
methods can be used in various problems of natural
language processing on text and successful systems
can be developed through these methods.
Deep learning methods used to solve natural
language processing problems on the texts are shown
in Table-2.
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Table 2: Deep learning methods solving NLP problems on texts
NLP Problems on Texts
Text Classification

Text Parsing
Information Extraction
Entity name Recognition

Incident Extractiion
Word type labelling

Used Deep Learning
Methods
-Convolutional Neural
Networks
-Recurrent and Convolutional
Neural Networks
-/670YHConvolutional
Neural Networks
- Convolutional Neural
Networks
-Deep Neural Networks
-/670YHConvolutional
Neural Networks
- Convolutional Neural
Networks
-Deep Neural Networks
-/670

A. Text Classification
In order to automatically predict the author, subject,
gender of the author and the mood of the author, the
so-called automatic text classification has been
carried out. In these studies, it is predicted to which
class a new text belongs by examining the various
properties of the texts with a certain class. However,
in order to do this, it is necessary to decide which
features of the texts will be examined [20].
There are successful studies on the text classification
problem in the literature. For example; author
recognition [21,22], text subject determination
[23,24], e-mail classification [25], gender
determination [21] can be given. In these studies,
various representation methods are proposed for
each problem type. The most used methods; word /
phrase frequencies [23], ngram frequencies [25,26],
word clustering [23], hidden meaning indexing [27],
and functional words [28]. In another study, many
methods in the literature and the methods proposed
by them (multidimensional scaling and semantic
space [29], word clustering based on class
knowledge) were compared on various data sets [20].
B. Text Parsing
Text parsing is an area where natural language
processing has been studied for many years and has
many different methods in the literature to solve it. It
is aimed to reveal the grammatical structure of a
given text in text parsing [18]. In the literature, a fast
method for text decomposition based on
convolutional neural networks has been proposed.
Here, convolutional neural networks are combined
with structured label extraction in graphs, and thus
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the graphical transformer network method,
previously available in the literature, is used. The
proposed method is open to improvement, but it is an
effective method for text parsing [19].
C. Information Extraction
Another important area of research of natural
language processing in text is information extraction.
)URP WKH WH[WV 0DQ\ LPSRUWDQW SLHFHV RI
information such as assets, events, date and time
expressions, concepts are extracted automatically. In
the literature, a general approach independent of the
type of information is proposed and in this study,
deep neural networks are used for information
extraction. In the study, it is provided to learn the
features instead of creating the features manually.
The study has been tested in different data sets and
successful results have been obtained [30].

F. Word Type Labelling
It can be classified into types of words such as verbs,
prepositions, and pronouns. Representations are
made at the word and character level and
convolutional neural networks are used for feature
extraction. It has given effective results on various
languages [36]. There are also language-independent
VWXGLHVLQWKLVDUHD8VLQJ/670QHWZRUNVVXFFHVV
has been achieved on different languages [37].
IV. 678',(6 RELATED TO 785.,6+ TEXT
$1$/<6,6

Natural language processing has recently become
popular with the increase in text data in line with the
big data concept. Natural language processing
techniques have been used extensively in the
operations on the text [44]. Today, most of the work
D. Entity Name Recognition
in natural language processing has been developed in
A named entity is a word or phrase that clearly the English language. The number of studies on
defines an item from a set of items with similar natural language processing on the Turkish language
properties [31]. Examples of named entities are is limited. In this section, studies in the literature for
generally institution, person, and location names; the Turkish language will be discussed. For Turkish
such as gene, protein, drug and disease names in the text classification, a study has been conducted to
biomedical field. Entity name recognition is the compare the performance of representation methods
process of finding and classifying named entities in on 6 Turkish data sets and prove that the n-gram
the text according to predefined entity categories method is the most successful among the word
[32]. In one study, a hybrid and bi-directional representation methods used in their studies [45].
approach for entity name recognition is proposed. In a study, the application developed in order to find
)RU WKLV /670 DQ DOJRULWKP RI UHFXUUHQW neural spelling errors in Turkish texts was mentioned. In
networks, and convolutional neural networks are this study, spelling errors in Turkish texts were
used. This hybrid method used determines the word checked, foreign words in Turkish texts were found
level and character level features automatically [33]. and Turkish equivalents were suggested for the
found foreign words, misspelled words were
E. Incident Extraction
identified and the found spelling errors were
It is desired to extract some information from the text corrected [38]. In the literature, a Turkish data set
for various purposes. 6SHFLDO PDWKHPDWLFDO VWXGLHV consisting of 6 categories was created by collecting
have been carried out to reveal the events in a given data from various news sites named TTC-3600. In
text, verb structures in Turkish, word groups addition, they made text classification with different
indicating the event, tense patterns and possible machine learning algorithms on this data set [39].
relationships between all these word groups [34]. The same dataset has been used to classify Turkish
The inference of the events in the texts is the subfield news texts by using deep learning and Word2Vec
of information extraction. There are studies using pre-processing methods, which have been studied on
convolutional neural networks for extracting methods that are not encountered much in the
sentence level features. The word-level features used literature. For this purpose, the TTC-3600 data set
were extracted using different word representations was used and classified with Convolutional Neural
[35].
Networks [40]. Two deep learning-based models are
designed for classification. The data set used was
pre-processed before classification in these models
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[43]. After the pre-processing step, the data set was
enriched by using Word2Vec, one of the word vector
representation methods, to increase the classification
accuracy [41,42]. There is a study that analyzes
emotions according to the content of Turkish Tweets.
Words are represented by vectorization and
classified by machine learning algorithms [46]. In
another study, two data sets were created, the first
data set was created for the training of word vectors,
and the compilation was made from Turkish articles
written in the Wikipedia environment with the
general topic. In the other data set, news texts in 4
categories that are available on the internet in various
newspapers and news sites were created. These data
sets were vectorized using the word2vec method and
the vector values were transferred to the numerical
weights of the words in the data set to be classified
by transfer learning. The data transformed from word
to numerical values are classified by training with
deep neural networks [47].
A new method was proposed in a study that was
classified according to text emotions. In the approach
called 6XSHUYLVHG 0HDQLQJ &ODVVLILHU 60&), very
little training data such as 1% were used and the
success of different approaches was calculated. In the
study where classification methods such as
0XOWLQRPLDO 1DLYH %D\HV 01%  DQG 690 ZHUH
FRPSDUHG LW ZDV VHHQ WKDW WKH 60& PHWKRG ZDV
more successful. While the training data set was at
WKH60&PHWKRGVKRZHGVXFFHVVZKLOH
690 DFKLHYHG  VXFFHVV ,Q WKH SHUIRUPDQFH
analysis of very low training data, which is the main
subject of the study, while the training set was at 1%,
60& DFKLHYHG  VXFFHVV 690 DFKLHYHG 
success, and the method suggested by the authors
was observed to be more successful [48].
In a study using text mining methods in Turkish
GRFXPHQWV6906HTXHQWLDO0LQLPDO2SWLPL]DWLRQ
(602) and unigram performed bigram performance
analysis [49]. In another similar study, they
categorized newspaper writers according to their
style and gender using n-gram techniques and
compared their performance between n-grams at
character level (character level n-gram) and n-grams
at word level (Word level n-gram). According to
WKHLUUHVXOWVLWZDVVHHQWKDW690SHUIRUPHGEHWWHU
than Naive Bayes and Random Forest approaches.
They classified their column articles into the
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categories of economy, media and sports with an fcriterion score of 0.68 [50].
In another study, sentiment analysis from tweets was
made using PV-'%2:DQG39B'0PRGHOV,WKDV
been compared in Turkish and English documents.
Emotions are classified as positive, negative, and
neutral. Data such as Twitter usernames, names, html
tags of people were not included in the training set.
As the number of sentences increased, success rate
measurements were made. According to the results
obtained, it was seen that the PV-DBOW method is
PRUH VXFFHVVIXO WKDQ WKH 39B'0 PHWKRG >]. A
study has been conducted to classify whether there is
VSDPLQLQFRPLQJ606E\XVLQJZRUGYHFPHWKRG
Random forest algorithm was used together with
Word2vec method and they FODVVLILHG 606
successfully [52]. In another study, they classified
the music genres and compared doc2vec and
wrod2vec methods with classical BOW and CBOW
approaches. Classical methods have been observed
to be more successful according to the results
obtained [53]. In his study, in which irony was
determined with Turkish text, types of irony such as
verbal irony, sensory irony and dramatic irony were
determined, and ironies were tried to be determined
with punctuation marks. Decision tree, Naïve Bayes,
Logistic Regression, Decision Table, Random
)RUHVW 0XOWLOD\HU 3HUFHSWLRQ DSSURDFKHV ZHUH
compared and it was determined that the most
successful algorithms in detecting irony were
5DQGRP )RUHVW 0XOWLOD\HU 3HUFHSWLRQ >@ ,Q WKLV
study [55] comparing the performances of plagiarism
detection software, it was determined that the
presence of Turkish characters in the texts reduces
the performance of plagiarism detection.
In the study where the texts were classified in the
fields of economy, magazine, health, politics and
sports, [56] a classification was made based on the
frequency of occurrence of words in a text. In the
classification, the performances of Naïve Bayes
1%  6XSSRUW 9HFWRU 0DFKLQH 690  .11 and
Random Forest (RF) methods were compared. The
highest success was achieved in Naïve Bayes with
96%. While the most successful results in
classification are achieved in the field of economics,
it has been determined that the most wrong area is
politics. It has been observed that some words in the
field of health and politics also appear in the field of
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economics, which reduces the performance of the
classification.
In another study conducted with the columnists of the
DXWKRUV VHOHFWHG IURP WKH 6DEDK QHZVSDSHU WKH
profile of the authors was created and the study of
which author their columns belonged to. In the study,
the punctuation marks, spaces, and numbers of
landing on the bottom line were used by the authors
to distinguish them [57]. Differences have been
identified, such as some authors rarely use
exclamation marks, some authors use exclamation
marks more frequently, and some use more commas
EHFDXVH WKH\ SUHIHU ORQJ VHQWHQFHV 6LPLODULW\
analysis was performed between the vectors created
with these data and the texts of the authors, and they
achieved a success rate of 86%.
In a study conducted on Hürriyet newspaper upon the
determination of the author, texts belonging to 18
different authors taken from the magazine health and
politics were studied [58]. 20 columns were selected
from each author and a performance analysis was
made on these articles. In the approach put forward
by the authors; The number of words in each text,
number of sentences, average word length, sentence
length, number of different words, question marks,
semicolons, exclamation marks, number of
punctuation marks, number of lines as well as
grammatical features of sentences were determined
as distinctive parameters. Accordingly, 22 different
distinctive style parameters were extracted along
with features such as the average number of nouns,
average number of adjectives, and average predicates
in the texts of each author. A success of 67% was
achieved by comparing the authors on the vector
created over these 22 features. They achieved a
VXFFHVV RI  ZLWK WKH 0XOWLOD\HU 3HUFHSWLRQ
0/3 method, the approach put forward by the
authors, and a success of 72% with the Radial Base
Function approach. In the study, the authors listed the
features that were most successful in separating them
from each other as follows: the average number of
words in a sentence, the average word length used,
the average number of nouns, the average number of
adjectives, the average number of predicates, the
average number of conjunctions, the average number
of pronouns, the number of points, the number of
incomplete sentences. the ratio of all sentences, the
ratio of inverted sentences to all sentences.
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[59] In his study, it was tried to determine the subject
of instant messages. In the study, in which the emojis
used in speeches and their abbreviations were taken
into consideration, the titles were determined as
sports, love / marriage, education, entertainment,
swearing and other. Naïve Bayes, k-11 DQG 690
classification methods were used to separate the
texts. The most successful result was determined as
swearing at 92%. The reason for this is that swearing
speech can be differentiated from the others due to
the words it contains. [60] In his study, profiles of
columnists were created with the data obtained from
the Hürriyet newspaper. In the study in which the
Paragraph Vector (PV) method was used, the
performances of the PV-'0 (Paragraph Vector'LVWULEXWHG 0HPRU\ and PV-DBOW(Paragraph
Vector-Distributed Bag of Words) models, which are
among the paragraph vector models, were compared.
It was concluded that the PV-'0PRGHOZDVPRUH
successful in distinguishing the authors from each
other. In addition, it was observed that model
performances decreased with the increase in the
number of authors who were tried to be separated
from each other. In this study, authors' vectors were
created in 2014 using the doc2Vec method, which is
an extended version of word2Vec, and author
similarity predictions were successfully made in real
time. In our study, the subjects written by the authors,
the data obtained from the newspapers DQG (NúL
6|]ONDQGWKHLUPRGHOVZHUHFUHDWHGDQGFODVVLILHG
successfully [61].
V. &21&/86,21 AND 5(&200(1'$7,216
In this study, studies that use Turkish texts and create
data sets are mentioned. Each study used unique
natural language processing methods and achieved
success. We examined these successful studies and
prepared a document that you can find all of them
together in order to contribute to the literature. In the
later stages of our work, we will develop our own
application with these natural language processing
methods and present it to you.
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Abstract - According to the data of the Federation of the Hearing
Impaired, there are more than 4 million hearing-impaired people
in Turkey. The most important problem faced by hearing and
speech impaired people is not to be understood by people without
hearing impairment. In line with this problem, the primary aim of
this study is to eliminate the communication problems of our
hearing-impaired citizens by combining Turkish sign language
(SL) with deep learning technologies and to increase the awareness
of hearing impaired individuals in our society. In this study, a SL
interpretation program has been developed, which we anticipate
that productivity will increase with the widespread use of mobile
devices. In this context, existing SL movements will be created with
a model trained with deep learning and the model will be
implemented in a mobile program. Hence, it is possible to translate
the desired movement into Turkish.
Keywords - Sign language, Turkish sign language, deep learning.

I. INTRODUCTION

A

CCORDING to the data of the World Health Organization
(WHO), approximately 466 million people in the world
have hearing impairments, and 34 million of these are children
[1]. Federation of Hearing Impaired (FHI) in Turkey describes
this number at close to 3 million [2]. The biggest problem that
people with hearing impairments experience in society is not
being understood by people without hearing impairments. For
this reason, they want SL, which is their native language, to be
defined as a constitutional right. For example, in the field of
health, some hospitals trying to find solutions to end the
communication problems experienced by the hearing impaired
have taken action and started to provide SL training to their
employees, including physicians and nurses. For this purpose,
health care workers in Turkey receive training in SL by FHI.
Hearing and speech impairments citizens face various
difficulties in communication not only in the field of health but
also in daily life. In this study, it is aimed to minimize the
communication problems experienced by the hearing-impaired
people by making use of today's technologies and the problem
of "not being understood". In literature, there are some studies
on sign languages of different countries. [3] proposed a study
combining deep learning and Support Vector Machines (SVM)
to realize the transformation of SL into emotional speech. A
continuous SL recognition framework with deep neural
networks was developed by [4] that copies videos of SL
sentences directly into sequences of ordered gloss labels.
Another study that interprets Convolutional Neural Networks
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(CNN)'s outputs in a Bayesian framework has been developed
in [5]. The Hybrid CNN and Hidden-Markov-Models (HMM)
model has combined the powerful discrimination abilities of
CNNs with the sequence modeling capabilities of HMMs.
Turkey has less work in the field of recognition of SL. Although
the studies performed or suggested are new, they are immature
and trial phase studies. In Turkey, there are less work in the
field of recognition of SL. Although the studies have been
developed and suggested are up to date, they are immature and
experimental studies. In [6], a real-time American sign
language recognition method proposed using desk and wearable
computer based video. [7] developed a Chinese Sign Language
(CSL) recognition system using the portable and cost-effective
Leap Motion sensor and the kth-Nearest Neighbor (k-NN)
technique. In recent years, the CNN has been widely used in
many methods to recognize sign language. In addition, the
recent literature studies indicates that deep neural networks
based methods are successful and robust for sign recognition. A
new model based on deep CNN used by deaf people presented
in [8] to recognize Russian alphabet letters presented as static
signs in Russian Sign language. Weakly supervised learning
based approaches can be carried out in video domain. [9]
demonstrated this by adding strong CNN-Long short-term
memory (LSTM) models to each HMM stream following the
hybrid approach, adding interim synchronization constraints
between streams. In terms of the subject, this study aims to
eliminate the communication problem experienced by hearing
impaired people and to create a communication tool that
translates sign language movements, which they define as their
native language into daily speech. Recognition of hand sign
language from video is a challenging area of researchers due to
some undesired factors such as rapid hand movements,
brightness and background complexity. Deep learning-based
pipeline architecture for efficient automatic hand sign language
recognition using Single Shot Detector (SSD), 2D
Convolutional Neural Network (2DCNN), 3D Convolutional
Neural Network (3DCNN), and Long Short-Term Memory
(LSTM) from RGB input videos proposed in [10].
This study can be a source of ideas for different social
responsibility projects. According to the successful results to be
obtained as a result, it is planned to bring it to a next level that
can be used by hearing-impaired people. The rest of this paper
is arranged as follows. Details of the proposed method and
Experimental (visual) results are given in Section II and Section
III, respectively. Finally, we conclude this paper in Section IV.
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total in the 3D-CNN model. All experiments are achieved on a
GPU cluster set that consists of eight NVIDIA QUADRO
P5000 16 GB memory. The modelling simulations are
performed on seven NVIDIA QUADRO P5000 GPUs. The
number of epoch is 17, batch size is 4 and ReLu is used as the
activation function.
The data set used in model training is the Isolated Gesture
Recognition (ICPR '16) data set created by the ChaLearn team
of the University of Barcelona. The data set contains 47933
RGB-D motion videos [11]. These movements consist of 249
classes. This data set created does not consist of data belonging
to a single sign language. It also contains data belonging to
different sign languages.
The user interface is developed as an android based
application as planned in the design phase of the study.
Retrofit2 serves using okhttp3 and API 23 Camera API. The
server has been created to meet client requests, running with the
Flask library using Python 3.6 on a virtual machine with an
Ubuntu operating system, behind the load balancer response
offered by DigitalOcean. In Figure 4, possible motion data and
result are shown in the Android-based user interface. There are
the last 4 results presented in the user interface. Previously
shown results are deleted from the screen.

added to the study. For instance, in very light or very dark
environments, such problems should be minimized and the
success rate should be increased. Since there is no data set
belonging to Turkish Sign Language in model trainings, signs
were obtained from other sign languages in mixed form. For
future works, it is planned to make sentence detection after
determining possible words from all consecutive video frames.
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(a)
(b)
Figure 4: Experimental result (a) Butterfly test video (b)
Mobile application result

IV. CONCLUSION
In recent years, deep learning technology has become an
important technology for application development. This
technology can be expressed as a kind of artificial intelligence
that can detect features using large and numerous tagged
training data. In this study, although the expected results are
generally achieved successfully, various performance problems
arise. First challenge, the application does not work efficiency
in every environment. A key problem the optical flow motion
vectors are miscalculated due to brightness. Another problem is
that video resolutions can vary. Resolution is very effective in
estimating the motion in videos. In low-resolution videos, the
results cannot be generated accurately. In order to eliminate all
these problems, various image processing techniques should be
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Abstract - The purpose of this study is to classify customer
complaints of the financial sector with a deep learning model and
to ensure that customer complaints are forwarded to the relevant
institution or the relevant department of the institution in
question. Nowadays, many companies perform manual
classification procedures by company officials assigned on various
platforms. Employees following these platforms read and evaluate
complaints and forward them to the relevant department within
the company. Since this complaint is a human factor in the
classification process, the process is slow and troublesome. In this
study, it is aimed to develop a web application that bank customers
can share their complaints. The department where customer
complaints are conveyed is determined by the deep learning model
running on the server. This model are developed with Recurrent
Neural Networks (RNN) architecture and the dataset includes
Turkish complaints. Server communicates with a web application
by RESTful API and then a complaint is sent to the relevant
department.
Keywords - Turkish Text Classification, Recurrent Neural
Network, Deep Learning.

W

I. INTRODUCTION

HEN a business receive complaints from their
customers, the correct management of these complaints
is as important as ensuring customer satisfaction.
According to research on disgruntled customers, approximately
96% of these customers do not complain [1]. Many customers
stop buying goods and services from that business or choose to
get their requests from other companies. Therefore, considering
that only 4% of discontent customers deliver their complaints
to the business, it can be say that complaints received by the
business about 25 times. In this way, the business should handle
an incoming complaint as if there were 25 complaints on the
same subject and plan the appropriate actions related to the
complaint accordingly. In recent years with developing
technology, businesses have easy access to mobile applications,
web pages, customer services and other used complaint
channels. However, customer complaints have been become
varied and the number of customers reporting complaints have
been increased. This case makes it difficult for businesses to
return to customer complaints. Further, it causes businesses to
lose customers and prevents them from gaining new customers.
The purpose of this study is to classify customer complaints in
the finance sector and ensure that customer complaints are
delivered to the relevant department of the institution. In
addition, by increasing the rate of return to complaints in the
financial sector, reducing the time to return to customer as much
as possible and increasing customer satisfaction.
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In many companies, complaint classification is done
manually by company officials assigned on various platforms.
Employees follow these platforms read the complaint, evaluate
it and forward it to the relevant department within the company
[2]. The mentioned process brings some problems such as
sending the complaint to the wrong department, not being
evaluated correctly or customer complaint due to the human
factor. If the classification process is desired to be done with the
help of a computer, the key idea will be smart systems. There
are various studies about text classification in the literature.
Classification of news texts and sentiment analysis for Turkish
can give example. The news texts classified and compared
using the Turkish Text Classification 3600 (TTC-3600) dataset
in [3]. According to this study, CNN and Word2Vec method
showed better performance (93.3% accuracy) than classical
statistical and machine learning based classification algorithms.
Another approach that classifies texts using the Turkish data set
and performs emotional analysis as positive, negative or neutral
according to three classes is presented in [4]. They have
developed a deep learning model that can achieve 95%
accuracy using 243.000 customer reviews and GRU (Gated
Recurrent Units) architecture. [5] trained and tested the CICIDS
2017 dataset with Distributed Denial of Service (DDoS) attack
data by using Multilayer Sensors (MLP), LSTM (Long-Short
Term Memory) and GRU networks. When the results of this
study are examined, it can be understood that there is no
significant difference between GRU and LSTM. Moreover, it is
seen that LSTM and GRU, which are RNN (Recurrent Neural
Network) types, give better results than MLP structure. [6]
developed a hierarchical graph transformer-based approach for
Large-Scale Multi-Label Text Classification. First, they
modeled the text, a graphic structure that could embody the
different meanings of the text and the connections between
them. Then they use a multi-layer transformer structure with a
multi-head attention mechanism at the word, sentence, and
graph levels. [7] have developed a Tree-LSTM model, a
generalization of LSTM to tree-structured network typologies,
to learn rich semantic representations. [8] proposed a much
simpler CNN-based model than Dynamic CNN (DNN) for text
classification. [9] developed a new CNN-based model that
makes two updates to the architecture of proposed in [8].
Character-level based CNNs have also been investigated for
text classification [10, 11]. [12] developed a CNN architecture
to classify text at character level that considerably reduced the
memory consumption and required training time. There are
several studies on literature examining the impact of word
placing and CNN architectures on learning performance. [13]
proposed a Very Deep CNN (VDCNN) model for text
classification inspired by VGG [14] and ResNets [15]. [16]
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Turkish stopwords have been found and updated in accordance
with the financial sector. Then, extracted words have been
given to the model using a proper word embedding method. In
the training phase of the deep learning model, each complaint
in the dataset is pre-processed and arranged that does not affect
the classification. Pre-processing task of proposed method is
shown in Figure 2. As we can observe from figure, the
punctuation marks, special characters and numbers are removed
from the complaint text, respectively. All characters in the
complaint are converted to lowercase letters. The complaint text
is divided into words and it is checked whether each word is a
stopword. If the word is stopword, it is removed from the
complaint. At the end of the transaction, the issued complaint is
returned.
The complaint from the user is received in text format and
goes through the pre-processing stage. With the tokenization
process, they are divided into complaint words and appropriate
numbers are assigned to these words in order to give them as
input to the neural network. The complaint is given to the model
and the department of the complaint is obtained in the output of
the model. At the end of the process, the department
information is returned. Flow diagram of proposed method is
given in Figure 3.
Begin

Load model h5 file

Customer
compliant
as text

Pre-processing task

III. EXPERIMENTAL RESULTS
In order to perform the training and testing of the deep
learning model all dataset have been generated by us. Raspberry
Pi Zero W provides model and web interface communication
over an API with RESTful Web Service running on Raspbian,
a Linux-based operating system. Raspberry Pi have been used
as Python server. Since the application that will serve on the
client will communicate through the API, it has been
implemented using web technologies such as HTML, CSS and
JavaScript. A complaint received through the web application
is sent to the server in JSON format. The server analyzes the
complaint in JSON format, determines which department or in
other words which class the complaint belongs to, and sends it
back to the web application in JSON format. Thus, the
complaint received from the user is presented back to the user
as classified with our model running on the Python server.
MySQL has been used as a database management system. In
the application, there are two types of users: customer and bank
employee. Employees in the web application cannot delete a
complaint and report it as resolved. These transactions can only
be made by the customer that sharing the complaint. Solved
complaints are not deleted from the database. Bank employees
and customers with profiles in the system can comment on a
complaint. More than one comment can be made for a
complaint. After a customer deletes a complaint, the complaint
and its comments, if any, cannot be accessed, and are deleted
from the complaint database. If the customer updates the
complaint as resolved, anyone who visits the website can view
the complaint and the comments made to the complaint. The
proposed model is able to divide the complaints in text format
at the rate of 95% accuracy. There are 2 applications running
on the server of the study. Python is used to use the deep
learning model and Java is used to access the database. On the
client side, TypeScript programming language is used.
The deep learning model has been implemented using the
Python programming language. Then, it was run on a server and
used in the web application. The dataset is a 40377-line file with
.csv extension that holds complaints and department
informations. There are 5 classes in the data set. Figure 4 shows
the Loss-Epoch graph and accuracy value of the model
developed with GRU.

Tokenization

Predict relevant
department

End

Figure 3: Flow diagram of proposed method
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Figure 4: Loss-epoch graph of GRU model
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The deep learning model data consists of 40377 lines (90%
train and 10% test). Learning rate is select 0.01, number of
epochs is 3 and batch size is 128. Softmax is selected for
activation function and 20% dropout used. Categorical
crossentropy loss function and Adam optimizer are used.
For each class, TP (True Positive), FP (False Positive),
accuracy values is calculated and ROC curve is drawn. Figure
5 shows the performance values and ROC curves of the classes.

IV. CONCLUSION
The proposed deep learning model can divide complaints into
different departments with an accuracy of 95% rate for 5 classes:
ATM, account, credit, credit card and customer service. The model can
detect the department that a complaint belongs to in less than 1 second.
While sharing the complaints in the web application, if the user does
not trust the result detected by the model, the customer can choose the
department to which the complaint will be submitted. Thus, complaints
are forwarded to the relevant department of the bank in a short time
without the need for human intervention. Bank employees can also
respond to complaints by using the application or increase customer
satisfaction by communicating with the customer. The deep learning
model developed can classify 5 different departments. When it is
desired to make complaint classification for more departments, the
model can be retrained by updating the data set.
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only a web browser is required to work with AIS. Local Area
Network (LAN) is being built in PHI, to which automated
workstations (AW) of various specialists, as well as medical
equipment (ME) are being connected. LAN is connected to the
Internet via appropriate communication equipment to work
with the core of the HIS. BMD from ME is uploaded to the
centralized core storage, also via the Internet. It should be noted
that this data storage architecture, BMD is not processed in
M&PHI, except for computerized ME, where the manufacturer
of ME provides such data storage. It is possible to provide
access and work with HIS applications for authorized end users,
including mobile users connected via the Internet, which is
especially relevant for the emergency medical care system and
medical teams providing emergency assistance. Personal
computers, laptops, tablets, and smartphones can be used to
work with HIS. Access to HIS for a wide range of users can be
implemented through the so-called Personal Office (PO) with
the possibility of using electronic keys, with the appropriate
procedure of authorization and authentication by the
requirements of information security. It is possible to organize
the interaction with other external IS, including those created as
part of the implementation of the program of electronic public
healthcare.
A. Benefits of the centralized architecture
 Reduce the cost of acquiring and maintaining LAN servers
in medical and healthcare institutions and their maintenance
by technicians.
 Possibility to organize single monitoring of the entire
system.
 Storage of BMD, in particular archives and medical images,
obtained in various from M&PHI and available to
physicians from other institutions (availability of primary
data, not only medical reports).
 Availability of all necessary medical information about the
patient for remotely consulting physicians and doctorsexperts of the Compulsory Medical Insurance (CMI)
system.
 Protection of Data Storage Systems (DSS) in a single place.
B. Main challenges of the centralized architecture
 High requirements for reliable connection of M&PHI to the
Internet and reliable functioning of the access network
itself. Disruptions in the functioning of the access network
in the centralized architecture lead to the complete stoppage
of the work of M&PHI. Therefore, the minimum
requirement is that M&PHI should be connected to the
Internet via two physical channels with different routes.
 Sufficiently high bandwidth and bandwidth stability
requirements between M&PHI and the core of HIS. For easy
work of the employees of M&PHI with the number of
workplaces 10-20, the connection speed should be at the
level of 10 Mbit/s and the bandwidth of the through the
channel from the workstations to the centralized application
not less than 256 Kbit/s. However, the problem is that today,
it is impossible to guarantee the required level of service
provision for the end-to-end channel because traffic from
the AW to the application usually passes through the
networks of several operators.
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 The use of Decision Support Systems (DSS) [7] and
information and reference systems in a multi-user online
mode will further increase the requirements for
communication channels.
 Organization of crypto protection of transmitted data.
 Difficulties (often-actual impossibility) in the use of already
implemented local IS.
 Using the SaaS model for specific medical applied software
for all types of medical institutions will require the
deployment of multiple specialized IS in the core.
 Major problems with connecting private institutions to the
centralized system, which are unlikely to give up their own
local IS.
 Actually dependence on one manufacturer (a group of
manufacturers for different components) at the realization
of the uniform AIS in the centralized kernel.
III.

ARCHITECTURE OF DISTRIBUTED SYSTEMS

Distributed HIS is a system with web-based applications that
are accessible via the Internet and that share both local and
global resources (see Fig.2). In the distributed architecture, as
well as in the centralized architecture, components of AIS are
placed in the centralized core of the system. At the same time,
however, local IS are preserved (still functioning) in the
M&PHI, possibly without implementation of some functions;
for instance, without archival storage of electronic health
records (EHR) of retired patients, without storage of medical
images (especially large volumes, such as MRI, etc.), backup of
current information (registered or hospitalized patients), etc.
Local IS in this architecture serve as a kind of intermediate
storage (as if a cache) between the centralized core and local
AW. The local IS database is a kind of replication of a part of
the centralized database. Local IS should be entrusted with
auxiliary functions that do not require centralization, for
instance, the provision of work with systems to support medical
decision-making [4].

Figure 2: Distributed architecture of HIS.

Data exchange between the local IS, and the centralized core
can be carried out on request or schedule. The challenges of
modern health care require important decisions. Distributed
systems can help to ensure that BMD is processed in real time
and that analysis results are available and effective so that
researchers can study the genetic architecture of cancer cells;
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health care professionals can monitor intensive care patients [1,
2], i.e., they can obtain valuable information, manage costs, and
provide patients with better treatment options through the
analysis of BMD in a distributed system environment [4, 5]. The
work of users, including mobile users, connected via the
Internet, external IS, and users through PO is possible only with
a centralized core. It means that when a person contacts the
M&PHI that he or she has not previously visited, the medical
information available to him or her will have to be uploaded
into the local IS from a centralized repository. If in the course
of providing medical care the information has been changed or
supplemented, these changes should be uploaded back to the
centralized database.
A. The benefits of distributed architecture
 Substantial reduction of requirements for reliable
connection of M&PHI to the access network, bandwidth and
stability of the through channel bandwidth between M&PHI
and the core of the system. The M&PHI remains operational
even in case of complete disconnection from the access
network.
 Ability to use previously implemented local IS, including
those integrated with radiological and laboratory systems,
including auto-analyzers, with which exchange from the
cloud is virtually impossible.
 Possibility to connect to a centralized system of private
M&PHI, including the definition of the volume of BMD
stored in a centralized system.
 Maintaining competition between manufacturers of IS and
thereby improving the quality of systems.
B. The main challenges of distributed architecture
The most critical tasks in the implementation of a HIS with a
distributed architecture:
 Development of a personal identity management system.
 Development of the concept and standards.
 Development of an access control system.
Patient Identity (PI) management system of EHR,
implemented at the federal level, should provide: (a) Issuance
of new identifiers (based on personal universal electronic
identification cards); (b) maintenance of current identifiers
(storage of PI and attached data, including exact date and place
of birth, etc.), which will provide a single point of access to
information about the patient's state of health; (c) Archive of
identifiers (deceased persons or persons who left the country);
(d) Issuance of temporary identifiers for contract visitors from
other countries; (e) Receipt of all variable personal information
to be stored in conjunction with the PI assigned at birth.
The development of a concept and standards for EHR should
provide: (a) Implementation of a single modular architecture of
EHR, including mandatory, auxiliary modules for all types of
medical institutions. Mandatory modules should contain vital
data, diagnoses, information on the treatment of chronic
diseases, services provided, life, and disease histories.
Auxiliary modules may include information that has a limited
time for general use, such as emergency care and intensive care.
(b) Person-centric data integration at the federal level or in the
regional segment of HIS, which will result in physical or
virtually merged records of the health status of patients,

E-ISBN: 978-625-44427-4-2

regardless of the place of first data recording and storage. (c)
Use of all-Turkish classifiers for both questionnaire and
medical modules. (d) Organization of information exchange
based on open or agreed protocols and formats. (e) Conversion
of EHR from databases of various institutional IS at the regional
or federal level. (f) Formation of integrated EHR based on
consolidation into approved fixed modules (for permanent and
temporary integration).
The development of a system for managing access to EHR
involves: (a) Maintaining links at the federal level to EHR
stored in regional data centers. Maintenance of references to
EMI at the federal level, stored in regional DPC. (b)
Authentication and authorization of a medical worker before
accessing a patient's EHR. (c) Authorized access to sections or
modules of EHR depending on the position held and functional
duties performed at that time (for instance, duty doctor).
Modular exchange of information will speed up its
transmission/receipt and reduce the load on communication
channels. (d) Request to DPC of regional segments of HIS to
view/receive/send medical data by reference in the federal
segment. (e) Mandatory registration of the patient's rights is a
permit to transfer BMD to other doctors (except in cases of
unconscious state or court decision on the patient's incapacity).
IV. CONCLUSION
The current manuscript presents a prospective study of a
distributed system in healthcare. Due to the lack of computing
power for processing BMD, there is a need for modern
distributed HIS, which reduce the costs, time and inefficient use
of resources, that is, to solve challenges it is necessary to
develop a distributed HIS based on CC [5]. We understand that
even despite various objective difficulties, CC will be actively
developed, including, of course, in the market of medical and
healthcare software. As CC develops, the situation is likely to
continue to evolve.
Along with the implementation of new projects in healthcare,
it is necessary to study and manage the risks of IT projects [3,
8], that is, in healthcare, there is a strict rule, which has been
verified for many years of medical practice is not harmful.
When implementing distributed HIS using CC, existing IS
should be taken into account. At the same time, the transition to
the new principles of building an information meta-system
should be based on the introduction of a single EHR, formed
based on a multi-module structure. It should take into account
the needs of a wide range of users at all levels of the HIS,
including CMI. In the case of CC, this means mandatory
accounting, risk assessment, and management of IT, and the use
of time-tested specialized solutions (for instance, Microsoft
solutions) [8, 9].
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Abstract - Flight delays are becoming more prevalent in airline
operations, costing airlines billions of dollars each year. Most
flight delays in airline operations are unpredictable and
stochastic in nature and are the result of things such as: late
arriving aircraft, air carrier delay, national aviation system
delay, and extreme weather. These flight delays can be mitigated
by embedded schedule buffer times. To model the complex and
stochastic airline schedule system, different optimization and
simulation models are employed. In this paper we investigate the
use of Bayesian Networks to analyze flight delay propagation.
Keywords - Airline Delay Analysis, Bayesian Networks, Flight
Delay Propagation.
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I. INTRODUCTION

light delays’ negative impacts are comprehensive,
increasing flight delays pose a major threat on the whole
air travel system and cost airlines at billions of dollars each
year. As stated in research made by Airlines for America
(A4A), in 2012 it is estimated that delays caused $7.2 billion
in direct operating costs for scheduled U.S. passenger airlines,
and considering that crew costs are estimated at $16.26 per
minute, the total crew related cost is approximately $1.5
billion [1]. By reducing delays, airlines can reduce operating
costs and increase revenue. Modeling techniques can be used
to analyze current systems and to investigate new operating
approaches.
Flight delay propagation occurs when late arrivals at an
airport cause late departures, which in turn cause late arrivals
at the destination airports. Delay propagation is difficult to
analyze using traditional methodologies, because it is
inherently a stochastic and dynamic phenomenon. Therefore,
it must be characterized by probability density functions, and
statistical or dynamical analysis methods. In order to model
flight delay propagation, simulation models should be
employed. The advantage of this approach is its capability of
dealing with complex systems as well as catching the
stochastic and dynamic nature of the system. Also, the
simulation model allows us to observe how the whole system
behaves given the interactions between fixed flight schedules
and stochastic disrupting events emerging in operations [2]. In
this paper, we investigate the use of Bayesian Networks as a
method to analyze flight delay propagation.
The paper is organized as follows: Section II discusses
the Literature Survey for this problem. Section III explains the
Methodology used for analyzing flight delay propagation. The
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results and observations are discussed in Section IV.
Discussion, Conclusion and Future works are stated in Section
V and VI, respectively.
II. LITERATURE SURVEY
In order to model and simulate the flight delays and flight
delay propagation, a variety of methodologies has been
adopted. Abdelghany et al. proposed a deterministic model to
predict the propagated delays along aircraft route based on
network optimization models [3]. Beatty et al. presented a
‘delay multiplier’ metric to estimate the scale of delay
propagation [4].
Schaefer and Millner proposed a detailed policy
assessment tool to model delay propagation in a network of
airports when facing inclement weather conditions. To limit
ÀLJKW GHOD\V SURDFWLYH VFKHGXOH UHFRYHU\ PRGHOV DUH
developed [5].
Lui and Ma studied the impact of delay propagation on
flight delays in busy airports by using Bayesian Network.
Departure delay is chosen as the object variable in the
proposed model, Netica software package is used to establish
Bayesian Network model that is based on available data and
experts’ experience. And it is concluded that the propagation
is more notable and severe when the arrival delay is moderate
or high, and propagation leads to flights’ departure delay. The
primary aim of the model is to reduce the influence caused by
delay-propagation from busy airports, which are international
hub airports that can relieve the flight delays of whole aviation
system. However, the model takes into account only one busy
hub airport as the research object, whose delay problem is
very serious, which is actually not realistic. Also, the influence
of flights’ delay-propagation in different states is described
intuitively not analytically [6].
Even though different approaches have been employed to
model the IOLJKW GHOD\V DQG ÀLJKW GHOD\ SURSDJDWLRQ WKH
stochastic effects of delays resulting from various delay causes
have not been thoroughly captured.
III. METHODOLOGY
The methodology of this research was focused on
achieving some analysis of flight delay propagation using
Bayesian Networks. Through the use of real-world flight delay
data and GeNIe software, we were able to draw some
conclusions.
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A. Flight Delay Propagation
Flow of flight delay demonstrated in Fig. 1 illustrates the
relationship between departures, arrivals, and delays of two
consecutive flights. The solid lines with arrows show the
planned flight and the dotted ones display the actual flight, for
flight legs i and j. PDT, ADT, PAT and AAT are the Planned
Departure Time, Actual Departure Time, Planned Arrival
Time and Actual Arrival Time, respectively. The Planned
Turn Time between flights i and j (PTTij) is the time between
PAT of flight i and PDT of flight j, see Equation (1). ATT
(Actual Turn Time) is the ADT of flight leg j minus the AAT
of flight leg i. If ATT is smaller than Minimum Turn Time
(MMT) the flight is considered delayed. It is assumed that the
same resources (airplane and crew) are assigned to flight i and
j. As shown in Fig. 1, when flight leg i is delayed, the Slack
time (red parathesis) between two flights completely and some
part of the MMT is consumed, and this causes Propagated
Delay (PD). Hence, the Total Departure Delay (TDD) of flight
j is consist of the PDij and the Independent Departure Delay
(IDD) of flight j itself. Likewise, the Total Arrival Delay
(TAD) of flight j comprises PDij and the Independent Arrival
Delay (IAD). Although IDD includes only the independent
delay before a flight departs, IAD includes both IDD and the
additional independent delay in the air or at the origin and
destination airports.

TADj = max(AATj - PATi ,0) = max(PDij + IADj,0) (4)
PDij = max(TADi - Slackij,0)

(5)

Consequently, for each day of operation, we can obtain PDs
using IADs, which assumes that the first flight of each day has
zero propagated delay.
B. Data
7KH DQDO\VLV ZDV JHQHUDWHG ZLWK D ¿HOG-collected actual
flight data from a small-scale Turkish airline which operates
short-haul domestic flights on a hub-and-spoke network flights
which consist of 17,200 flights spanning a six-month period.
Fig. 1 is an example of the raw data structure. The raw data
was not useable in the original format and provided some
challenges to organize it sufficiently for the calculation of
event probabilities. For example, if a flight departed in the
evening and arrived the following day, we had to correct for a
negative value derived from a time difference. Additionally,
the date formats were not consistent and required code to
make them identical, and thus useable.

Fig 1 Example of raw data format

Based on the categories we devised for the model
parameters, we were required to compute the probabilities for
184 different queries corresponding to event combinations
(e.g., long delay given an afternoon flight on a weekday). We
could not account for canceled or diverted flights, because
these events were not captured in the dataset.
Fig 1 Flow of propagated delay

PTTij = PDTj - PATi
Slackij = PTTij - MTTij

(1)
(2)

As shown in Fig. 1, when flight leg i is delayed, the Slack
time (Slackij) between two flights is consumed completely and
also some part of the MMT is consumed, and this causes
Propagated Delay (PD). Hence, the Total Departure Delay
(TDD) of flight j is consist of the PDij and the Independent
Departure Delay (IDD) of flight j itself. Likewise, the Total
Arrival Delay (TAD) of flight j comprises PDij and the
Independent Arrival Delay (IAD). Although IDD includes
only the independent delay before a flight departs, IAD
includes both IDD and the additional independent delay in the
air or at the origin and destination airports. We can calculate
the following relationships in order to find the propagated
delay:

C. Delays Explained
Delays are arrival-based, meaning the baseline measure for
all delays start with the arrival process. Fig. 1 graphically
portrays the flow of propagated flight delay.
D. Implementation with GeNIe
The diagram in Fig. 3 depicts our Bayesian network model
in GeNIe modeling software. We investigated the impacts of
Time of Day, Day of Week, and Season on arrival and
departure delays. An advantage of this model is that you can
input any similar dataset, for example from a different airline,
to analyze the effects of different model parameters.

TDDj = max(ADTj - PDTi ,0) = max(PDij + IDDj,0) (3)
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Through viewing different parameter combinations
through the queries, we identified some key observations.
x If a flight ARRIVES on time, then most likely it will
DEPART on time.
x If a flight ARRIVES with a short delay, there is an
equal chance of a short DEPARTURE delay
x If a flight ARRIVES with a long delay, there is almost
no chance it will DEPART on time.
x As flights progressed throughout the day, short
DEPARTURE delays increased.
x Generally, flights operating in the middle of the day
experienced the highest on-time ARRIVALS and
DEPARTURES.

[3]
[4]

[5]
[6]

R Beatty, R Hsu, L Berry, and J Rome, "Preliminary evaluation of
flight delay propagation through an airline schedule," Air Traffic
Quarterly, vol 7, pp 259-270, 1999
K F Abdelghany, S S Shah, S Raina, and A F Abdelghany, "A
model for projecting flight delays during irregular operation
conditions," Journal of Air Transport Management, vol 10, pp 385394, 2004
L Schaefer and D Millner, "Flight delay propagation analysis with the
Detailed Policy Assessment Tool," in Systems, Man, and Cybernetics,
2001 IEEE International Conference on, 2001, pp 1299-1303 vol 2
Y -J Liu and S Ma, "Flight delay and delay propagation analysis
based on bayesian network," in Knowledge Acquisition and Modeling,
2008. KAM'08. International Symposium on, 2008, pp 318-322

V. DISCUSSION
Intuitively we expected that delays would build up or
propagate throughout the day. What we discovered is that this
is generally true for short delay departures; however, short
delays did not propagate into long delays. We suspect this is
due to the built-in slack time (or buffer time) into the
schedules and the pilots’ ability to increase speed in some
circumstances especially with the presence of a tailwind.
VI. CONCLUSION
Flight delays are unavoidable in real-world airline
operations, because we can almost never predict with certainty
what will happen in the future that may cause a delay. But we
can minimize the effects of delays by investigating the causes
of delay propagation and by eliminating these causes. In this
paper, we utilized Bayesian Networks to determine the
propagated delays based on prior knowledge and specific
circumstances.
We expected that flights would propagate delays as the
day progressed, which is true for short delay departures;
however, short delays did not propagate into long delays. We
suspect this is due to the built-in slack time and the fact that
pilots can make up time in the air with increased air speed and
presence of a tail wind.
Future work includes modeling weather related delays and
combining Bayesian Networks with traditional statistical
methods, which can be used to provide more accurate
modelling and therefore more precise prediction. Also
integrating expert judgment with statistical analysis in
structure construction and parameter estimation can not only
save time and effort, but improve prediction accuracy as well.
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Abstract - In this study, Social Campus Application which can
be used on mobile device is explained. Different types of
communication have been developed throughout human history.
With the rapid change of technology, today's popular
communication organs have been the internet and social media.
Social media can cause us to spend most of our time on the
phone. Social media platforms that offer many options such as
quick access to news, instant communication and sharing are
indispensables among many of us. This study is about a social
media application that is intended to be used among university
students. This application was designed which users can be
informed of the activity created, open topics and make comments
about them, and shop through the market. The application is
android-based and contains fp-growth algorithm in the market
section. The fp-growth algorithm is an association rule algorithm
used to find frequent item sets. The fp-growth algorithm offers
the user who supplied together with the analysis of what products
the most. The application includes the messaging property
between users and this property is based on the technology of
firebase, node.js and socket.io. Django and sqlite was used in the
web section and the application was developed using the reactnative technology.
Keywords - Android, React-Native, Fp-Growth algorithm,
Social Campus Application, Social Media.

T

I. INTRODUCTION

HE ever-increasing ideas of societies such as storing,
sharing and using information have led people to new
searches. Undoubtedly, one of the most events of 20th century
is the discovery of the internet and it introduction to the public
service. With the advent of the Internet, people have provided
easy, cheap, fast and secure access to information in many
areas [1, 2]. In this way, people started to produce new
productions. This new communication phenomenon and
process, which emerged from the combination of
communication satellites and developing technology after the
discovery of computer technology, caused our age to be called
the "Information Age" [3]. Thanks to the Internet, we can
easily send and receive information from one end of the world
to the other, and with the advancing technologies in many
areas, we can easily do things that we used to have difficult in
the past, on the computer. In the information age, information
is power and it is necessary to use this power effectively. Even
carefully sharing the existing information with someone else is
one of the qualities that can increase this power.
The fact that the internet is an interactive medium and that it
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enables everyone to express their opinions without limitation
is beneficial for communication experts, while unlike other
mediums, the internet’s duality and suitability for multiple
communication draw attention[4]. Providing such a wide area
of use and fast communication, the Internet is widely used in
universities. With the networks created within the university;
Connection via wireless networks is provided to students,
academic and administrative staff and employees upon request
[5].
Social media is a media system that enables one-way
information sharing to be achieved through two-sided and
simultaneous information sharing. Social media is a field of
application that allows the sharing of information, different
views/opinions and experiences by public websites and
quickly embeds the internet world in our lives [6]. People can
perform many operations such as mutual conversation,
messaging and information sharing in two directions,
especially thanks to social media applications. Instead of the
term social media, which has turned into a very effective
structure, terms such as social network, social web, social
networking sites are sometimes used both in daily life and in
academic literature [7]. Social media meets needs such as
communication, entertainment, spending time or following the
agenda. But besides these, it can provide an environment for
information pollution. Social media, which respond to the
social demands of people from all cultures and all walks of
life, causes an increase in information sharing and adds a new
dimension to socialization [8]. Thanks to social media, polls
can be created, people's opinions can be taken, their comments
on a subject can be learned, and as a result, new developments
and new studies can be realized.
Today, many social media applications have emerged and
these applications have played very important roles in
communication. Many people around the world use social
media applications actively. According to the data, active
social media usage in the world is 3.81 billion. According to
Statista data, this situation is presented graphically in Figure 1.
[9].
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Figure 1: Global digital population as of April 2020 [9].

As you can see, most of the people who use the internet use
social media actively. According to Statista data, the most
used social media platform is Facebook. This situation is
presented graphically in Figure 2 [10].

Figure 2: Most used social networks in the world (million)[10].

Social media usage is also very common in our country. It
is seen that many people from almost all walks of life use
social media. When we look at the rate of social media usage
in our country, there are differences in social media usage
according to the usage in the world. The Youtube application
in our country ranks first with 90% according to the data of
the third quarter of 2019. According to Statista data, this
situation is presented in Figure 3 [11].
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Figure 3: 3rd Quarter Year 2019 in Turkey Social Media Usage
Rates [11].

In this study, due to the use of social media so much, an
application that includes many features was developed. The
social campus application is a social media application that
mostly targets university students. It is a social media
application where new events can be created and people can
be informed, opinions can be received on any subject when
there are events such as concerts, trips, and people can reach
each other and do business thanks to the market page.
However, the people who use the application have the ability
to message among themselves. The main purpose of this
application is to inform users about the events, to learn their
comments and opinions, and to facilitate trading.
Social media applications with many different features are
developed for individuals to use according to their needs.
There are many social media applications for messaging,
sharing or informational purposes. Some of these are given
below.
The Uno Social application is an application that allows you
to connect with your classmates. It provides access to features
such as events, calendars or maps. It offers the services
offered on campus. The application has more than 1000
downloads so far.
The Mobile Campus application allows users to reach the
online campus on the go. It offers the opportunity to follow
active lessons or old lessons. Social groups can be established
and notes can be shared. There is also a web version of the
application. Features that cannot be done with the mobile
application are available on the web page. The application
currently has more than 5000 installs.
Facebook is a social media application that aims to enable
people to communicate with each other and share information.
It has a very wide user area. It is suitable for 13 years and
older. Local shopping is provided thanks to the Marketplace.
Games can be played inside. Photo, video can be shared and
instant notifications can be received. It currently has more
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than 5,000,000,000 downloads.
WhatsApp is a free instant messaging application. It has the
ability to send messages, calls, photos, videos and audio
messages. Since the session is always open, instant
notifications can be received. It also has the ability to share the
instant location. It currently has more than 5,000,000,000
downloads.
The social campus application developed in this study is an
application that encourages users to socialize and provide
information exchange. It informs us in advance of the events
to be organized. By opening topics, opinions of other users are
received. It covers everyone, not a specific university
community, and is user-friendly. The products that are wanted
to be sold with the Market section are delivered to other users
by posting ads.
Our study is divided as follows. Detailed information about
the subject is given in Chapter 1 and previous studies are
listed. The technologies used and the developed system are
explained in Chapter 2. Results and outputs are presented in
Chapter 3, and the conclusion part is shared in Chapter 4.
II. MATERIALS AND METHODS
A. Association Rule Mining and Fp-Growth Algorithm
Association rule algorithms [12] is a method used to find
relationships between variables in large databases. Finds the
possibilities of realization according to the data in the
database. Predictions about the future are made within these
possibilities.
Fp-Growth algorithm is one of the fastest approaches used
to find frequency data on the data set [13]. It works fast
especially on large datasets. Fp-Growth works with divide and
conquer logic [14]. Performs 2 scans on the database. In the
first scan, the support values of all objects are calculated. In
the second scan, a tree data structure is created. Thus, success
can be achieved in large data sets in only two scans. The
pseudo code of the algorithm is presented in Figure 4.

B. Used Technologies
React-Native:
React-Native [16] is an open source mobile application
development library produced by Facebook in 2015. Since it is
used with React components, improvements can be made to
the web, android and ios, the interface of which is completely
created by ourselves. Finally, version 0.63.0 is available.
Development is done using Javascript. When the codes are
compiled, they turn into a native structure. In React-native,
great attention should be paid to the life cycle of the
application in order to increase its performance. Because
doing important operations such as database connection in the
wrong places does not give the desired image by creating
instant changes on the application screen.
Django:
Django [17] is a high-level Python web application
framework. It was first released on July 15, 2005. Finally,
version 3.0.7 is available. It has a simple use. It has a very
fast, secure and highly scalable structure. Django uses the
Model-View-Controller (MVC) structure. It offers an easy
development environment thanks to the many methods it
offers out of the box. It uses object-relational matching
between relational databases. Thanks to serialization
processes, data in XML and JSON format can be used. By
default, the SQLite database is used.
Firebase:
Firebase [18] was founded in 2011 by Firebase Inc.
produced by. It is a platform designed for mobile and web
application development. Finally, the 7.15.0 version is
available for Javascript. It contains many features such as realtime database, cloud messaging, cloud storage. It has a useful
architecture to process application data in real-time. Firebase
was acquired by Google in 2014 and has been integrated with
many Google services.
Socket io:
Socket.io [19] is a javascript library prepared for use in realtime applications. It works with Node.js. Socket.io provides
real-time analytics and bidirectional communication. Finally,
version 2.3.0 is available. As of version 2.0, Socket.io uses
ȝ:HE6RFNHWVDVWKHXQGHUO\LQJ:HE6RFNHWOLEUDU\.
III. DEVELOPED SYSTEM

Figure 4: Fp-Growth Algorithm Pseudo code [15].
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The social campus application was made to enable users to
be aware of the events created, to start a topic and to learn
different comments about it, and to facilitate shopping
transactions through the market. Add, delete and edit options
are available for each section. Thanks to the search page, the
desired topic, event or user can be found. Popular topics and
market products are added to favorites. Users can message
among themselves. It has the feature of blocking each other.
When blocking is done, a structure has been created in which
old messages can be seen but new messages will not be seen.
The social campus application was developed using the
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0.61.5 version of React-Native. Django version 2.2.1 and
SQLite database are used. Database operations were
performed using the object model with Django. Chat
operations were performed using Firebase 6.7.1 version. The
connection between React-Native and Django is made using
rest technology. Data transfer is made with JSON. Instant
communication is provided by using Socket.io version 2.3.0.
In the market part of our application, the Fp-Growth
algorithm, which is an association extraction algorithm, is
used. In this way, you can see which products are mostly
examined together with the product you have examined.

your gmail address. The user can access the contents after
logging in with the registered account. You can list the events,
follow the opened topics or create a new topic, enter the
market section and contact users for their necessary needs.
Interface shapes of the application are indicated in Figure 6,
Figure 7 and Figure 8.
The screens shown in Figure 6 are the first screens the user
will encounter in the application. First, you have to register
and then log in. After login, you will first see the event list
screen. Details can be reached by clicking.
Other pages in the main plan are shown in Figure 7.
Products are listed on the Market screen. The options at the
top are filtering operations. The topics that have been opened
can be listed on the second screen. By clicking it, the
comments within it can be listed. The last screen is the search
screen. There are 3 different search options.
Figure 8 shows the profile page first. Settings are made
here. The second and third screens are the section where the
event and product details are listed, respectively. Product
deletion and editing operations can be performed on the
market screen.

Figure 5: System Architecture.

In order to use the application, you must first register using

Figure 6: Login-Registration-Homepage Screens.
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Figure 7: Market-Subject-Search Screens.

Figure 8: Profile-Event Detail-Market Detail Screens.

IV. CONCLUSION
In this study, a social media application was developed to
inform the users and to get their comments and opinions,
generally covering university students. Creating and
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publishing an event, creating a topic, listing the topics and
receiving comments and posting ads were successfully
completed. The Fp-Growth algorithm has been successfully
shown to the users, along with the products that users have
viewed, along with the most listed products.
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The application system is working successfully. In
particular, the codes of the application have been optimized
more legibly, resulting in high performance in terms of speed.
User-friendly design has been created. Thus, users can easily
use the application and find the menu they are looking for
easily.
Currently developed application works on android devices.
It does not work on ios operating system. The next work is to
develop the application to run on the ios operating system.
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Abstract - The criteria used to evaluate the software have a big
impact on the goal, so decisions to be made about which metrics
will be more efficient based on the needs of the software are very
important. Our goal is to measure the complexity of the software
at the design stage for two reasons: Complexity is an important
factor affecting the quality of the software in many aspects such
as reusability, understandability and maintenance cost.
Measuring complexity in the design phase can provide many
advantages in quality, due to the contribution of this phase in
reducing the cost and effort of redesign and sustainability.
In this study, software quality and metrics were examined, and
different calculations of code complexity, which is one of these
metrics, were discussed, applied and answers were sought for the
question of how to make it more efficient. Applications are made
in database objects that do not have large quality tools like object
oriented programming languages. As a result, it has been proven
that the complexity is measurable and controllable in these
objects, and it has been seen that a more detailed and extensible
model can be used successfully than the existing complexity
calculations.
Keywords - Code quality, software quality, code complexity,
maintainability

I. INTRODUCTION

W

hile trying to respond to the rapidly developing and
changing needs in the software industry, it is of great
importance to have reliable, cost-effective, standardscompliant and error-free software. Because the effect of errors
can be wide, it can cause big problems, which can cause
negativities such as endangering human life, stopping or
preventing communication and transmission, faulty
production, customer loss or bankruptcy. It is a testing method
to avoid all these problems. Testing is known as a method of
obtaining information about the functionality and quality
characteristics of the software and identifying errors. However,
most errors encountered / discovered during the testing phase
are late findings. Because every error in the test in the
production environment or even before causes the SDLC
process to be rerun from the previous stages and must be fixed
and retested respectively. This means a serious waste of time
and money. The early detection of software-related errors and
the detection and elimination of these errors during the
development phase provide significant savings. The aim is to
improve software quality by preventing and correcting errors
during software development. [1]
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Quality software should be easy to maintain, easy to
understand, well structured and open to development. In
addition, the error rate per line of code and the error rate
during the operation period should be at the lowest level.
According to the ISO 9126 quality standard, it is said that the
product of the software is updateable in summary for the ease
of maintenance feature. These updates; error correction in
software, software improvement and adaptation of software
according to changing and developing needs. These changes,
which are related to the fundamentals of the software, bring the
ease of maintenance feature to a very important point. If a
software application cannot well support changes due to ease
of maintenance, maintenance and repair work becomes quite
expensive. [13]
Complexity makes it difficult to read and understand the
software and therefore change it. It is among the main reasons
for the errors. Considering all this, we can say that the
complexity is the opposite of software quality. Therefore, it
plays an important role to measure complexity and keep it
within certain limits. In this study, after showing the
importance of complexity metric, its role in improving
software quality, and the advantages of measuring complexity
in the design phase, we will focus on applications that measure
software complexity.
The basic information used in Chapter 2 is explained.
Information was given about software quality, its relationships
with software metrics were examined, and complexity, one of
the metrics that most affected the code quality, was
emphasized. It has been explained how the proposed
complexity models are calculated, and their advantages and
disadvantages are compared. Section 3 is the section where the
relevant study is detailed. The complexity models proposed so
far have been tested on database objects and the results have
been interpreted, and a more comprehensive and expandable
model that includes all these models has been tried to be
created. A general judgment is made by comparing the results
of the study evaluated in Chapter 4 with the literature.
II. LITERATURE REVIEW
Software quality is a planned series of activities to ensure that
quality is integrated into software. If we define it, quality is the
degree to which the software or process meets the specified
customer or user needs, expectations and requirements. .
Quality activities should be followed at every stage of the
software life cycle in order to be efficient. For each step, it
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must be ensured that the resulting output and ultimately the
product meet the quality standards at the end of the process.
A key element in controlling, managing and improving the
software development process is software measurement.
Throughout the analysis, design and coding stages, the outputs
of product development must be measured, monitored and
managed so that they can be verified against predetermined
criteria. Product malfunctions can be prevented by making
software measurements. These metrics warn developers and
engineers of development errors, thereby preventing errors and
defects, both before and during the product release, and also
help monitor software development.
Software projects can be digitized using software metrics to
make measurements. Thus, by comparing the data obtained in
existing models, information about the status and progress of
the software can be obtained and new models can be
developed.
Software Quality Metrics
In order to objectively interpret and determine software
quality, its features need to be digitized. Various sets of
metrics are used for this. These sets of metrics are divided into
class and method level. [2]
Class-Level Software Quality Metrics
It is a set of metrics introduced by Chidamber-Kemerer in
1994, abbreviated as CC. The metrics calculated according to
this approach are as follows;
1. WMC (Weighted Method per Class): WCM is the
number of weighted methods in a class.
2. DIT (Depth of Inheritance Tree): It is the depth of the
inheritance tree, ie DIT is the distance of the furthest path from
a class to the root element in the inheritance tree.
3. RFC (Response for a Class): It is calculated by adding the
number of methods triggered by the class in a class and the
number of methods inherited.
4. NOC (Number of Children): The number of subclasses. It
can be defined as the number of children of the class or the
number of classes derived from a class.
5. CBO (Coupling between Object Classes): It is the
dependency between object classes. While there is no
inheritance between classes, the use of properties or methods
in one class in another class indicates dependency between
classes. That is, if class A uses the attributes or operations of
class B, then class A is said to be coupled to class B. CBO is
the number of different classes to which a class depends other
than inheritance, it is used to measure productivity and
reusability.
6. LCOM (Lack of Cohesion in Methods): It is the
compatibility of methods. For each attribute, the percentage of
the methods using that feature is determined and averaged, and
this value is subtracted from 100. The value obtained is the
LCOM value. While the intra-class cohesion should be high,
the coupling between classes should be low. [1-3]
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Software Quality Metrics at Method Level
1. Number of Lines of Source Code (Lines Of Code - LOC)
This metric was originally developed to estimate the manhours of a project. LOC is commonly represented as: Lines of
Code (LOC) counts each line, including comments and blank
lines.
2. Sustainability Index
The cyclic complexity calculates, based on the combination of
halstead volume, the number of source code lines and the
number of comment lines, and a score of how maintainable a
program is.
In a nutshell, it is the metric that measures the complexity of
maintenance of a module. Thus, it shows how easy it will be
maintained. It is abbreviated as MI. It uses values such as row
number, cyclomatic complexity and halsread completiy when
performing the calculation.
The formula used in calculation is as follows;
MI= 171- 5.2 *ln (v) - 0.23 * (G) – 162 * ln (LOC)
V= Halstead Complexity
G= McCabe Cyclomatic Complexity
LOC = Line Of Code
3. Complexity
The metric that we will go into details in our study measures
the difficulty of the module in making decisions. The nature of
the software always involves some complexity, but this level
must be kept under control. As the complexity increases, the
understandability and sustainability of the software decreases.
The software becomes unusable at the point where complexity
overcomes quality. The models suggested so far are as follows;
A. Cyclomatic Complexity
Cyclomatic Complexity is a software metric. In 1976 Thomas
J. McCabe, Sr. It is developed by and used to indicate the
complexity of a program. It provides quantitative
measurements of the complexity of the program through the
source code of a program, based on more information / control
flow regardless of program size.
The control flow shows a program as a graph consisting of
Nodes and Edge. In the graph, Nodes represent processing
tasks while edges represent the flow of control between nodes.
We can summarize the complexity as the number of
independent paths on this flow. An independent path is defined
as a road with at least one side that has not been crossed on
any other road before.
e: number of edges, arrows connecting nodes
n: number of nodes
p: number of exit points
cyclomatic complexity;
V(G) = E – N + 2P
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Advantages:
• Can guide the testing process. Cyclomatic complexity can be
effective in determining the level of the Quality Assurance
team's testing. If the complexity coefficient is high, we can
conclude that the piece of code / functionality is error prone
and requires an in-depth test.
• It gives information about whether the unit tests written by
the programmers are sufficient or not, because it reveals all the
paths of a method. It helps us focus more on the revealed
paths. Developers can be sure that all paths have been tested at
least once
• It gives information about how effective, simple and
sustainable the code written is.
• Since it will show the code snippets that are complex, it is
possible to improve these points and increase the
understandability of the code.
• Can be used as a measure of quality
Disadvantages:
• It is a measure of the control complexity of programs, not the
complexity of the data.
• In this, nested conditional structures are more difficult to
understand than non-nested structures. [3,6,12]
B. Halstead Metrics
Introduced by Maurice Howard Halstead in 1977, this method
is one of the complexity measurement methods, which is
classified as a measure of complexity, that is, that includes
both functionality and software. He argues that by summing
their numbers arithmetically, he measures the complexity of
software and obtains numerical information about codes.
Using Halstead operators and operands, it extracts the
following metrics;
n1 = Unique operator number
n2 = unique number of operands
N1 = Total number of operators
N2 = Total number of operands
N = N1 + N (Length)
n = n1 + n2 (vocabulary)
The above length and word capacity play a role as input in the
calculation of Halstead's other metrics. Other metrics are as
follows;
Program Length (Length / N)
Represents the sum of the total number of operators and
operands. It should be at most 300. It is recommended to
redesign a code block with a length value greater than 300. A
code block with a length of more than 500 must be reviewed
and redesigned.
N = N1 + N2
Program Volume (Volume / V)
It is proportional to the total size of the program. It is the
memory space required to store the program; so it is
represented by bits. It should be at least 20 and at most 1000.
A code block with a volume value greater than 1000 needs to
be redesigned.
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V = N * log2 n
Program Difficulty
It indicates the fault tolerance of the program and should be at
most 50. A code block with values greater than 50 needs to be
redesigned.
D = (n1 / 2) * (N2 / n2)
Program Effort (Effort / E)
Shows the effort to understand the program. A code block with
values greater than 500,000 may be considered poor quality
and may need to be redesigned.
E=D*V
Program Time Effort (T)
The time required for programming (T) is shown as a
reasonable time to create the Program. Shows the effort to
understand the program in seconds. A code block with values
greater than 5,000, ie 1 hour and 30 minutes, may be
considered poor quality and may need to be redesigned.
T = (E / B)
Here B is the higher number ranging from 5 to 20. However, B
is usually taken as 18 because it gave the best results in
Halstead's early experiments.
Program Bug Number (B)
It is the number of errors in the application. The number of
errors submitted is related to the overall complexity of the
software product. It can be calculated as follows:
B = V / 3000
Advantages of Halstead Metrics:
- Simple to calculate.
- Measures the overall quality of the programs.
- Predicts the error rate.
- Predicts maintenance effort.
- Does not require a full analysis of the programming structure.
- Can be used for any programming language
Disadvantages of Halstead Metrics:
- Depends on the whole code. [7-11]
C. Knot Complexity Account
The first method used to measure software complexity was
found by Dijkstra in 1968. In this study, the program quality is
defined as a decreasing function of the "goto" commands and
the "goto" command is specified as a simple measure of
complexity.
To show the flow of the program in Fortran programming,
lines with arrows are drawn to show where a jump from one
line of text to another line of program text has occurred. With
these lines drawn, "GOTO" commands are visualized. The
overlapping points are called "knot" or knot. A measure of
complexity is obtained from the total number of these knot
numbers. [4,5]
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D. Oviedo Data Flow Complexity Calculation
The Oviedo complexity measurement method, developed by
Oviedo as a "program quality model", takes advantage of the
data flow characteristics of a program. According to this
approach, a program consists of discrete blocks of sequential
expressions with a set of properties. And there is data flow
between these blocks. It is executed in sequence.
This model takes control flow complexity and data flow
complexity together. The ultimate complexity is the sum of
these two. Here, control stream complexity CF represents the
total number of edges in the control streamline, while data
stream complexity DF represents the total data flow within
each block.
Oviedo complexity for a G flow chart;
OV (G) = CF + DF
While Oviedo is an easy to calculate complexity method, it is
not preferred in large programs consisting of large blocks
because it takes a lot of time to calculate.
When we group the mentioned complexity models as control
flow and data flow, we get a result like the following table.
[4,5]
Table 1: Complexity Classification
Control Flow
McCabe
Knot

Data Flow
Oviedo
Halstead

III. RELATED WORK
Banking systems are critical systems in many different ways. A
simple rounding error can have a devastating effect on the
financial company's reputation, so there is a high pressure on
developers to work with precision and test their code as much
as possible. However, due to reasons such as competition
between banks, legal demands, and meeting the needs of the
age, business units demand the rapid implementation of the
demands. Developers often, due to time constraints, prefer to
reuse solutions that are already working and tested with rapid,
minor changes, rather than designing solutions correctly,
taking into account the quality and sustainability of their code.
This causes rapid development and growth of the system, often
based on uncertain and spontaneous decisions, which can
result in losing control over the code base in the long run.
At this point, the importance of keeping the code quality and
control of store procedures (sp), which are used a lot in the
banking system due to the advantages we mentioned above and
the intensive database usage, emerges.
Complexity has been calculated on the models proposed so far,
evaluations have been made on the usability of the results and
a more effective model has been tried to be created.
1.The Fırst Study
The complexity calculation was made using the formula of the
Cyclomatic Complexity stated in the literature study.
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Step1: As the first step, the key words to be used in calculation
are determined. Key Words to be used in our calculation are as
follows.
string [] keyWordSets = {"END LOOP", "END IF",
"ELSIF"};
Reading is done from the table with Store Procedures (sp), the
contents of each sp are first arranged with the regex library.
The editing stages include the following steps;
- A regex statement was written to clear the commented lines.
In the following figure, the content of sp (linetext) is given to
the expression, and the commented lines are replaced with the
"" statement.
- Similar to the above step, a regex statement was written to
remove the line where sp was created, and sp was stripped of
this expression.
Step 2: It is checked whether each word in the line contains the
key words we have determined by returning on the basis of the
arranged sp information. If it is, the "idxNode" value is
increased by 1, the total number of Edges is increased by 3.
And the resulting value is obtained by substituting the obtained
parameter values in the formula below.
int Result = (totalEdge + idxNode - 1 + 2) - (totalNode + 2) +
(2 * 1)
The result obtained by giving the complexity level from 1 to 4
is interpreted as 1 if it is between 1-10, 2 if it is between 1120, and 3 if the complexity is between 21-50 and 4 if it is
outside these ranges.
2. The Second Study
Halstead method, which calculates complexity using operators
and operands, is used.
Step 1: In the first step, the operands and operators to be used
in calculation are determined. The determined lists are as
follows;
string [] keyWordSetsOperators = {"END LOOP", "END IF",
"ELSIF", "=", "-", "+", "/", "*", "++", "RETURN", " <","> ","
VARCHAR2 "," NUMBER "," IF "," SELECT "," INSERT
"," DELETE "," UPDATE "," COMMIT "," DISTINCT ","
WHEN "," CASE " , "THEN", "FROM", "WHERE",
"INTO"};
string [] keyWordSetsOperands = {"0", "1", "2", "3", "4", "5",
"6", "7", "8", "9", "p_%" "v_%"};
int n1 = 0; // number of uniq operators
int n2 = 0; // number of uniq operands
int N1 = 0; // Total number of operators
int N2 = 0; // Total number of operands
Reading is done from the table with Store Procedures (sp), the
content of each sp is first edited by following the steps in the
first work with the regex library.
Step 2:
It is checked whether each word on the line contains the
operands and operators that we have determined by returning
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on the basis of the arranged sp information. If it is, the values
of n1 and n2 are increased by 1, and their total number is
thrown to the values of N1 and N2.
The result is obtained by substituting the values found in the
formula given in the literature study.
Since the store procesure we examined does not contain the
term "GOTO", Konot does not fit into the Oviedo complexity
calculation as it does not consist of blocks.
The two methods we examined were using the regex library,
reading and writing from the database caused performance
problems. This led us to do the operations we did in the
database.
Although it is observed that the use of Cyclomatic Complexity
gives much easier and healthier results compared to the
Halstead method, the fact that all keywords affect the
complexity of equal value is contrary to practical use. Our
study provides the opportunity to give weight to the
determined keywords, so more detailed results can be
obtained. It can call other store procedures inside. We can add
sp's, which we know to work for a long time, to these
keywords, assign a certain weight, and move the sps that use it
to the top in the order of complexity. Likewise, this method
can be used for tables with a lot of data. Thus, we give the user
the opportunity to interpret and use complexity more flexibly.
3. The Third Study
Step 1: It is the stage where Store procedures are parsed. The
store procedure discussed is first divided into lines, then into
words, and the texts to be used in the complexity calculation
are determined.
Step 2: The extracted data are mapped here (for example; the
beginning and end of the Loop and If conditions, their depths,
etc.) and the SP objects and their depths, if any, are kept in 2
different tables.
Depth calculation is made with line information. The first IF or
LOOP and END statements found form a block. And their
depth is 1. The depths of IF or LOOPs in this block increase
by one. For a block that is not inside it, the depth continues to
be 1 again.
3. Step: In this step, all data are calculated according to the
calculation structure designed parametrically and scored. The
parametric calculation structure designed has the following
features:
- There is a definition table where the features to be used in
calculation are determined. Here, a feature exraction study was
performed based on the information obtained in the previous
step, and the calculation of the determined features according
to their coefficients was also used.
- Another definition table to be used in the calculation is the
table containing the control types as the content specified for
the parser operation. Here, a study has been made to determine
the keywords (control types to be used in the calculation).
- Finally created calculation rules table; It is the table
containing the calculation rules, including the cross of the
feature definition table and control type definition tables. In
this table, the coefficients to be used in scoring for each
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feature that is desired to be used for each control type, and
whether that feature is used or not in that control type are
recorded.
- The effect of each calculation rule is set to 1.
Calculation:
From the table where the cross is made, the rules to be
included in the calculation are taken respectively, the count of
the records that provide that rule in a loop is taken and the
effect coefficient of that rule (all taken as one) is added to the
general total. It gives the complexity of the total sp we get at
the end of all the rules.
IV. CONCLUSION
In software projects, by measuring the quality, problems that
may occur at important points such as maintenance-repair,
functionality and reliability can be prevented. Software
projects can be digitized using software metrics to make
measurements. Thus, by comparing the data obtained in
existing models, information about the status and progress of
the software can be obtained and new models can be
developed.
Complexity is a metric that should always be kept under
control, as it is the main reason for poor software quality. In
the study, the methods that can be used to calculate the
complexity of the different layers in the software architecture,
especially the database objects, are emphasized and the effects
of the results on the error estimation are analyzed.
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Abstract - With the rapid development of computer
technologies, network security has become one of the essential
issues today. Distributed denial of service (DDoS) attacks are
getting more and more important security threats as the
improvements on network speeds create new challenges for
traditional intrusion detection systems (IDS) to overcome.
Moreover, the IDS systems have to deal with a huge set of data
from systems and networks to be monitored and managed
effectively in real-time, which imposes an important problem due
to the large-scale data with many redundant and non-useful
features. In this paper, we present an effective procedure
composed of feature selection and dimensionality reduction
(FSDR). In the selected subset of features, we applied mutual
information (MI) for scoring the whole feature space with the use
of empirical cumulative density function (ECDF) to select a subset
of features that depend on the uncertainty value in MI. After that,
we improved the singular value decomposing (SVD) algorithm to
reduce the dimensions of the new space of the features selected in
MI and we implemented with the back-propagation neural
network algorithm to detect various types of DDoS attacks.
Primary experiments are implemented in MATLAB environment.
The experimental results show us that our method can select the
optimal number of features of two datasets. First, the benchmark
of NSL-KDD dataset has reduced the dimensions from 41 to 4 and
in addition to a modern dataset of DDoS attacks created by
Alkasasbeh [1] and its features are reduced from 27 to 6 with
highest classification accuracy is still obtained, after carrying out
with 5-folds cross-validation. Our suggested method [2] can
efficiently minimize dimensions and diminish their computational
overhead without jeopardizing on classification accuracy of
attacks.
Keywords - Distributed Denial of Service, Intrusion Detection
System, Mutual Information, Empirical Cumulative Density
Function, Singular Value Decomposing, Dimensional Reduction,
Feature Selection.

W

I. INTRODUCTION

ITH the swift growth of network technologies, security
has become one of the primary issues now. One
significant security menace is the Distributed Denial of Service
(DDoS) attack. Continuous improvements in network speed
bring new challenges to traditional detection methods. DDoS
attacks make a victim decline supplying normal services on the
internet by overwhelming an extraordinary number of
malicious traffic. Attackers do not use security vulnerabilities
in a networked system but launch attacks against their
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availability.
In recent years, DDoS attacks and their effects have
increased dramatically. Not only did DDoS attacks get bigger,
but they also became more frequent and complex. These attacks
have several patterns like overwhelming the server using some
exploits weak points in service by using software application,
the attacks utilize all available resources on the destination
device and that consume the entire available bandwidth for the
victim device.
The attacks are trying to use computer resources of original
users. In general, it consists of stakeholders' efforts to prevent
the functioning of Internet sites and services to be executed
efficiently or temporarily often. One such solution to detect the
DDoS attack is IDS .The IDS ensures availability by checking
traffic against malicious action employing a predefined set of
signatures representing different attack behavior .One of the
major difficulties with these systems is that it cannot detect
suspicious behavior application if none of the predefined
signatures match the pattern of data being searched [3].
However, the amount of data that must be monitored and
processed for the effective management of real-time networks
and systems has become a significant issue in large-scale data.
In real time the data comprises several features many of which
are redundant and irrelevant. Because these features may
impact, the performance of detection DDoS maintains
expression features to improve IDS efficiency and
performance.
In addition, many anomalies only become visible after
analysis and examining data in traffic network from multiple
locations. For data analysis, we need a preprocessing stage to
clean up the data and convert it to an appropriate format so that
effective mining is done. Preprocessing is especially helpful for
data consisting of complicated structures and multiple
dimensions. Consequently, miniaturization is performed as a
preprocessing step into which irrelevant and unimportant sizes
are identified and eliminated. It is an important stage of mining
data to help improve the performance of learning machines. The
main advantage of diminishing dimensions is to improve data
classification of data groups improve computational efficiency
and improve data visualization. It is primarily because the
server cannot keep track of the desired source, it is, therefore,
difficult to detect an attack without the specific features of the
attack being accurately selected. Machine learning algorithms
are not a novel approach to DDoS attacks detection and
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accuracy varies according to many data due to the massive
traffic on the Internet and rapid growth in the types of intrusions
and the multiplicity of methods cybersecurity models demand
scalability and durable .in addition, over-fitting is difficulty
faced in the machine learning is over-fitted including a part of
data[4].
Over-fitting may become a negative influence on DDoS
attack detection performance. Increasing the dimension of the
data set increases the size of the data region leading to
occasional data. Consequently, high dimensions of data lead to
problems, making classification with datasets with a high
number of dimensions difficult [5]. Therefore, one of the key
steps in detecting DDoS attacks and analyzing traffic well is
feature selection and dimension reduction. The number of
features or variables for a smaller group is adequate to obtain
important information for network management purposes.
Improvements to our study is focused on selecting the best
prominent features of DDoS attack detection to increase
accuracy detection and reduction of the complexity of the
model. It is worth mentioning that a few studies dealt with
identifying features and reducing the dimensions for DDoS
attacks.
Dimension reduction and feature selection have an active
role in pre-processing phase in numerous machine learning
usage. As mentioned prior, a data set consisting of multiple
features and a few instances may cause overfitting. Typically,
the tracking of suspicious and variable traffic and new attacks
may not be disclosed unless an intensive study of traffic and
could not be disclosed. These features may not reflect their
connection to an impact on a particular type of attack. Moreover
the aggregated data sets may include interrelated features that
may give better results when incorporated.
Hence, the motivation for this task is to develop a method
for feature selection which can detect interrelated features
across a spacious range of possible features and could be
employed for DDoS attacks detection and also detect new
attacks that are damaging to Internet networks and users by
exploiting limited examples of attack.
In this research, we have developed a new approach to
information theory which proposed as combine between Mutual
Information Feature Selection and Singular Value
Decomposition Dimension Reduction Method named (FSDR)
to estimate the relationship between output class and any input
feature. The algorithm owns the following characteristics like
It efficiently selects features on some of the first step giving
weights to all features using the mutual information and the
ranking feature Secondly, we will introduce a new calculation
for redundancy to degrade the bias of mutual information by
using the empirical cumulative function of uncertainty and
keeping values of MI in a closed interval. Finally, we use
dimension reduction to eliminate noise, and selecting the least
number of features maintain accuracy high was achieved which
selects features depending on this methodology it is not
required to determine the threshold value for the candidate
selection process as required in previous methods and studies.
We developed a system based on anomaly improved to
detect abnormalities of DoS attack and DDoS attack using
neural network classifier application. In addition to modifying
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the structure and design of the neural network algorithm to suit
the nature of the data set used in the search.
This paper is organized as follows: Section I introduces
denial of service attacks and the objectives of this
study. Section II surveys the literature for the related works in
the area of our research. Section III gives general introduction
of DDoS attacks. Our proposed methodology is demonstrated
in Section IV along with the technical issues. Additionally, it
illustrates the integrated phases about the proposed framework
and the algorithm for detecting and algorithm combine for
feature selection and
dimension
reduction. Section
V
demonstrates
and
discusses
the
simulation
results presented and analyzed. Finally, Section VI concludes
this paper.
II. RELATED WORK AND LITERATURE SURVEY
In the literature, we have seen that most of the researchers
dealt with methods of detecting the attack, did not elaborate on
the features and characteristics and ways to reduce the distance
and how to choose. Selection of features is crucial for the
performance of detection. Using all features from the data set
can cause large memory and disk usage and slows down the
detection. Therefore, the aim of feature selection is choosing
the most representative features which may have the most
discrimination power over the data set. S. Sasikala et. Al. [6]
introduced a multi-method of filtering consisting of several
stages of extracting feature minimizing dimensions by PCA and
they used the feature selection, Correlation based Feature
Selection (CFS). The latter stage is a method of making an order
of features in the new subset selected by Symmetrical
Uncertainty (SU) as specified and classification, before being
selected for the final stage by the SVM algorithm to select the
efficient subset of the dataset for an examination on the
enhancement of detection accuracy and best feature subset
selection. The method was applicable to 22 diverse medical
datasets.
Liao Qin [7] investigated the difference in user behavior
based on a weblog, and they introduced a series of 14dimensional feature space based on user behavior (normal,
attack) to describe properties of user behavior. Their study
showed the relative variations and/or similarities in DDoS
attackers or regular users. Durability applying three classical
data mining classification algorithms are adapted to the
detection, which are Naive Bayes, RBF Network, and C4.5.
Empirical. Results showed that advised features are proper to
differentiate legal users or attackers of the application layer.
The results show the correctly classified instances are quite high
around 99.98%.
%DONDQOÕ et. al. [3] exhibited the best informative features
for a strong detection performance on Backscatter DDoS
traffic are located to be: frame. Len, IP TTL, and IP prototypes
uses C4.5 classifiers trained on initial attack traffic is possible,
by the feature selection techniques, namely Chi-Square and
Symmetrical Uncertainty, are applied to build different C4.5
Decision Tree classifiers. The results revealed that the autogenerated rules by the C4.5 Decision Tree classifier using only
7 features could reach more than 95% precision in detecting
new Backscatter DDoS attack patterns.

76

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

Chaitanya et al. [8] proposed detection method utilizes a set
of feature selectors using PCA-based feature selector and
correlation-based feature selector. An attack detection
method was presented that assists in identifying various attack
scenarios utilizing a statistical method. The statistical approach
towards the network analysis based on deviation from the
standard conduct of the network traffic is employed.
Rejimol and Ciza [9] proposed to decrease false positive
and false negative errors, boosting precision, recall and keeping
detection accuracy by employed supervised ML algorithms to
evaluation and ranking of some features. This work suggests the
effectiveness of performance-based classifiers particularly the
performance algorithm of Ad boost with Random Forest as the
base classifier. Research shows that the use of SDN brings a
new opportunity to defeat denial of service attacks in an
electronic computing environment.
Gnanapriya et. al.[10] worked to develop the work of IDS
by identifying the reduced features Information. Gain, and the
Gain Ratio were adopted as techniques for features
selection. Additionally, they utilized the Feature Vitality Based
Reduction
Method (FVBRM method) for
getting
and
distinguishing the reduced group of important features. They
used a Greedy Forward Selection method for feature selection
and selected 20 attributes out of 41 features. The classification
accuracy of the KNN algorithm was close to 100%.
Opeyemi et.al. [11] suggested a method named an
"ensemble-based multi-filter feature a selection of EMFFS"
which brings together the output of four filtering methods to
select features to achieve and improve the selection of features.
Their results show accuracy of 99.67%
Suleman et. al. [12] focused on identifying some of the
most likely attributes of an attack denial service based on the
calculation of weights using entropy calculations. The proposed
method relies mainly on using Shannon entropy and granular to
calculate the weights to select the most important features of
their impact in the denial of service attack.

machines [14] .The Figure I below illustrates the DDoS attack
structure.

Figure 1: Structure of DDoS attacks

IV. DESIGN AND METHODOLOGY

III. DDOS ATTACKS

The purpose of the suggested method is to reduce feature
sets considerably while maintaining and improving
classification accuracy by using back propagation neural
networks. In suggested method, we combine the method of
feature selection and dimension reduction called (FSDR) for
selecting important features that influence in DDoS attacks. In
literature studies, it has been found that most feature selection
and dimensionality reduction methods are biased towards
considering attributes with many different values. Despite,
attributes with quite small information value to seem to receive
unfair choice [15]. We use BPNN algorithm to evaluate the
approach for detecting the DDoS attack to diminish the false
positive value. The proposed method includes three stages.
Figure II shows the entire system flow of the proposed model.
Proposed framework consists of following stages:

One of the well-known threats to cyber security is
Distributed Denial-of-Service (DDoS) attacks in which the
victim network is bombed by the whole of the worthy number
of attack packets originating from many computers. The hosts
that operate these tools have an attack that they call zombies
and can be attacked by an attacker taking something. A
successful DDoS attack manages to degrade the subject and
cause serious harm to critical infrastructure elements. A Denialof-Service DoS attack is a malicious try to consume a service
and thus denying reach to it for its legitimate users. A
Distributed Denial-of-Service (DDoS) the attack is a subset of
the DoS attack, which as the determine suggests, is carried out
in a distributed fashion. To obtain this, attackers commonly
employ what is called a botnet to execute the attack [13] .To
execute the DDoS attack, the attacker determines to discover
the vulnerable hosts which can be utilized to start the DDoS
attack by applying variety of survey methods named random
scan, multiple scan list, topographic scan, local subnet scan,
scan switch, and partitioned permutation scanning. After
knowing the vulnerable devices, the attacker injects malware or
attack tools into the device by utilization the weakness in the

 Phase I (Data Collection and Pre-processing)
o Selecting NSL-KDD dataset or Alkasasbeh dataset.
o Dataset Preparation, Labeling Dataset, and
normalization.
 Phase II (Our algorithm FSDR for feature selection)
o Apply the mutual information for feature scoring.
o Apply Normalization on new feature scoring by
empirical cumulative distribution functions to
expand variance of feature scoring.
o Determine threshold depend on uncertainty value to
select subset of features.
 Phase II (Dimension Reduction)
o Apply developed SVD with new features space.
o Apply PCA for comparison
o Apply SVD for comparison
o Apply datasets without using dimension reduction
methods.
 Phase IV (Verification of DDoS attacks Detection)
o Training and testing by using NNs Using the Backpropagation Algorithm.
o Evaluating results of both datasets
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Preprocessing stage, the size of the data indicates that needs to
reduce the size and preprocess data to change the data type to
labor with the selected classification algorithm. The NSL-KDD
and Alkasasbeh datasets as input data sets include several
features. However, they are in different formats. Some are in
the numeric format, others are in nominal format. Therefore,
data sets of these different formats must turn into similar
formats and extract from the next stage. The types of nominal
features were mentioned in the previous chapter and will be
numbered of sequence with the two original data sets. Conducts
the conversion processes the following steps:
1. Input NSL-KDD dataset /Alkasasbeh dataset
2. Calculate the probability of (protocol, service, flags,
node name from and name to.)
3. Replace nominal value of numeric data
4. Generate a numeric CSV file
5. Read a CSV file and normalize it, using Min-Max
normalization
6. Generate a normalized Mat and CSV file.
Output NSL-KDD Dataset /Alkasasbeh dataset.

Figure 2: Component architecture of the proposed work

In this search, we used two types of data set. First is NSLKDD benchmark dataset. The focus of this study on DoS
attacks only because it constitutes 78.3% of all attacks. DoS
attack to the rest of the attacks occur in a network of six kinds
of attacks. The four most important types of DoS attacks were
selected out of six as Neptune, Teardrop, Smurf and Back as
well as Normal were extracted from the complete NSL KDD
data set. The dataset contains 41 features and the selected part
of the dataset consists of a training set containing 113051
records and a test set of 15404 records.
Second dataset we used is a new dataset by Alkasassbeh et.
al. [1]. They provided a set of data containing modern types of
an attack targeting different OSI layers such as Application
layer and Network layer. The dataset contains 2160668 records
of the normal attack types. We randomly selected 25,000,000
records to test them in our model between normal traffic and
four kinds of attack.
A. Phase I: Data Collection and Pre-processing
a. Preprocessing and labeling the dataset
Data preprocessing comprises of a sequence of steps to
convert raw data acquired from data extraction into a clean and
neat data set before statistical analysis Preprocessing is aimed
at evaluating and enhancing the quality of data to enable regular
statistical analysis. It includes preprocessing data such as
cleaning integration conversion and reduction data[16].
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b. Normalization
The third stage of data processing, it is performed by a
preprocessing module and data for a ready machine learning.
Normalization makes it easy to compare different features with
a range specified on a different scale, such as (-1 to 1) or (0 to
1). In addition, normalization can accelerate the time needed to
train a neural network[17]. We used normalization in three
stages of work. First step is the process of converting the
nominal features into numeric; we used the min-max equation.
Second step is the stage of mutual information for feature
scoring using the z-score and at final step is in the preclassification phase using the data also using z-score equation.
The method uses Min-Max normalization strategy between 0
and 1 to normalize.
B. Phase II. Feature Selection
a. Mutual information (MI)
Mutual information MI is an essential connotation in
information theory also it is broadly employed in artificial
intelligence (AI). MI indicates the presence of the information
shared among two variables and measuring the extent to which
one variable is known will be reducing the value of uncertainty
for the other. Higher mutual information means that the
uncertainty is largely reduced, Low mutual information means
a small reduced in uncertainty, zeroing mutual information
among two random variables intends that the variables are not
dependent. The way it works depends on if there is a lot of
information shared among the feature and class of labeled data
then this is a strong signal that this feature is significant and
beneficial in identifying class members from other. The idea
about the uncertainty concerning random variables is adopted
by its entropy. The concept of entropy included discrete
variables and continuous variables.
b. Empirical Cumulative Distribution Functions
In statistical methods, empirical distribution function
indicates the distribution function correlated by empirical
measurement from the sample. The Empirical Cumulative
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Distribution Function ECDF is a valuable assessment of the
cumulative distribution function CDF to a random variable. We
use ECDF to expand weights variance of features by
normalizing it that has obtained form MI and the determent
threshold of uncertainty value that formed the points in the
sample. The empirical CDF is calculated by ranking each
sample (separately for each variable) and then rescaling the
integer rank values to the range (0, 1). The ECDF is nearly
related to the cumulative frequency and it is determined by
getting no assumptions about the underlying distribution. It
allocates a probability of 1/n to each point of data n. The order
arranges the ascending order of the values, and the sum of the
allocated probabilities is calculated up to including each
observation in a sample.
C. Phase III: Dimension Reduction
a. Enhanced Singular Value Decomposition (SVD)
SVD is considered to be one of the most important and
common methods factorized matrix. SVD provides an accurate
description of any matrix, and as well as facilitate the removal
of the insignificant parts of this representation to provide an
approximate representation of any number of respectable
dimensions.
This part is considered the last of the second stage and after
completing the selection of subset features from the original
datasets by using MI. We will use SVD's enhanced dimension
reduction algorithm for the new set of features. Our model
depends on the regular SVD but our idea is to rank the
Eigenvalue which is in diagonal and accelerated Singular Value
Decomposition.
b. PCA algorithm
Principle Component Analysis (PCA) is one of the linear
methods that reduce the dimensions of data by analyzing the
variance between the factors. PCA investigates the correlation
between a couple of attributes to determine that important one
and leads to a linear drawing of data into a less dimensionality
space so that the contrast of the data is magnified in the low
dimensionality space. PCA builds the data correlation matrix
and calculates the eigenvector corresponding to the largest
eigenvalue component used to reconstruct the majority factors
of the variation from the original data.
D. Phase IV: Neural Network DDoS Detector
a. Back-Propagation
This method enables the error derivative calculation
between the actual output and the target which is derived
independently for all weights in the network. In multi-layered
Perceptron NNs, the backpropagation algorithm is utilized to
calculate the necessary modifications after random selection of
the network weights.
b. Residual Network
Residual Network is a neural network structure that
resolves the difficulty of fading gradients in a way that is as
simple as possible If you encounter problems sending the
gradient signal in the reverse direction let's set a shortcut for
each layer in the network and proceed smoothly.
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E. Training and Testing Stages
All stages of training and testing in classifier BP-ANN for
both data sets NSL-KDD and Alkasasbeh were validated by 5
cross-validation to evaluate the model performance.
The aim of employ cross-validation is to use the whole
available data set in the learning stage. To accomplish this
cross-validation the data is randomly split into K fold. As every
fold, the whole data set is employed, however it is a learning
set. It is employed as a test set. The mean error for each fold
produces a small biased estimator [18]. We applied 5-fold Cross
Validation in the study by using MATLAB. The datasets are
randomly split into 5 segments where the layer is represented in
roughly the like proportions as in a whole set of data. Each
segment is kept in turn and the learning stage is trained on the
remaining 4/5 next the error rate is computed on the standing
segment. The learning phase was carried out a total of 5 times
on separate various training sets and subsequently, the average
error rates of five resulted in a general error calculation. The
consequence of the classifier BP-NN is the part that really
makes us understand whether our DDoS detection model is it
operating correctly or not.
V. RESULTS AND DISCUSSION
In this section, we will review the general performance
results of the BPNN by using NSL-KDD and Alkasasbeh
datasets based on the training and testing. We empirically
evaluate Guided Dimension Reduction Features Selection
(GDRFS) by comparing it with some of the dimension
reduction methods based on two data sets NSL-KDD and
Alkasasbeh. We essentially observe the difference between the
returned feature subsets related to different dimension reduction
methods. Hence, we respectfully present the results of the NNBP classifier, since the classification performance is the
ultimate evaluation of a criterion. As one of the basic methods
of the data sets of the proposed model in the selection of
features and the reduction of dimensions using MI and
developed SVD and their effect to detect DoS and DDoS
attacks. We will review the results of four experiments using
the SVD algorithm, the PCA algorithm, and the two sets of data
without using the reduction methods. These algorithms are used
to reduce the space feature of 41 and 27 and the features of both
data sets and the classification of four types of DDoS attacks
for both data sets. The results were done by using the MATLAB
2014a, program language to implement our proposed approach.
There are four sets of experiments implemented in the
study, which are our model GDRFS experiment, PCA
experiment, SVD experimental and non-dimension reduction
experiment. All experiments are implementing in Neural
Network BPNN classifier to testing two datasets NSL-KDD
and Alkasasbeh data set for detection DoS and DDoS attacks in
both multi-class datasets and the binary class dataset. The
performance results of the Neuronal Neuron Network with both
the multi-layer and the binary classes were obtained in two sets
of datasets with the highest accuracy of 99.1, 97.92, 98.09, and
98.80 with our GDRFS compared to the other three trials,
respectively.
The results indicate that the higher classification accuracy
is achieved by a diminutive number of features during the
suggested method is employed as feature selection and reduced
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dimensionality of big dimensional datasets. That is achieved by
use of MI with the ECDF estimator is the first guide in selecting
the best features of the total data set, where the descending order
of the original group values is performed according to the
highest exchange information among the variables. The
uncertainty threshold value is usually set to a higher value so
that the nonnegative value and not very small in the mutuality
of information between the two variables above the threshold
and can be selected to subset features. Where ECDF determines
the uncertainty values to ignore negative and non-useful values
based on MI's work, finds an optimal subset of all attributes and
removes irrelevant and redundant attributes. Which identified
17 features out of 41 in the first data set and 8 out of 27 for the
second data set.
Since objects in the MI feature selection dataset are not ideal
for classification, we used another guide, i.e. the improved SVD
algorithm to reduce dimensions. SVD only uses 4 features of
mapped data, instead of all 17 features and 6 features of the
newly selected in early phase, instead of all 8 features, based on
reconstruction. This means that maintaining a 96% variance
ensures that the information dropped is not much.

BPNN classifier to testing two datasets NSL-KDD and
Alkasasbeh dataset for detection DOS and DDoS attacks in both
multi-class datasets and the binary class data set. The
performance results of the Neuronal Neuron Network with both
the multi-layer and the binary classes were obtained in two sets
of datasets with the highest accuracy of 99.1%, 97.92%,
98.09%, and 98.80%. We compared the GFSDR method with
the PCA and SVD reduction methods as well as the two sets of
data tests with the full set of features.
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I. INTRODUCTION

costs in the SC. In [3], the problem of determining the optimal
power flows and nodal prices in the SC of electricity market
was solved, first, by deriving a variational inequality based on
the equilibrium state in the SC and, then, by solving this
inequality using the numerical mathematical method - the
modified projection method (MPM) [4-5]. In this way, optimal
power flows and nodal prices in the SC were obtained,
whereby the function of the total profit in the SC was taken as
an objective function. The number of iterations of this MPM
application was been 230 to 633, depending on the numerical
example that was solved, and the equilibrium condition in the
SC is approximately satisfied.
The aim of this paper is to apply one of the meta-heuristic
optimization methods on the mentioned model of SC and get a
better solution than the solution obtained using MPM. It is
known that meta-heuristic methods are suitable for solving
nonlinear complex problems of large dimensions. Therefore,
the paper uses one of the recently developed meta-heuristic
methods based on the phasor particle swarm optimization
(PPSO) algorithm [6-7] and represents an improved, wellknown particle swarm optimization (PSO) algorithm [8]. By
applying this algorithm, better solutions are obtained in terms
of: the amount of total profit, computation time (number of
iterations) and satisfying the equilibrium condition in the SC.

In the deregulated electricity market, electricity trading
takes place on different trading paths such as day-ahead
markets, future markets and forward contracts. Different
supply chain (SC) models have been used in the literature to
analyze these markets [1-3]. One of the models used to
analyze the electricity market is the equilibrium model of SC
[4]. This model is characterized by the condition that the
participants of SC of one tier (traders, for example) are
competitive with each other, but each of them is associated
with participants in the other layer (for example, generators)
with which they are not competitive. In the equilibrium model
of SC the condition for determining the node prices is that the
total amount of goods (electricity) entering the node is the
same as the amount of goods leaving the node. The
Equilibrium SC model is also characterized by a large number
of controls and dependent variables and functions of different

Figure 1 shows the scheme of equilibrium SC in a
deregulated electricity market, which is similar to
corresponding scheme given in [3]. The scheme contains three
tiers with a certain number of nodes in each tier. In the nodes
of the same tier there are SC participants who are competitive
with each other, but are uncompetitive in relation to the
participants of the other tiers. The links between the tiers
represent the rights of participants in the SC to sell or to buy
the electric energy and they are not physical. Links 1, ..., q, ...,
Q represent variants of the transmission lines used to transmit
electrical energy (power). In the first tier are generators (g)
which total number is G, in the second tier are suppliers (s)
which total number is S and in the third tier are demand

Abstract - This paper proposes the application of the recently
developed meta-heuristic algorithm named phasor particle
swarm optimization (PPSO) for solving the problem of power
flow and pricing in the deregulated electricity market. The
market is represented by an equilibrium supply chain (SC) model
in which the participants of one tier are competitive with each
other but at the same time cooperate with the participants of
other tiers of the SC. The cost functions in this model are
nonlinear and non-separable. The objective function in
determining optimal power flows and nodal prices in the SC is a
function of total profit of SC. The results of PPSO application are
compared with the results of application of numeric method
named modified projection method (MPM) which was applied on
the same model in the published literature. Also, the PSOSCGSA, as one of the latest meta-heuristic algorithms, is used in
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were w(t) is the inertia weight, which makes a balance
between local and global search, C1 and C2 are the
acceleration control coefficients, r1 and r2 are the uniformly
distributed random numbers within [0,1], pbest i t is the best
position of ith particle (personal best position), and gbest is
the global best position in the whole population.
PPSO is improved PSO based on modeling the coefficients
C1 and C2 using the phase angle (ș). Thus, PPSO becomes
nonparametric algorithm. In the PPSO the inertia weight w(t)
is set to zero. The equations for updating the values of
velocity, particle position and phase angle will be the
following:
vi t  1

cosTi t

2 sin Ti t

 sin Ti t

2 cos Ti t

xi t  1

xi t  v i t  1

Ti t  1

 pbest i t  xi t

Step 1
Step 2

Step 3
Step 4
Step 5
Step 6



(8)

 gbest t  xi t

Ti t  cosTi t  sin Ti t  2S .

Table 1: Steps of PPSO application for solving problems of power
flow and prices

Step 7

Read the input data: SC configuration, cost functions of
generators, suppliers and transaction, and demand
functions.
Specify the objective function. Specify the control and
depended variables. Specify the limits of variables.
Define the number of search agents (population size).
Set the maximum number of iterations. Generate the
initial random search agents.
Calculate the values of the objective function (fitness

Apply the PPSO operators (8), (9), (10) to create a new
population of agents, which are improved solutions of
problem.
Repeat steps 4-5 until the stop criterion is meet, i.e. the
maximum number of iterations.
Report the optimal solutions.

(9)
(10)

The general structure of the PPSO algorithm is as follows:
Initialization
1. Define the objective function F(xi) and a space of
possible solutions X.
2. Generate the number of search agents (N) (possible
solutions) which are randomly selected between the
limits of the control variables values. Set the iteration
counter t=1.
Calculation and iterative procedure
3. Calculation the fitness value for each agent in the
current population.
4. Generate the new population of agents, updating the
current velocity and current position of agents, using
the equations (8) and (9).
The phase angle și is selected through uniform
GLVWULEXWLRQ 8 ʌ  DQG FRUUHVSRQGV WR WKH
randomly selected xi. The phase angle is updated
using the equation (10).
5. The process of updating the velocities and the
positions is stopped by meeting a stop criterion.
6. Report the best solution. Stop.

V. SIMULATION RESULTS
The PPSO has been tested on the SC numerical example
which was used in [3,10], for testing the MPM. The power
generating, transaction, and operating cost functions, and the
demand functions of the numerical example are given in Table
2. The SC numerical example includes 3 generators, 2
suppliers and 3 demand markets. The objective is to maximize
the total profit of SC (Ȇg Ȇs). The obtained optimal values
of power transacted in the SC, demand prices and prices for
transfer of the power from generator g to supplier s are listed
in Table 3.
Figure 2 shows the convergence profile of PPSO and
PSOS-CGSA in solving this problem. The PSOS-CGSA is one
of latest algorithms which was developed in [11] and is used
in this paper for comparison of results. It may be observed
from Figure 2 that PPSO and PSOS-CGSA converge to their
global optimums in 20 and 55 iterations, respectively. The
MPM, which was applied in [3,10], converged in 232
iterations for same test example.

IV. APPLICATION OF PPSO FOR SOLVING PROBLEMS OF
POWER FLOW AND PRICES

Application of PPSO for solving problems of power flow
and prices in the electricity market using above equilibrium
model of SC can be described in the steps shown in Table 1.
The PPSO is implemented in MATLAB R2017a
computing environment and run on a 1.6 GHz, PC with 3.0
GB RAM. The population size and maximum number of
iterations are set to 50 and 200, respectively.

Figure 2: Convergence of PPSO and PSOS-CGSA.

The results shown for the PPSO and the PSOS-CGSA are
the best values obtained over 30 consecutive runs. Table 4
shows the comparison of minimum, maximum, and mean
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values and standard deviations of the results obtained by
PPSO and by PSOS-CGSA over 30 runs. It can be seen that
the proposed PPSO provides better solutions than PSOSCGSA.
From Table 3 follows that the MPM applied in [3,10],
resulted in lesser values of maximum profit than the PPSO and
PSOS-CGSA which are applied in this work. However, the
error of equilibrium condition (3) is zero in the case of PPSO
and PSOS-CGSA application while that error is 8·10-4 MW in
the case of MPM application. This means that the application
of the PPSO provides more accurate results and the higher
maximum profit for the lesser number of iterations than the
application of the MPM.
Table 2: Numerical example [3, 10], for simulation
Power generating cost functions, Fg(Pg)
F1 ( P1, P2 ) 2 5 P12  P1P2  2 P1; F2 ( P1, P2 ) 2 5 P22  P1P2  2 P2
F3 ( P1, P3 ) 0 5 P32  0 5 P1P3  2 P3

Transaction cost functions faced by the power generators and
associated with transacting with the power suppliers, Cgs(Pgs)
2
2
C11 ( P11 ) 0 5 P11
 3 5 P11; C12 ( P12 ) 0 5 P12
 3 5 P12

2
2
C21 ( P21 ) 0 5 P21
 3 5 P21; C22 ( P22 ) 0 5 P22
 3 5 P22
2
2
C31 ( P31 ) 0 5 P31
 2 P31; C32 ( P32 ) 0 5 P32
 2 P32

Operating cost functions of the suppliers, Cs(Pgs)
3

C1 ( Pg1 ) 0 5(

¦

Pg1 ) 2 ; C2 ( P2 ) 0 5(

g 1

3

¦P

g2)

2

g 1

Unit transaction costs between the power suppliers and the
consumers, csdq
c111=q111+5, c121=q121+5; c131=q131+5, c211=q211+5
c221=q221+5, c231=q231+5
Power of demand, Pd' , as a function of the price pd at demand
market:
P1 ( p1, p2 ) 2 p1  1.5 p2  1100; P2 ( p2 , p2 ) 2 p2  1.5 p1  1100
P3 ( p1, p3 ) 2 p3  1.5 p1  1200

Table 3: Comparison of simulation results
Control variable
P11 (MW)
P12 (MW)
P21 (MW)
P22 (MW)
P31 (MW)
P32 (MW)
P111(MW)
P121(MW)
P211(MW)
P221(MW)
P131(MW)
P231(MW)
p1 ($/h)
p2 ($/h)
p3 ($/h)
Maximal
profit, ($/h)
Error of equilibrium
condition (3), (MW)

PPSO
12.50182
12.50182
12.50182
12.50182
59.99781
59.99781
20.00073
20.00073
20.00073
20.00073
45.00000
45.00000
302.85673
302.85673
327.85746
15767.81557
0
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PSOS-CGSA MPM [3]
12.54946
12.54946
12.54946
12.54946
59.91425
59.91425
20.00567
20.00567
20.00567
20.00567
45.00185
45.00185
302.85391
302.85391
327.85772
15760.59073
0

14.2762
14.2762
14.2762
14.2762
57.6051
57.6051
20.3861
20.3861
20.3861
20.3861
45.3861
45.3861
302.6367
302.6367
327.6367
15218.6668
8·10-4

Table 4: Statistical evaluation of the simulation results

PPSO

15747.5355 15767.8156 15765.6592

Standard
deviation
1.7982·10-8

PSOSCGSA

15626.9534 15760.5907 15738.3654

1.0426·10-7

min

max

mean

VI. CONCLUSIONS
This paper proposes the application of the recently
developed meta-heuristic optimization algorithm named PPSO
for the computation of power flow and prices in the electricity
market presented by the SC equilibrium model. Functions that
describe the costs of participants in the SC (generators,
suppliers, and transmitters) are nonlinear and non-separable,
which makes it difficult to apply mathematical optimization
methods. Participants in one layer of SC are competitive with
each other while they are cooperative with participants in
other layers. In this paper, we tested PPSO on a numerical
example of electricity equilibrium SC and compared the
results with the results of the numerical method, MPM, used
in the published literature, and with the results of PSOSCGSA, a meta-heuristic algorithm that was also recently
developed. We found that PPSO gives the best results in
terms of: the size of the maximum profit in the SC, the
computation time (convergence speed), and the accuracy of
the results of the computation of power flow and prices in the
SC. The PSOS-CGSA gives better results too, compared to the
MPM method. The results of this paper can be used for
modeling the SC and to handle the behavior of the decisionmakers in the electricity market.
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Abstract - As the average age of the world population
increases, the number of people in need of rehabilitation
treatment is also increasing. People with neurological diseases
such as stroke, Parkinson's and Cerebral have difficulty
performing daily activities such as walking, running and
grasping. These neurological diseases are tried to be treated with
various rehabilitation techniques. Some of these are traditional
treatment methods. In the researches; it has been observed that
these methods generally fail to restore the motor functions of the
patient. With Virtual reality applications, that have been used in
recent years, it has led to the development of alternative
treatment methods in the field of rehabilitation. With an exercise
program that will provide continuity in physical therapy and
rehabilitation, it can be predicted that the motor and functional
development of the patients can accelerate the treatment process.
In this way, moving the rehabilitation to non-hospital
environments such as home environment will give the
opportunity to reach more patients at a lower cost. In this study,
the effect of virtual reality applications on neurological
rehabilitation exercise systems were examined. These are: Smart
gloves application for hand rehabilitation systems, Measurement
and Exercise Systems using Kinect Sensors for Neurological
Rehabilitation such as various studies about neurological
rehabilitation exercise system with virtual reality method were
examined and collected in a single article. In the content of this
study, basic information and important features of these
neurological rehabilitation exercise system are mentioned. In the
last part of the study, the results of some studies on these
neurological rehabilitation exercise systems were given. As a
result of the studies, the virtual rehabilitation system can be
applied more easily than other applications and at the same time,
it allows patients to work at home more comfortably from other
neurological rehabilitation exercise system as a performance. In
addition, the stands out with its trained models. This article is
hoped to help designers who will design neurological
rehabilitation exercise system applications.
Keywords - Virtual Reality, Neurological Rehabilitation,
Exercise System, Physical Therapy.

W

treatment methods are traditional treatment methods. These
methods are generally insufficient to restore the patient's
motor functions. Being developed as an alternative; Virtual
reality methods such as smart glove applications for hand
rehabilitation systems, Measurement and Exercise Systems
using Kinect Sensors for Neurological Rehabilitation, various
studies related to neurological rehabilitation exercise system
have led to the use of new methods in the field of
rehabilitation.
These exercise programs, which provide continuity and
continuity in physical therapy and rehabilitation, will
contribute positively to the treatment process of motor and
functional development in patients. Moving rehabilitation to
non-hospital environments such as home environment will
also provide the opportunity to reach more patients at a lower
cost.
In this study, neurological rehabilitation exercise system with
virtual reality method was investigated.
II. METHODS USED IN NEUROLOGICAL REHABILITATION
A. Smart glove applications for hand rehabilitation systems
In rehabilitation treatment, the treatment and rehabilitation of
the hands and arms, which are the basic elements of our daily
life activities. There are systems using many different
technologies and methods developed for hand and arm
rehabilitation. In recent years, many wearable rehabilitation
systems have been developed. Interest is increasing due to its
ease of use and portability. When these applications are
combined with virtual reality applications, stimulating the
patient's nerves as much as possible during the treatment plays
an important role in the healing process.

I. INTRODUCTION

ith the increase in the average age of the world
population, the number of patients in need of
rehabilitation treatment also increases. People with
neurological diseases such as stroke, Parkinson's and Cerebral
have difficulty performing daily activities such as walking,
running and grasping. These neurological diseases are tried to
be treated with various rehabilitation techniques that are
constantly being developed. Some of the commonly used

E-ISBN: 978-625-44427-4-2

Figure 1: Block diagram of smart glove-based rehabilitation
system [2]
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With the help of flex sensors placed on the glove, the bending
degrees of the fingers are passed through a pre-processing
circuit and applied to the analog input of the microcontroller.
After the voltage information is converted into angle
information with the software encoded in the microcontroller,
it is transferred to the computer wirelessly with the help of the
bluetooth module. As shown in Figure 2, the hand simulation
designed in Unity3D environment simultaneously shows the
movements of the person using the glove on the application.

Figure 3: Kinect Sensor [7]

b)

Figure 2: Designed for Hand Rehabilitation system an image
from the simulation [2]

Kinect's Skeleton Detection And Tracking System

With a depth sensor consisting of a black and white CMOS
sensor combined with a projector, it emits infrared light to the
person opposite it from a distance of 1.5-2.5 meters, and a
three-dimensional image consisting of points (Figure-4) is
obtained. It is a device that Microsoft launched in 2010, which
allows the movements of 30 different joints as hand, arm and
leg to be converted into digital data. It also has the ability to
perceive sound detection, heart rate, facial expression, facial
expressions, and the weight on each limb.

B. Measurement and Exercise Systems using Kinect Sensors
for Neurological Rehabilitation Systems
When the relevant literature studies were examined, it was
found that in individuals treated using the Kinect device,
improvement was observed in various diseases such as upper
extremity use, balance and mobility in a short time.
In a group study conducted in the United Kingdom, it was
stated by rehabilitation specialists that the most common
assistive technology for stroke patients is computer games.
According to a survey of therapists and physical therapists at a
rehabilitation center in Canada, the Nintendo Wii was helpful
in treating 76% of inpatients. In addition, 73% of outpatients
were reported to adhere to the treatment programs applied
with Nintendo Wii.

Figure-4: (a) Points captured by the Kinect sensor, (b) Avatar
created with the help of dots.[5]

a) Kinect Hardware Technology

Kinect sensor, which is designed to detect body movements
and be used instead of a control device in gaming applications,
was developed by Microsoft in 2010. Although Kinect Sensor
(Figure-3) came to the market as a part of game consoles, it
has become used in different fields such as biomedical,
robotics, military, education and security systems. Kinect
sensor consists of 4 basic parts: three-dimensional (3D) depth
sensor, RGB camera, microphone group and motor.

E-ISBN: 978-625-44427-4-2

c) Kinect Software Technology

Kinect software can work in conjunction with most software.
There are many software libraries that allow the processing of
data provided by the hardware. The picture, depth and sound
data collected by the sensors are sent to the application after
being processed in the "Natural User Interface Library" and
this data flow is repeated with the reverse flow.
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Figure 5: Kinect application's software and hardware
interaction [7]
Unity is a cross-platform game engine developed by Unity
Technologies, primarily used to develop video games and
simulations for computers, consoles and mobile devices. First
announced exclusively for OS X at Apple's Worldwide
Developers Conference in 2005, it has since expanded to
target 27 platforms.
Six major versions of Unity have been released. At the 2006
WWDC show, Apple ranked Unity first in the Best Mac OS X
Graphics Use category.
Examples of games written with Unity engine are Battlestar
Galactica Online, Firewatch, Unturned, Layers of Fear,
Armello, The Long Dark, and Traffic Racer. Also, Pillars of
Eternity and Tyranny, which use the modified version of
Unity, are role-playing games made using this engine.[7]
III.

RESULTS

A total of 42 patients, including 21 virtual reality groups and
21 control groups, was examined. A total of 35 patients, 19
patients in the virtual reality group and 16 patients in the
control group, completed the study and the statistical analysis
was made on these data.
Fugl Meyer (FM) scale mean value before treatment; It was
24.32 ± 7.87 (10-36) in the virtual reality group and 19.88 ±
3.79 (12-25) in the control group. The median values were 24
and 20.5 before treatment, respectively. Average FM scale in
post-treatment evaluation; 43.05 ± 12.59 (20-60) in the virtual
reality group, 34.44 ± 10.53 (18-59) in the control group;
median values were determined as 45 and 31.5. In the
intergroup evaluation, there was a difference between the pretreatment FM values of the two groups and it was found to be
high in the virtual reality group, there was a difference
between the post-treatment FM values of the two groups, and
it was also high in the virtual reality group (p = 0.04 *, p =
0.04 *). When the mean FM scores of both groups before and
after treatment were evaluated, a statistically significant
improvement was found in both groups (p <0.001*, p
<0.001*). FM upper extremity score changes of the groups
before and after treatment and when the FM gains between the
two groups were compared, no statistically significant
difference was found (p = 0.057), FM gains are given in Table
1. [6]

E-ISBN: 978-625-44427-4-2

Table 1: Demographic characteristics of patients in the virtual
reality and control groups and Fugl-Meyer upper limb score
gains between groups [6]
In another study; Of the 23 patients included in the study, 11
patients took part in the virtual reality-based exercise (VR)
group and 12 patients in the task-oriented exercise (TO) group
and completed the study by participating in all sessions.
When the groups were compared in terms of gender, stroke
type and involved hemisphere distribution with the "Fisher"
exact chi-square test, it was observed that the groups were
similar according to these parameters (Table 2).
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can accelerate the treatment of patients by creating a realistic
environment with hardware and software.
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When the experiments examined above were compared, it was
observed that virtual reality applications had a positive effect
on the treatment process compared to traditional treatment in
both studies.
IV. CONCLUSIONS
With the motion sensing system and play, it can be predicted
that by helping rehabilitation in various areas from severe
chronic pain to stroke, it can activate the plasticity ability of
the brain and regain or maintain lost brain functions. In this
way, a system can be developed in which patients in need of
neurological rehabilitation can exercise in their own living
spaces and the treatment can be followed.
Finger bending angles in smart glove applications for hand
rehabilitation systems can be measured with the help of
flexible sensors. Simultaneous movement of the hand in a
simulation program can be achieved wirelessly with these
measured values. It was concluded that the smart glove
application can be used easily for hand rehabilitation systems
and that it will provide visual feedback to the patient who will
be treated, and it can make rehabilitation movements more fun
without getting bored.
Although there is no obstacle for stroke patients to perform
these movements mechanically, the signals sent from the brain
cannot be transmitted to the organs sufficiently, making
movements such as walking, speaking and grasping become
difficult or even impossible. The success of the treatment
depends on the patient's ability to continue the movements he
made during the treatment given to him in the clinic, in his
own living space. It is predicted that the virtual reality system
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Modelling of Financial Supports for SMEs and
Evaluation of Alternative Policies with System
Dynamics Approach
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Abstract - In this study, the financial support payments for
SMEs and developing alternative policies with the approach of
"system dynamics" is discussed. The system dynamics approach
is based on the examining complex systems as a whole and
focusing on the dynamics of the system itself. For this aim, it is
proposed that performing the impact analysis studies on how
successful the public source used for supported firms to reach the
determined targets and strategies not only through the outputs
but also handling entirely the industrial systems and taking into
account the complexity and feedback of the system through the
system dynamics approach. In this context, the general structure
of firms is modelled in terms of their internal dynamics, the
interactions of these internal dynamics are revealed, and the
effect of financial support on this system is observed
Keywords - System Dynamics,
supports, Impact analysis

Modelling,

Government

I. INTRODUCTION
Increasing the competitiveness of the global economy
requires the efficient and effective use of resources as well as
the highest value added created. Strategies for policy
determination at regional level in the USA in the 1900s have
revealed the concept of Development Agencies. Europe, on
the other hand, has shaped this structuring peculiar to its own
geography as a result of the emergence of economic and social
differences between the regions since the second half of the
20th century. In Turkey, Development Agencies, as regional
policy makers, have made a large transfer of public resources
to SMEs since the year they started their activities by
providing refundable and non-payment financing for the
determined Projects and Activities. The implementation of the
Development Agency model is about to complete its 10th
year, and in this model, what kind of effect the non-refundable
financing provided to SMEs has on businesses comes to the
fore as an important research topic. In this regard, studies are
carried out to measure the level of contribution and effects of
financial support to companies, and the basic method in these
studies is to compare the situation before and after the support.
II. SYSTEM DYNAMICS APROACH
The System Dynamics approach, which handles the
complexity of the real life by including the interaction of the
assets in the system with each other in the model, aims to give
the most realistic result by considering the effect of the
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financial support provided by Development Agencies in the
companies in general with a system approach. Especially in
cases where the number of connections between entities is too
high and cause-effect relations are continuity between system
elements, in models where the relations between the parts of
the system play a more dominant role than the individual
effects of these parts, the elements that make up the system
alone understand the behavior of the system as a whole.
remains insufficient. The system dynamics method, on the
other hand, allows complex systems to be taken from a holistic
perspective, taking advantage of stocks, flows, feedback loops
and time delays, and also allows observing the results of
changes in the model, that is, evaluating the results of policy
changes.
Jay Forrester first proposed the system dynamics approach
in an article published in 1958 and the basic system logic was
expressed. The aim of this article is to express and understand
industrial processes with a sector approach. With the approach
that aims to express the interactions and changes in the system
in the best way by constructing the system with numerical
data, cause and effect relationships are analyzed and the
characteristic structure of the organization is revealed.
III. DEVELOPMENT AGENCIES AND GOVERNMENT
SUPPORTS
The Development Agencies, for which the System
Dynamics approach is the subject of this thesis; In order to
ensure effective and efficient use of resources, to activate local
potential, to accelerate regional development, to ensure
sustainable development, to reduce inter-regional and intraregional development differences, at least two and at most six
provinces (Ankara, Istanbul and Izmir are exceptionally single
provinces). It is the decision maker in a large economic and
social system consisting of. Considering the complexity of the
economic sectors as well as the social sectors within this
system, System Dynamics can be put forward as a very
powerful tool in order to determine the factors affecting the
structure of the system as decision makers and to evaluate
their interaction with each other. Within the scope of this
study, the impact of Financial Supports, which is an important
policy tool for economic sectors by Development Agencies,
on companies will be discussed and evaluated with a system
approach. Thus, decision makers will be able to handle all the
complexity that the said Financial Supports will create on
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companies and develop support mechanisms that will achieve
the best results while allocating resources.
In Turkey, the private sector and in particular for SMEs,
infrastructure, production, employment, R & D, financing,
promotion and marketing, export and are given support in
areas such as education. These supports are called intervention
in general and the situation before and after the intervention is
observed and the net effect is revealed. In determining the net
effect, an evaluation will be made by considering the effects of
displacement and tare loss.
Public financial supports will be handled with a system
dynamics approach within the scope of this study and the
effects of alternative policies on the real system will be
evaluated. Therefore, these programs, which are implemented
locally, are considered very important tools for accelerating
regional development and thus contributing to national
development.
1. Machine-Equipment Support
2. R&D Support
3. Human Resources Support
4. Quality Certificate Support
5. Promotion and Marketing Support
6. Institutional System / Software Support

The auxiliary variables that appear in the model; The
negative inventory control rate is the order rate intended to be
shipped, the time taken to complete the orders, the amount of
inventory intended to hold, the incomplete normal order
quantity, the order quantity carried in the current flow, and the
order quantity that must be supplied for operations. Rates; it is
the week for the time taken to complete the orders, and for the
others it is unit / week or unit.
Information flows are also of great importance for this
institution in the retail sector. There are information flows
between levels and covariates, from covariates to decision
variables and therefore bilaterally between levels and decision
variables.
Flow Variables in the Model:
Flow Variables; Stock variables are variables that show the
changes that occur per unit time. Increases and decreases are
transferred to the stock variables with the coefficient of
variation. Since there is a proportional change in flow
variables per unit time, flow variables in the model are shown
with the expression "YD", which indicates the percentage
change.
ProductionYD = Production TDO * Production Capacity
(Change in Production Capacity in Unit Time)

IV. MATHEMATICAL MODELS

Other Variables in the Model:
• Auxiliary: It is a dynamic variable calculated from other
variables at a given moment. Utilities are often the most used
type of variable. Expressions containing other variables can be
included in the equation of an auxiliary variable.
• Constant: Its value does not change over time. Constants
can be defined using the "GET XLS CONSTANTS" or
"TABBED ARRAY" functions while taking the values on the
right side of their equations.
• Data: It has variable values over time and is not dependent
on model variables. If a variable is used in the model but is not
defined, this variable will be treated as data variable.
• Group: Groups are not a real variable, they allow different
variables to be used together.
• Beginner: A possible variable that other variables, such as
the constant variable, can take on their first use.
• Lookup: It is the representation of nonlinear functions
with numerical values. (Parameters x- and y-axis values)
• Character (String) Variable: Used as character string.
MESSAGE function and Venapps are useful as tags.
• Units. Units are defined as additional information about
the model variable and can be used to control the model by
ensuring dimensional consistency.
QualityBS = (ProjeTB * KBDO) / QualityB Cost (auxiliary
variable showing the Amount of Expenditure from the Project
Budget for Quality Certificates)
QualityB Cost = 10000 (Constant variable showing the
Average Expenditure for Each Quality Certificate)
ArgeDDO = (R&D Expenditures + ProjeTB * AHDO) /
GrantButceTL (The variable that shows the increase of R&D
expenditures to Project Support)
ExportDDO = 0.05 (Firm's Annual Export Rate Under
Normal Situation)

Stock variables are the order quantity waiting to be
completed in the system, the products in stock are the current
inventory quantity and the estimated demand quantity. In
addition, variables such as the number of employees that do
not appear directly in the model, accumulated money, main
equipment, equipment inventory, sent products are also
inventory variables. In the establishment system model, the
levels that appear as the purchase orders being sent, the order
amount in the correspondence process and the amount of the
product in the transportation process to the company can also
be taken as stock variables. The unit of measure for stock
variables is the unit, except that the estimated demand is unit /
week.
Flows of the created model; The order flow from the
customer consists of the purchase orders sent, the flow of
orders sent to the distribution sector, and the flow of products
entering the inventory. The measure of flow variables is in
units. Money flows that are not included in the model are also
flow variables. The model generally includes information and
product flows.
Covariates are expressed as subdivisions of decision
variables. This is because they have independent meanings
different from decision variables. The auxiliary variables are
located in the information flow channels between levels and
decision variables and are used to control the ratios in the
system.
While each information line entering the auxiliary variables
enables the determination of the variable to which the
auxiliary variable is dependent; Each line that comes out refers
to the transfer of information. Numerical values are not
required for the auxiliary variable.
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ExportNDO = f (ProjeTB) (a function of the project budget
depending on financial support)
Export TDO = ExportDDO + ExportNDO (Annual total
change in exports)

[6]

Y Barlas Multiple tests for validation of system dynamics type of
simulation models*, 1 European Journal of Operational Research,
42(1):59–87, 1989

1XPEHURI6WDII W  ,QLWLDO9DOXH^W `B = 0) ^ (
í
Õ
= ) ࠟ(
) ,ࠠ
If expressed numerically;
Number of Personnel (t) = Personnel (t-dt) + (incrementdecrement) * for dt, t = dt, 2dt ,,. Ndt
If this expression is generalized to any stock variable;
Stock (t) = Stock (t - dt) + (increment-decrement) * dt, t =
dt, 2dt ,,. For ndt;

Figure:1 Model of R&D Expenditure In Systems

V. CONCLUSION
As a result of system dynamics approach for financial supports
gives us dynamically observing the impact and additive effect
created by public resources in real systems, evaluating the
results of alternative policies in resource use, with the System
Dynamics approach, obtaining effects and results at the system
level, not only with the input-output dimension, evaluating the
«multiplier effect» and «feedback» especially in social
projects
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Abstract - Nowadays, with the innovations and developments in
technology, there is a great increase in the amount of data users
use on the internet. For this reason, the need of various software
and hardware tools to store, view, process and analyze this data
on the internet is increasing day by day. Millions of data are
produced around the world every day. To deal with this
situation, Cloud Computing services are provided by leading
companies around the world. In this study, time series analysis
was performed using Google Cloud-based Google Colaboratory
(Colab) service. In the Colab notebook, the Phyton programming
language and the SARIMAX model, one of the machine learning
methods was used. The well-known international airline
passenger number data set was utilized as the time series. The
time series was examined and the difference from the first order
was taken and then transformed into a logarithm making it
stationary (p-value <0.05). The time series (12 years) is divided
into two for training (9 years) and testing (3 years). Then, the
degrees of the terms belonging to the components of the
SARIMAX model were determined and statistically evaluated
and the most suitable SARIMAX(0,1,1)(0,1,1)12 model was
selected. The SARIMAX(0,1,1)(0,1,1)12 model was trained with
the training data set and then tested with the test data set.
Performance criteria of the prediction results of the
SARIMAX(0,1,1)(0,1,1)12 model are obtained as MAE 18.763,
RMSE 22.876, MAPE 4.430% and R-squared 99.131%. The
SARIMAX(0,1,1)(0,1,1)12 model developed according to these
results has made highly accurate prediction. In this study, Phyton
codes and results of time series analysis were recorded in Google
Drive using a Colab notebook. While all these operations were
done all we needed was a web browser and a computer running
this browser. The hardware and software requirements of all
analysis processes in the study were performed using Google
Cloud Computing Services.
Keywords - Cloud Computing, Data Science,
Colaboratory, Machine Learning, SARIMAX.

T

Google

I. INTRODUCTION

HESE days, with the increasing use of Internet-based
technologies, the tendency to move the hardware and
software needs to central servers and to run them over the web
has increased. Users can obtain the services they need only
through a web browser using the cloud computing platform
they subscribe to. Thus, users save time and money for
operations such as hardware and software investment,
maintenance, configuration and updating.
The need for high-capacity hardware for analysis in areas
such as Big Data, Machine Learning, Data Science and
Computer Science, of which daily use is raising is increasing
day by day. Cloud Computing makes the high-cost hardware
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requirements of the users more economical. The same
situation also reduces software licensing costs as much as
possible and enables the use of pirated software to be
prevented. Cloud Computing provides great convenience for
users to access the storage, code development, resource
sharing, security, big data analysis and machine learning
services they need at lower or no cost. Also, since Cloud
Computing users store their data on the data centers of service
providers, they can access this data whenever they need it
from anywhere.
Another advantage of Cloud Computing technology is the
convenience it provides to scientific researches. In this study,
it enabled the web-based preparation and implementation of
the machine learning algorithm developed for time series
analysis. When this study is distributed on the web,
researchers will be able to access the written code, analyze
them according to the subject they will research, and record
the developed machine learning method and analysis results.
Then, researchers will be able to share the information and
code obtained as a result of their operations with other
authorized researchers. In the literature, there are some studies
in various fields using Google Colaboratory.
Solano-Rojas et al. [1] run the densenet-121 architecture on
the Google Colaboratory platform to detect Alzheimer's
disease using Magnetic Resonance Images in their study. In
the study, the limitations and consequences of using Google
Colaboratory were mentioned. Hassan et al. [2] implemented
the Convolutional Neural Network (CNN) method using the
Google Colaboratory platform in order to process images and
accurately predict the people in the images. Tan et al. [3]
proposed a process line designed to analyze RNA-seq data on
Google Colaboratory, which they called the Large-Scale
Transcriptomic Analysis Pipeline in Cloud (LSTrAP-Cloud).
Mark et al. In their study, [4] shared their experiences using
Google Colaboratory, a hosted version of Jupyter Notebooks,
in Artificial Intelligence (AI) courses at two universities.
Cruz-Mendoza et al. in their study, [5] used a Long ShortTerm Memory (LSTM) method using Google Colaboratory to
estimate the number of people who will be infected in the
following days with a dataset on the number of people
infected with COVID-19 in Peru.
In this study, the time series analysis was performed using
Google Cloud Computing based Google Colaboratory (Colab).
The data set for the number of international airline passengers
was used as a time series. In the analysis, the most suitable
SARIMAX(0,1,1)(0,1,1)12 model from machine learning
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methods was selected. When the performance result of this
model is examined it is understood from the performance
criteria that it has a high degree of accuracy. While performing
these operations, the required hardware and software
requirements were supplied from Google Cloud Computing
services using Colab.

They only have management rights over the various settings in
the services they use [7].

II. MATERIAL AND METHODS
A. Cloud Computing
As a result of the rapid increase in internet usage, cloud
computing systems used in many areas are defined as an
online storage system that provides functional convenience
with web-based applications that do not require any
installation. Some of the advantages of cloud computing
technologies are as follows [6,7];
Flexibility and Efficiency: Cloud technologies allow access
to the required hardware and software resources at the
required level of need. Due to its flexible behaviour it saves
individuals and companies from additional costs as it provides
the opportunity to increase or decrease the capacity in case of
need.
Availability: As long as there is internet network access,
cloud computing systems make it possible to work without
time and place dependency.
Security: In cloud computing systems, if individuals or
organizations choose to store their information in cloud
systems instead of their computers, it is possible that they can
always access this information and continue their work more
reliably.
Software Updates: Organizations need time and workforce
to make various software updates. Since these workloads and
costs are provided by cloud service providers in cloud
computing systems, it provides companies with a serious cost
advantage.
Eco-friendly (Less Carbon Footprint): It also makes a great
contribution to preventing air pollution as energy consumption
decreases due to the common use of resources on cloud
computing systems by different companies.
Low Cost: Due to the common use of hardware and
software resources in Cloud Computing platforms system
costs are very low. The use of cloud infrastructure is very
important as it can increase the profit margins of large
subsidiaries and provide low-cost access to the resources
needed for small companies and new entrepreneurs. As well
as, there is no extra cost since the payment made is
proportional to the resources used.
B. Cloud Computing Service Models
The service models used in cloud computing-based systems
built by the National Institute of Standards and Technology
(NIST) [7] are collected under three titles as in Fig. 1.
Software as a Service (SaaS) is a model that enables users
to access internet service providers and cloud computing
systems without any additional installation on their systems. In
this model, the user's powers are limited and they cannot make
changes on layers such as operating system, server, network.
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Figure 1: Cloud computing service models.

Platform as a Service (PaaS) is a service model that allows
cloud computing system service providers to develop and run
applications. This Platform provides the necessary support for
the usage of the infrastructure and software services needed in
the user's application. Here, the user has restricted their
authority except for the components used only in own
application [7].
Infrastructure as a Service (IaaS) is the model that the user
can most frequently interfere with cloud computing services.
In this model, the user has permission to make changes to
hardware and software resources. In this model, the user can
manage many structural changes such as installing the
operating system according to the requirement, changing the
registration areas, activating various local and web services
and so on. As well as, the user can configure their security
policies in this model if they wish [7].
C. Cloud Computing Deployment Models
According to the definition of cloud computing made by
NIST, there are 4 different deployment models for service
recipients [6].
Private cloud is cloud services provided for companies,
holdings and similar users with services. Services and
applications can be made by the company itself or by a
different service provider. Private cloud computing offers
companies control in the management of system resources.
Community cloud is the systems that have similar values
such as security, policy and privacy of the cloud infrastructure
and are shared with institutions or organizations acting
together.
Public cloud is a cloud computing service provided over a
public network. Public cloud service is available from a cloud
service provider. The company performing the service
provides software resources and makes it accessible to
everyone on the internet. The system can be in its own data
centers or different centers.
Hybrid cloud is a cloud environment with two or more
different cloud distribution models. For example, a cloud
consumer may prefer to use the public cloud for less sensitive
cloud services while processing their sensitive data in cloud
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services located within the private cloud.
D. Google Colaboratory (Colab)
Since the operations performed with Big Data in Machine
Learning algorithms are too intensive, if your computer's
processor speed, ram capacity and graphics card features are
low, the analysis period can take days or even weeks. It is
necessary to benefit from paid cloud services to make these
analyzes in a shorter time. Google has provided a cloud
computing service called Colab [8], which offers Graphics
Processing Unit (GPU) and Tensor Processing Unit (TPU)
support to its users free of charge. Colab allows users to
improve their ability to write code. It also contributes to data
analysis using Colab utilizing libraries such as TensorFlow,
Phyton, PyTorch, Keras and OpenCV. In order to use the
Google Colaboratory [8], you must create a new user account
with Google or log in with an existing Google user account.
Firstly, a project folder is created in Google Drive for a new
Colab notebook using a web browser. Afterwards, a new
notebook is opened as in Fig. 2 by left-clicking the mouse in
an empty area in this folder and selecting Google
Colaboratory.

In the opened new notebook file user can change the name of
the file. Also, under the Runtime menu, there are two options
under Change runtime type. First, the user can choose the
Phyton version (Phyton3) as the Runtime type. Secondly, the
GPU and TPU can be selected as the Hardware accelerator.
After this stage, the user can easily make their analysis using
the GPU or TPU resource provided by Google. As a
fundamental application given in Fig. 2, a sample Phyton
code was written using the code cell in Colab notebook,
NumPy to create data and Matplotlib to visualize data and a
sine wave visual was created as output. You can transfer your
data from Google Drive, GitHub and many other cloud-based
sources to the Colab notebook. To analyze data, a machine
learning model can be trained and you can evaluate and
evaluate the model. A few lines of code that you type in the
code cell in the Colab notebook are executed on Google's
cloud servers and you get your data analysis results.
Regardless of the power of your machine, users benefit from
the power of Google hardware. In this case, all you need is a
web browser to access the Google Cloud service.

Figure 2: Colab notebook web browser view and a sample application.

E. Seasonal Autoregressive Integrated Moving Average
with eXogenous (SARIMAX)
Seasonal Autoregressive Integrated Moving Average with
eXogenous Regressors (SARIMAX) is a linear regression
model used by including exogenous variables into the
SARIMA (Seasonal Autoregressive Integrated Moving
Average) model. The SARIMAX model is a model to be used
in situations where the time series may show a seasonal trend
or pattern.
External variables can also be added to the model via an
external regressor term. The SARIMAX model with external
regressors allows users to add the effects of external variables
to the model. Exogenous variables are defined as variables
that affect a model but are not affected by it [9].
The SARIMAX(p,d,q)(P,D,Q)s model consists of a
combination of various terms. These terms those written with
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lowercase letters (p,d,q) represent non-seasonal degrees, those
written with capital letters (P,D,Q) represent seasonal degrees
and s represents the period in a season [10];
The explanation of these terms is given below;
 p is the order of the autoregressive (AR) term.
 d is the order of differencing operations
 q is the order of the moving average (MA) term.
 P is the order of the seasonal autoregressive (AR) term.
 D is the order of the seasonal differencing operations.
 Q is the order of the seasonal moving average (MA)
term.
 S is the number of periods in a season.
F. Evaluation Metrics
In the equations given under this title, represents the real
value, the predicted value, the relevant sample in the time t
and n represents the total number of observations.
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Mean Absolute Error (MAE) is adversely
groups located at the endpoint. Therefore,
absolute values of the errors is averaged
obtained. MAE is calculated with the help
[10].

=

|

|

affected by data
the sum of the
and a value is
of Equation (1)

=

|

|

× 100

(

)

(3)

(1)

Mean Absolute Percentage Error (MAPE) is found with the
help of Equation (2). This approach is useful in assessing the
accuracy of the forecast. MAPE shows how large the
predictive errors are when compared with actual values. [10].

=

In other words, it tells the user how dense that data is
around the line that best fits the data. It is calculated with the
help of Equation (3) [10].

(2)

Root Mean Square Error (RMSE) is a quadratic metric that
is often used to find the distance between the predicted values
and actual values of a machine learning model. RMSE is the
standard deviation of the estimation errors (residues).

R-squared is the criterion that represents predictive
performance for linear regression models. R-squared explains
the percentage volume of cases where the independent
variable affects the dependent variable. It shows the strength
of the relationship between the independent variable and the
dependent variable in the range of 0-100%. As the R-squared
value approaches 100% the user can say that the relationship
is very strong. In this case, the accuracy rate of the predictions
to be made through the model will also perform well.
III. EXPERIMENTAL STUDY

Figure 3: Google cloud computing-based time series analysis using Google Colaboratory.

In this study, a method is proposed to perform time series
analysis using the airline passenger count data set as in the
block diagram in Fig. 3. The user accesses to the Google
account by sign-in Google via the web browser. In this way,
he can benefit from all the services provided by the Google
Cloud Platform. The user accesses the Google Colab web page
via the internet address [8]. A Colab notebook for the user is
opened here. It changes the name of the opened notebook and
saves it in the Google Drive folder. The user can also upload
the airline passenger count data set in the project folder in
Google Drive to the storage area of the session using the Files
section in the Colab notebook. Thus, the data set becomes
accessible by the Colab notebook. The developed Phyton code
is written into the code cell in the Colab notebook and then the
Run Cell command is given. After that, Google Colabratory
transmits the written Phyton code to the Google Cloud
Machine Learning Service. Phyton code is compiled and built
here. If an error occurs as a result of this process, this error is
displayed to the user via the Colab notebook. If there is no
error, the result is displayed in the output section of the Colab
notebook and the analysis process is also saved in the project
folder in Google Drive.
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If the analysis result is positive, the machine learning model
developed for time series analysis can be deployed over cloudbased storage systems such as Google Drive or GitHub.
IV. EXPERIMENTAL RESULTS

Figure 4: Airline passengers from 1949 to 1961.
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In this study, the data set used as a time series includes the
monthly count of international airline passengers from 1949 to
the end of 1960. This data set has been added to the Colab
notebook working environment in the project folder in Google
Drive. Distribution of the passenger's counts in the data set
over time is shown in Fig. 4.

Data Set contains 12 years of data. Data set is divided into
two as training (9 years) and testing (3 years). The training
result of the best fit SARIMAX(0,1,1)(0,1,1)12 model
determined for time series analysis is shown in Fig. 7. The
statistical results of the model are presented in Table 1.
Table 1: Prediction results of the SARIMAX(0,1,1)(0,1,1)12 model
MAE
RMSE
MAPE (%)
R-Squared (%)

Value
18.763
22.876
4.430
99.131

Figure 5: Augmented Dickey-Fuller test results; (A) before the
transformation, (B) after the transformation.

Time series variables should be tested for stationarity. In the
study, the Augmented Dickey-Fuller (ADF) test was applied
to the data set. The result of the test statistic is shown in Fig. 5.
It is understood that the data set is not stationary since the pvalue is higher than 0.05 (p-value=0.991) as seen in Fig. 5(A).
In order to stationarize the time series, first-order difference
and transform to logarithms were made. As a result of this
process, the Augmented Dickey-Fuller (ADF) test was applied
again. It is understood that the data set became stationary
because the p-value was less than <0.05 as seen in test statistic
shown in Fig. 5(B).
It is necessary to select the most suitable model by
determining the degrees of the terms of the components of
SARIMAX which is the machine learning method to be
developed for time series analysis. At this stage, the model
with the lowest Akaike Information Criteria (AIC) value was
selected among the developed models. Statistical results of the
selected SARIMAX(0,1,1)(0,1,1)12 model is shown in Fig. 6.

Figure 6: Finding SARIMAX model with minimum AIC value.
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Figure 7: Prediction result of the SARIMAX model obtained using
the training data set.

Figure 8: Forecast result of the SARIMAX(0,1,1)(0,1,1)12 model.
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For time series analysis, the data set was stationarized and
the SARIMAX(0,1,1)(0,1,1)12 model was created, trained, and
used to make a forecast. The SARIMAX(0,1,1)(0,1,1)12 model
forecasted passengers count for the next 4 years (48 months)
with a 95% confidence interval. The forecast result of the
model is shown in Fig. 8.
V. DISCUSSION
In this study, the count of airline passengers is forecasted
with Google Cloud Computing based Colab notebook.
Therefore, time series analysis was performed using the
SARIMAX method developed with the Phyton programming
language. The SARIMAX model with the lowest AIC value
was chosen. The degree of the components belonging to the
selected
SARIMAX
model
was
determined
as
SARIMAX(0,1,1)(0,1,1)12.
Selected SARIMAX(0,1,1)(0,1,1)12 model was trained
using time series data reserved for training. Next, the model is
tested with the time series data reserved for testing. As a result
of this process, the low MAPE value of 4.430% (MAPE
<10%) indicates that the success of the model in predictions
for the future is significantly high.
The correlation coefficient of the R-squared value is
99.131%. The R-square value indicates that the model is
determined as the best fit model. The MAE value is 18.763
which shows the proximity of the prediction value to the
observed value. The MAE shows that the average size of the
model's prediction error is low. The RMSE value of the model
is 22.876. Since the difference between the RMSE and the
MAE value is small (4.113), the size of the error involved in
the prediction made by the model is less.
By using the SARIMAX(0,1,1)(0,1,1)12 model proposed in
this study, the forecast was made for the count of airline
passengers for four years. As a result of the forecast made, it is
concluded that the count of airline passengers will continue to
increase each year. This result can be used to help
policymakers make policy adjustments and invest in order to
better serve passengers and the industry, to recognize potential
obstacles, and to take new opportunities and lead.
Colab notebook offers a cloud-based service that facilitates
user work such as learning software, working in data science,
researching artificial intelligence or machine learning. While
using this service, the user only needs a web browser and an
electronic device (such as a computer, tablet, smartphone)
running this browser. The developed methods or algorithms
run using the Google Cloud infrastructure. So, users save time
and money on software and hardware requirement and
management.

method. This data set has been analyzed in terms of
stationarity and the data set has been stationarized using
various tests and methods. Afterwards, the SARIMAX model
was selected and as a result of the SARIMAX(0,1,1)(0,1,1)12
model which has the lowest AIC value was determined. This
model has been trained and tested with the data set.
Performance results of the model are MAE 18.763, RMSE
22.876, MAPE 4.43% and R-Squared 99.131%. In the
evaluation, it was concluded that the prediction ability of the
developed model was highly accurate. Then, a four-year
forecast was made using this model. In this study, time series
analysis has been made using a cloud computing-based
machine learning model. The software and hardware required
for this process were accessed via a web browser and this
open-source ecosystem was used. In future, Colab notebook
will be used effectively in areas such as image processing,
signal processing and natural language processing with
machine learning algorithms.
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VI. CONCLUSION
In this study, Google Colaboratory or Colab notebook
which is based on Google Cloud Computing was used. The
SARIMAX machine learning method developed in the Phyton
programming language was utilized in the Colab notebook.
International airline passenger count data set was used for the
time series analysis with SARIMAX machine learning
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Abstract - Basic and technical analysis methods are used in the
determination of trading strategies in stock exchanges. While
determining the trading strategies with technical analysis, very
large data are encountered. This situation makes it difficult to
analyze the data and increases the likelihood of incorrect
strategies. Cryptocurrencies is one of the commodities used for
trading transactions, and people who are unable to analyze these
big data correctly may face huge losses from cryptocurrency
investments. Due to the recent emergence of cryptocurrencies,
there is no method and approach in the literature to analyze
changes in cryptocurrency prices. In this study, data of the 3
cryptocurrencies with the largest market value are used. These
cryptocurrencies are Bitcoin, Ethereum and XRP. For the analysis
of price changes of these cryptocurrencies, K Nearest Neighbors
(KNN), Support Vector Regression (SVR) and Random Forest
(RF) algorithms were used. As a result of the study, the estimated
data is compared with the actual data. It was seen that the Support
Vector Regression gave the most successful result in all data sets.
Keywords - Big data, Cryptocurrency, K Nearest Neighbors,
Random Forest, Support Vector Regression.

T

I. INTRODUCTION
ODAY’S

technological developments causes different
investment instruments. The blockchain technology that
emerged as a result of these developments forms the
infrastructure of cryptocurrencies. Crypto money is digital and
virtual money that is encrypted using the science of cryptology
and can be used in payment and money transfer transactions.
Bitcoin (BTC) is the most known of the crypto currencies, was
created in 2009. Bitcoin features a point-to-point distributed
network. All transactions taking place on this network are
recorded and these records collected are included in structures
called blocks. A specific expression must be found by applying
hashing algorithms that require very large operations on each of
these blocks. The first user to make this statement is rewarded
with a specific BTC. The prize amount is reduced by half for
every 210,000 blocks. This way of generating BTC by this
method is called mining. With this method, BTC can be
produced by using the processor power of computer hardware,
without being connected to a center, unlike normal currencies.
It has started to be preferred by people because it is not
connected to a certain center, its supply is fixed, and it is cheap,
fast and difficult to follow for money transfer between users.
As BTC became widespread among people, it was used as a
payment tool, and it was also seen as an investment tool with
the thought that its price would increase in the future.
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There are many crypto currencies besides BTC. One of these
crypto currencies is Ethereum (ETH). ETH is in the second
place in the crypto money market in terms of market value. ETH
is a platform that uses blockchain infrastructure like Bitcoin and
allows users to create decentralized applications. Another
crypto currency to be analyzed in this study is XRP. Unlike
Bitcoin and Ethereum, XRP is a centralized cryptocurrency and
its maximum supply in the market is 100 billion units. Like
XRP, Bitcoin and Ethereum, they are not mined.
As in all exchanges, basic and technical analysis methods are
used when determining the trading strategies in crypto money
exchanges. Fundamental analysis is a type of analysis that is
used to predict future price movements of a commodity, based
on information and news related to supply and demand
statistics, economic, political, environmental and other factors.
Technical analysis can be explained as trying to predict future
price changes by examining past price movements. While
conducting technical analysis, very large data are encountered.
In this case, the investor has to determine the trading strategies
without knowing which of these data are meaningful or which
are meaningless. As a result, the strategies to be implemented
are more likely to be erroneous and the investor may suffer from
this.
Alkhatib et.al. [1] estimated the stock prices traded on the
Lebanese stock exchange using KNN and non-linear regression
methods. øODUVODQ [2] made the price prediction of stocks in
%RUVDøVWDQEXO %ø67 XVLQJWKH.11DOJRULWKP)LOL] et.al. [3]
aimed to classify the factors affecting the direction of the BIST50 index on a daily time basis by using KNN, Naive Bayes,
C4.5 algorithm and Artificial Neural Networks. In Lahmiri and
Bekiros [4], prediction of high volatility price series such as
Bitcoin with machine learning methods was compared. The
data set was analyzed using SVR, Gaussian Poisson
Regression, Regression Trees, KNN, Bayes Regulatory Neural
Network, Feed Forward Neural Network and Radial Based
)XQFWLRQ 1HXUDO 1HWZRUNV <DOoÕQ   HVWLPDWHG WKH
instantaneous fuel consumption of aircraft during the flight
using SVR, decision trees, Artificial Neural Networks and
Gaussian Process methods. The obtained data was modeled as
a nonlinear function and this model was tested on a real data
set. In Fradinata et.al. [5], another study using the SVR method,
it was aimed to estimate the noodle demand. The SVR method
was also used in Meral >@ to estimate the monthly natural gas
consumption amount of power plants. In the study of Ince and
Trafalis [7], it was tried to predict the price movements of
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stocks with Multi-Layer Detector, SVR and Integrated
Autoregressive Moving Average methods.
Herrera et.al. [8] used a hybrid model using traditional
economic methods, Artificial Neural Networks and RF methods
in their study to make long-term price estimates using monthly
prices of energy products. In another study, Baba and Sevil [9]
predicted the returns of the public offering by RF algorithm.
Kumar et.al. [10] used SVM, RF, KNN, Naive Bayes, and
Softmax algorithms for price estimation of stocks. Mallqui and
Fernandes [11] made estimates of the daily highest price, daily
lowest price and daily closing price with Artificial Neural
Networks and SVM methods by using daily data of Bitcoin in
US Dollars (USD) basis. RF, SVR, and Logistic regression
algorithms were also used in Chen et.al. [12] in order to predict
Bitcoin prices.
When many studies in the literature are examined, it has seen
that K Nearest Neighbor (KNN), Support Vector Regression
(SVR) and Random Forest (RF) algorithms are used in price
estimation and other forecasting applications in finance,
industry and service sectors. In these studies, in the field of
finance, it has been observed that price estimations are
generally made using BIST and stocks in various foreign
exchanges. Although there are different studies in the studies
on crypto money in the literature, it has been seen that there are
generally only studies on BTC.
In this study, different from the literature, data sets of three
different cryptocurrencies named BTC, ETH and XRP were
created by taking into account the daily data of the crypto
currencies from certain stock exchanges to the present, and
these data sets were aimed to make price estimation using all
KNN, SVR and RF algorithms. It is very important for the
contribution of this study to the literature that the crypto money
price estimation using these three methods together and then
finding the most successful method for the real price value is
very important.
II. METHODS USED
In this study, it is aimed to estimate the price of Bitcoin (BTC),
Ethereum (ETH) and XRP, which are the three most known
cryptocurrencies with the largest market capitalization, on USD
basis.
A. Data Set
All three data sets to be used in this study were taken from
https://coinmarketcap.com/ on the basis of daily price changes.
Table 1 shows the dates on which each data set consists of
crypto data. The data sets consist of six continuous valued
features: daily opening price, daily closing price, daily highest
price value, daily lowest price value, daily transaction volume,
and daily total market value of crypto currency.
The continuous increase in the number of data in the data set
used in this study, the fact that the data obtained from the
Internet environment is not structured, the data size increases
depending on the data produced day by day, the obtained data
set is obtained from coinmarketcap.com, a reliable source about
cryptocurrencies, and considering the financial gain to be
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obtained as a result of the analysis of these data, this data set
covers five factors of big data.
Table 1: This caption is centered.
Data Set
BTC
ETH
XRP

Opening date
27.12.2013
07.08.2015
01.01.2014

Closing data
23.04.2020
23.04.2020
23.04.2020

Since there is no daily transaction volume data in the BTC and
XRP data set, the cleaning process was carried out while
preparing this data set.
After the BTC, ETH and XRP data sets are cleared, min-max
normalization is performed using Equation (1), where is the
attribute value in the
row.
( )
( )

( )

(1)

After this normalization process, KNN, DVR and RF methods
were applied to all data sets using WEKA 3.8 [13] program.
The data to be used were tested with k-fold cross validation
method. In the k-fold cross validation method, firstly a k value
is determined. The data set is divided into k sub-data sets of
equal size. One of these sub-data sets is called test data set and
the remaining k-1 sub-data set is defined as the training data set.
Training data sets are data stacks consisting of data presented
for the learning of the algorithm used. Test data, on the other
hand, are data stacks that are used according to the model
created after the algorithm has finished learning, and to test how
close the model gives predictions to the real data. In K-fold
cross validation, the model is trained using one test data set and
k-1 training data set after the whole data set is divided into k
pieces. During k number of iterations, the model is trained by
changing the test data in each iteration.
As a result of the algorithm, the model giving the lowest
mean absolute error (MAE) of the test data sets is used as the
ideal k value. MAE value is calculated using Equation (2) where
is the difference the difference between the predicted and real
values. It can be said that the closer the MAE value is to zero,
the better the predictive performance of the model.
=

(2)

B. K Nearest Neighbor (KNN)
K Nearest Neighbor Algorithm (KNN) is one of the methods
used in classification and regression studies in supervised
learning algorithms. Unlike other supervised learning
algorithms, it does not have a training phase. The training phase
and the testing phase are almost the same. Since it is a lazy
learning type, it is an algorithm that is not ideal to implement in
large data sets. The class of the data added to the KNN sample
data set is determined by calculating the distances to the
existing data in the data set and looking at the specified number
of neighbors. Distance calculations for continuous variables are
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usually calculated using one of the Euclidean, Manhattan and
Minkowski distance functions.
The steps of the KNN algorithm are briefly as follows:
Step 1: As a result of the sample data set analysis, the k value
that gives the least error is found.
Step 2: The distance of the new data to be added to the existing
data set is calculated by using the distance function.
Step 3: After calculating the distances, the nearest k number of
neighbor data to this data are considered.
Step 4: Assigned to the nearest k neighbor class according to
attribute values.
C. Support Vector Regression (SVR)
Support Vector Machines algorithm is one of the best kernelbased methods used to solve classification and regression
problems. This very powerful learning strategy based on
machine learning algorithm principles was developed by
Vapnik [14].
of the training data
The expression given as {( , )}
also shows the area of the X input data. This X variable can be
daily price data in crypto coins. Y variable is defined as the
prediction variable in regression problems. The aim of the SVR
is to find the ( ) function with the highest deviation from the
targets obtained for all training data and at the same time as flat
as possible. As can be understood from this expression, as long
as errors are less than , they will not be ignored by the method,
EXWDQ\GHYLDWLRQJUHDWHUWKDQİZLOOQRWEHDFFHSWHG
D. Random Forest (RF)
Random Forest (RO) algorithm is a bagging-based machine
learning method. The RO algorithm creates multiple decision
trees, combining them to create much more accurate and stable
models. The RO algorithm is also used for regression analysis.
When used in regression analysis, the target class consists of
continuous data. Therefore, each tree created by the RO
algorithm creates a continuous prediction model for us. The
estimate of the whole model is obtained by taking the average
of the estimates obtained from individual trees [15]. The steps
of the RO algorithm can be listed as follows:
1. N pieces of data are selected from the data set and a certain
part of these selected data is used as learning data and trees
are formed.
2. m number of attributes are selected from the learning data
set and the one that will gain the most knowledge is
determined. The ideal value for the regression tree is =
1 , and the ideal value for classification is
=
,
where p indicates the total number of features.
3. It is calculated by using the best branching criterion of the
chosen prediction variable, entropy and Gini index.
According to this value, each node of the data set is divided
into two sub-branches.
4. The processes up to this point are repeated until a leaf knot
is obtained.
5. The previous steps are repeated N times to create N number
of trees.



The model is tested with test data using the rules created by
these trees.
For classification problems, the tree with the most votes is
chosen as the estimate of the entire forest. For regression
problems, the average of all voting is calculated and
estimated accordingly.

7.

III. ESTIMATION OF CRYPTOCURRENCY PRICE CHANGES
WITH KNN, SVR AND RF
In the study, price estimation of defined cryptocurrencies
(BTC, ETH, XRP) was made using the WEKA 3.8 with KNN,
SVR, and RF methods for three different data sets created using
six different features.
As given in Section II, in order to determine the model to be
created for the KNN, SVR, and RF methods, the BTC, ETH,
and XRP training data sets were created by changing the k-fold
cross validation values, and the model with the lowest MAE
value was selected as the prediction model for the related
cryptocurrency.
A. BTC Price Estimation
In order to apply the KNN algorithm to the Bitcoin data set,
firstly, using the separated training data set, the lowest MAE
value and the k-fold cross validation value were found. Due to
the space limit, the k-fold crossover results are given only in the
BTC price estimation using the KNN method in Table 2.
Table 2: k-value and k-fold cross validation results of Bitcoin KNN
models.
k

5

1



k times cross validation MAE value
6
7
8
9




10

 

3

137,4052

139,9591



138,0851

137,8709 

5
7

131,9727
127,4385





128,0758

131,5973


 
 127,7193

9

125,9282

127,1355

125,579

124,8323

 

11





125,1089

124,8286

125,0342 124,8712

For Bitcoin, it is seen that the lowest MAE result is obtained
when the k parameter is 11 and the k-fold cross validation value
is 8. Price estimation has been made using these parameters.
The price estimation, error value and MAE result made with
KNN are given in Table 3.
Table 3: BTC price prediction analysis results made with the KNN.
method.
Real value


7271,78


Estimated Value





Error Value
-313,922
15,781
-210,121
-



-


7550,9
MAE
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DVR. Although the DVR and RO methods gave very close
OMH values, significant deviations were observed in the
estimated data obtained by the RO method. Compared to the
Random Forest algorithm, its response to price changes was
much slower. When the graph of the KNN method is examined,
it can be said that it gives unsuccessful results in all respects
compared to the other two methods.

IV. CONCLUSION
Cryptocurrencies are digital assets that have different
characteristics to achieve different purposes, many of which
have a total supply. Crypto currencies are one of the investment
tools that have attracted the attention of all kinds of investors
since 2009, when they were created. Although the main purpose
of crypto money is to be used in payment and money transfer
transactions, it has also been a commodity used by a large mass
as an investment tool. Although there are many different
negative evaluations these days, when technological
developments begin to change the financial system, they will be
used as an investment tool in the future, given the value and
potential of cryptocurrencies. So much so that although it is not
supported by any state or institution, Bitcoin, the first and most
popular of crypto currencies, can constantly attract the attention
of new investors. For this reason, predicting the future price of
crypto coins is among the indispensable for investors.
In this study, the price prediction was made with KNN, SVR
and RF algorithms using the daily opening, closing, highest and
lowest price, daily volume and daily total market value
attributes of BTC, ETH and XRP, the three most valuable
crypto currencies in the cryptocurrency world.
The price estimation is made on the basis of USD so that it is
not affected by exchange rates. The data set to be used was
created by extracting all the data from the first date when the
relevant crypto money was traded on stock exchanges until
today.
In the study, it was seen that some attributes in the data sets
consist of missing data and all the missing data were deleted
and the data sets were made ready for use. All data sets were
normalized within themselves, then separated as training and
prediction data set and made ready for analysis. With the
WEKA 3.8 (Hall et al. 2009) program, the training data sets
were trained with the most ideal parameters and k times cross
validation values by changing the k-fold cross validation values
with the parameters specific to K Nearest Neighbor, Support
Vector Regression and Random Forest algorithms. 23-day price
estimation was made using the models created. Price
predictions have been compared with actual data. As a result of
the comparison, the success ranking of the methods was SVR,
RF and KNN, respectively. With the Support Vector
Regression algorithm, the lowest average absolute error results
were obtained in Bitcoin, Ethereum and XRP price prediction.
Since the K Nearest Neighbor algorithm gives the highest
absolute error results, it was determined as the most
unsuccessful method among the three methods.
As a result, when the estimated data of the SVR algorithm
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are compared with the real data, it is seen that the estimated
price data match the actual data and react very well to price
changes compared to other methods. Considering the success of
the Support Vector Regression method in this study, it has been
concluded that it can be applied to all other cryptocurrencies in
the exchanges where BTC, ETH and XRP are traded.
In future studies, a data set with more attributes can be used
by adding some indicator values used in technical analysis in
addition to the features used in this study. Again, in another
study in the future, after estimating the features used in this
study with different attributes, the estimation model can be
analyzed in two stages by making a price estimation with
estimated attribute values.
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Cloud Computing Based Voting Classifier
Method Used for Survival Prediction of Heart
Failure Patients
Ö. YAKUT
Kocaeli University, Kocaeli/Turkey, onder.yakut@kocaeli.edu.tr
Abstract - Millions of people die every year due to functional
impairments in different organs caused by Cardiovascular
diseases (as myocardial infarctions and heart failures). By
analyzing the medical records kept during the treatment of
patients with heart failure, it can be ensured that clinicians pay
attention to situations that are difficult to detect. In this study,
using the medical records of the patients, it was predicted
whether the patients would survive with the heart failure clinical
records data set. In this study; Machine learning methods such as
Artificial Neural Network (ANN), Logistic Regression (LR),
Random Forest (RF), Naive Bayes (NB), Support Vector Machine
(SVM) and k-Nearest Neighbors (kNN) have been used.
Ensemble Learning-based Voting Classifier (VC) method which
utilized the predictions of these machine learning models and
makes decisions according to the majority vote has been
proposed. The performance results of these models have been
evaluated and compared. Performance values of the Voting
Classifier method have been obtained as F1-Score 0.76%,
Accuracy 0.83%, Precision 0.79%, Recall 0.75%, ROC 74.7%
and ROC-AUC 0.86%. In this study, it has been concluded that
the performance of the proposed Voting Classifier model is
higher compared to the study in the literature. It has been
concluded that the proposed method can be used to assist
clinicians in their decision-making process to predict whether a
patient will survive with heart failure. The machine learning
methods developed and suggested in the study were coded with
the Phyton programming language using Google Colaboratory
(Colab notebook) which is Google Cloud Computing service.
Keywords - Cloud Computing, Data Science,
Colaboratory, Machine Learning, Voting Classifier.

A

Google

I. INTRODUCTION

CCORDING to the data of the World Health
Organization (WHO) [1], approximately 17.7 million
people die each year due to heart diseases and functional
impairments in different organs caused by these diseases.
Heart failure is the condition in which the heart cannot pump
enough blood to the body with the occurrence of cardiac
functional disorders. Patients with heart failure have a very
high mortality rate. The frequency and prevalence of this
disease are increasing worldwide. Early diagnosis of heart
failure is extremely important. Today, there is a need for
decision support systems that will assist clinicians in the
diagnosis of diseases in the field of health. Decision support
systems analyze the historical data of patients using machine
learning methods and make predictions for the current
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situation.
Various researches have been conducted using machine
learning methods to predict heart failure.
Angraal et al. [2] estimate the risk of mortality and
hospitalization for heart failure in patients with heart failure
with preserved ejection fraction using machine learning
techniques. They proposed a decision-making tool to predict
the course of the disease of these patients. Adler et al. [3]
created a risk score that highly predicted mortality in patients
with heart failure using a machine learning approach.
Marcinkiewicz-Siemion et al [4] proposed a tool to diagnose
heart failure with an untargeted metabolomics and reduced
ejection fraction of machine learning algorithms resulting
from the combination of the two methods. Mathis et al. [5]
developed machine learning models that include logistic
regression, random forest, and extreme gradient boosting
using
perioperative
data,
including
preoperative,
intraoperative, to potentially detect heart failure with reduced
ejection fraction at an early stage. Jing et al. [6] proposed a
strategy to manage populations of patients with heart failure
using large clinical datasets and machine learning methods.
In this study, the Ensemble Learning-based Voting
Classifier method using various machine learning methods has
been proposed. With this method, survival estimation of
patients with heart failure has been made. This method has
been thought to provide support to clinicians in the decisionmaking process regarding heart failure. While developing the
proposed method, the hardware and software needed have
been provided by using Cloud Computing based Google
Colaboratory (Colab) .
II. MATERIALS

AND METHODS

A. Data Set
This data set includes medical records of 299 heart failure
patients collected during the follow-up period of the
Faisalabad Institute of Cardiology and Allied Hospital in
Faisalabad (Punjab, Pakistan) between April and December
2015 with each patient profile having 13 clinical features [710]. The 299 patients with heart failure consisted of 105
women and 194 men and were between 40 and 95 years of
age. All of the patients had left ventricular systolic
dysfunction and the heart failure stages of the patients were
determined by the New York Heart Association (NYHA) as
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class III or IV [8, 11].
Table 1: Heart failure clinical records data set feature ranking [8]
Clinical Feature

Feature Rank

Feature Group

Ejection fraction

1

DS1, DS2

Serum creatinine

2

DS1, DS2

Age

3

DS1

Creatinine phosphokinase

4

DS1

Sex

5

DS1

Platelets

6

DS1

High blood pressure

7

DS1

Anaemia

8

DS1

Smoking

9

DS1

Diabetes

10

DS1

Serum sodium

11

DS1

In Table 1 [8] Heart failure clinical records data set features
are listed. The features in this list are in order of importance
from higher to lower. Two separate feature sets are obtained
from this feature set. The first of these is Data Set 1 (DS1),
which consists of all features. The second is Data Set 2 (DS2),
which consists of only the first two features. These two data
sets are used for prediction.
B. Google Colaboratory
Google Colaboratory (Google Colab, Colab notebook) is a
research project that offers powerful hardware options such as
Graphics Processing Units (GPU) and Tensor Processing
Units (TPU) to prototype machine learning methods. Google
Colab offers a serverless Jupyter notebook environment for
users to develop interactive code [12]. To use Google Colab,
go to https://colab research.google.com. You can then log in
with your existing Google account and access Google Colab's
home page as shown in Figure 1. You can use the Google
Colab service for free.

Figure 1: Screenshot of Google Colab homepage

C. Voting Classifier
In the Voting Classifier method, different types of machine
learning methods are trained and tested on the data set to be
studied. The output of these methods is then combined to get
an ensemble estimate. The class that receives the majority vote
in this unification process is considered as the estimate of the
ensemble. It is called the hard voting classifier according to
the majority vote. Collectively the estimation process usually
produces results with a better degree of accuracy than the best
classifier in the ensemble. With the Voting Classifier method,
the error in the ensemble estimation is reduced and thus the
prediction success of the ensemble is increased.
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In this study, six different types of machine learning
methods such as Artificial Neural Network (ANN), Logistic
Regression (LR), Random Forest (RF), Naive Bayes (NB),
Support Vector Machine (SVM) and k-Nearest Neighbors
(kNN) have been developed. The final estimation has been
made by combining the results of these machine learning
methods with the Voting Classifier (VC) method according to
the majority vote. This work has coded in Python
programming language using Colab notebook. Scikit-learn
[13] open-source machine learning library has been utilized
for predictive data analysis . While developing machine
learning methods each method has its own hyperparameters.
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Hyperparameters of machine learning methods have been used
with their default values in scikit-learn machine learning
library.
D. Performance Metrics
Accuracy is a classification score. In multi-label
classification, this function calculates subset accuracy.
Accuracy score ranges from 0 to 1. F1 Score is interpreted as
the weighted average of precision and recall values. The FScore score reaches its best value at 1, and its worst value at 0.
The recall is the classifier's ability to intuitively find all
positive samples. Precision is the ability of the classifier to
intuitively not label a sample positive that is negative. The
best value of precision and recall is 1 and the worst value is 0
[14]. ROC shows the trade-off between precision and recall. It
explains how well the model is at predicting positive class.
The result of the estimation is the area calculation in Area
Under the Receiver Operating Characteristic Curve (ROC
AUC). ROC-AUC demonstrates the model's ability to
distinguish classes. ROC and ROC-AUC values are 1 for the
most perfect classifier and 0 for the worst classifier [14, 15].
III. EXPERIMENTAL STUDY
In this study, a cloud computing-based Voting Classifier
method is proposed as in Figure 2 to predict whether patients
with heart failure will survive using heart failure clinical data
set. The user can access Google Drive and Google Colab
services by logging into the system with a Google account.
The user uploads the data set to Google Drive. Interactively,
Colab can also run the codes of machine learning algorithms
developed in Python on the Google Cloud Computing

Platform and get the results. In this way, the user provides his
software and hardware needs by saving time and money as he
benefits from cloud computing services. Users can make the
necessary analysis for themselves without dealing with the
maintenance, repair, software update and licensing of the
cloud computing platform they use. It can distribute these
analysis results and their developed models on the web.
In the proposed method, features in the heart failure clinical
data set have been normalized according to Min-Max
normalization. Next, the Heart failure clinical dataset (299
records in total) has split into two datasets; the training data
set is 209 records (2/3) and the test set is 90 (1/3) records.
The training and test data sets have been fed into machine
learning models developed using the 5-fold cross-validation
technique. Artificial Neural Network, Logistic Regression,
Random Forest, Naive Bayes, Support Vector Machine and kNearest Neighbors machine learning methods used in this
study have been developed. First, these methods have been
trained with the training data set. Then, these methods have
been tested with the test data set. Next, the prediction results
of these models have been obtained. Finally, the prediction
results of all these models have been predicted by the Voting
Classifier machine learning method which decides according
to the majority vote. Consequently, the final prediction has
been made whether patients with heart failure will survive
using the Voting Classifier machine learning method. Since
the proposed method has been developed based on cloud
computing it can be deployed on the internet.

Figure 2: Block diagram of the proposed prediction method
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IV. EXPERIMENTAL STUDY
The heart failure clinical data set is grouped in order of
importance in terms of features [8]. As the first group, all the
features (11) of the data set have been used and named as Data
Set 1 (DS1). Ejection fraction (EF) and serum creatinine (SC)
features have been used and named as Data Set 2 (DS2). The
machine learning methods in this study have been trained and

tested using these two data sets.
In this study, the machine learning methods used DS1 to
predict whether patients with heart failure will survive. The
performance results of machine learning methods as a result of
this prediction are shown in Table 2. The methods in Table 2
are listed from high to low performance.

Table 2: Prediction results of machine learning methods trained and tested using DS1
Model
Voting Classifier
Random Forest

Logistic Regression
Support Vector Machine
Naive Bayes
k-Nearest Neighbors
Artificial Neural Network

Train
Test
Train
Test
Train
Test
Train
Test
Train
Test
Train
Test
Train
Test

F1-score
0,827
0,840
0,839
0,826
0,777
0,826
0,863
0,802
0,743
0,761
0,830
0,752
0,961
0,749

Accuracy
0,831
0,857
0,864
0,880
0,810
0,840
0,860
0,760
0,740
0,780
0,838
0,760
0,960
0,730

Recall
0,830
0,857
0,820
0,814
0,810
0,827
0,850
0,800
0,740
0,780
0,840
0,760
0,960
0,750

Precision
0,860
0,864
0,870
0,842
0,804
0,814
0,879
0,817
0,737
0,759
0,847
0,749
0,963
0,700

ROC
0,867
0,755
0,820
0,811
0,764
0,741
0,851
0,775
0,678
0,663
0,788
0,674
0,960
0,746

ROC-AUC
0,920
0,940
0,940
0,900
0,890
0,860
0,950
0,840
0,860
0,830
0,910
0,730
1,000
0,800

Rank
1
2

3
4
5
6
7

Table 3: Prediction results of machine learning methods trained and tested using DS2
Model
Voting Classifier

Random Forest
Artificial Neural Network
Logistic Regression
k-Nearest Neighbors
Naive Bayes
Support Vector Machine

F1-score

Accuracy

Recall

Precision

ROC

Train

0,760

0,775

0,780

0,772

0,705

0,880

Test

0,769

0,783

0,780

0,768

0,673

0,730

Train

0,823

0,823

0,820

0,824

0,779

0,890

Test

0,765

0,776

0,780

0,776

0,675

0,780

Train

0,725

0,763

0,720

0,746

0,716

0,790

Test

0,765

0,765

0,770

0,753

0,668

0,690

Train

0,754

0,754

0,750

0,756

0,668

0,770

Test

0,750

0,750

0,750

0,750

0,611

0,710

Train

0,826

0,828

0,830

0,818

0,799

0,890

Test

0,724

0,724

0,720

0,724

0,665

0,710

Train

0,722

0,722

0,720

0,730

0,630

0,770

Test

0,720

0,724

0,724

0,719

0,542

0,670

Train

0,754

0,763

0,760

0,752

0,714

0,790

Test

0,719

0,719

0,720

0,719

0,584

0,690

In this study, the machine learning methods used the DS2
data set to predict whether patients with heart failure will
survive. As a result of the predictions, the performance results
of machine learning methods are given in Table 3. The
methods in Table 3 are listed from the high performance to the
lower one.
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ROC-AUC

Rank
1

2
3
4
5
6
7

V. DISCUSSION
In this study, the performance results in Table 2 and Table 3
were obtained in order to predict whether patients with heart
failure will survive. When the performance results in these
Tables are examined, it is seen that all models have
sufficiently high degree estimates. It is understood that the
highest performance result in both Tables belongs to the
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Voting Classifier machine learning method. This performance
results show that the proposed method is more predictive in
decision making.
When the results in Table 2 of the DS1 data set are
examined, the performance of the methods used is high. The
Voting Classifier method suggested in this study gave the
highest performance result. The proposed method also
produces less erroneous results as it makes the final decision
using the predictions of other methods. Thus, instead of the

prediction result of a machine learning method, the prediction
result of more methods was evaluated. So, it has been seen
that the ensemble prediction result is better than the prediction
made alone.
When the results of the DS2 data set were examined, the
results in Table 3 were obtained by using only two features.
The performances of the obtained results are acceptably high.
The proposed Voting Classifier method has the highest
performance result.

Table 4: Comparison of prediction results
Model

F1-score

Accuracy

Recall

Precision

ROC

ROC-AUC
0,818

Logistic Regression [8] (DS1)

0,714

0,833

0,780

0,856

0,612

Voting Classifier (proposed method) (DS1)

0,840

0,857

0,857

0,864

0,755

0,940

Logistic Regression [8] (DS2)

0,719

0,838

0,785

0,860

0,617

0,822

Voting Classifier (proposed method) (DS2)

0,769

0,783

0,780

0,768

0,673

0,730

When the results given for the DS1 data set in Table 4 were
examined, the proposed method gave a higher prediction result
than the other method. When the results given for the DS2
data set in Table 4 are analyzed, the proposed method gave
prediction results in the same range and very close to each
other with the other method.
The proposed method obtained sufficiently high prediction
results for both data sets (DS1 and DS2). Thus, it was
concluded that the proposed method to predict whether
patients with heart failure will survive will provide support to
clinicians in the decision-making process.

[4] Marcinkiewicz-Siemion M , Kaminski M , Ciborowski M , Ptaszynska-

[5]

[6]

[7]

VI. CONCLUSION
In this study, the Ensemble Learning-based Voting
Classifier method has been proposed. With the proposed
method survival prediction of patients with heart failure has
been made. Sufficiently high predictions have been obtained
using the proposed method. Thus, it has been revealed that the
proposed method to predict whether patients with heart failure
will survive will provide support to clinicians in the decisionmaking phase. The hardware and software requirement of the
proposed method has been met by using Cloud Computing
based Google Colaboratory (Colab). In future work, the
performance of prediction results can be further improved by
using more different machine learning methods and more
comprehensive data sets.

[8]

[9]
[10]

[11]

[12]
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Abstract – Voice recognition and processing; in today’s

world, realistic authentication has become a leading
technique in the matters such as detection of faults, access
to control techniques, and finding solutions to problems.
The presence of malfunctions in vehicles leads to difficulties
in system integrity. Car-key, engine, wrong pin, wrong
codes or other authentication errors, violation can be
detected by stolen or hacked/lost or by transferring data to
computer. In addition, these unsolicited statuses may cause
access to this protected system to be stopped. However,
voice segmentation can provide a complete solution to this
kind of dilemma through automotive technologies. The
system, which is applied as voice segmentation, consists of
two steps: recognition and verification. The recognition is
defined as multiple, i.e., comparison of a recorded data for
a database with the whole system, while verification is
defined as a one-to-one, i.e. comparison of a pair to
determine whether they are caused by the same error.
Keywords – Artificial Intelligence, Embedded System, Voice
Recognition, Voice Processing, Car Fault Detection.

I. INTRODUCTION
In this study, it is aimed to detect many malfunctions such as
mechanical, engine, electrical and electronic malfunctions that
may occur in vehicles that have almost completely turned into
electronic control systems in the automotive industry by using
sound characteristics. An intelligent interface design will also
be implemented that will guide the driver depending on the
severity of the detected fault and the condition to be remedied.
Thus, an early diagnosis of a malfunction that may occur in
vehicles will be provided and larger failures that may arise from
these malfunctions / failures will be prevented. In addition, by
preventing accidents caused by malfunction, both loss of life
and economic losses can be prevented. In this thesis project,
firstly, sound recordings of real vehicles will be taken in
defective and intact conditions, and data sets will be created by
signal processing. What the real fault is, its importance and
what needs to be done will be entered into the database as
control data by an expert. The system tested in the results
obtained will also be tested in vehicles and statistically
analyzed. With an intelligent interface, the driver will be
informed of what the fault (s) are as well as what to do.
Since 1990, DRA (Direction record assembly) has been
researching speech recognition technology applications for
speech and language development for young children as a
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speech research unit. The first project, known as STAR (Speech
Training Aid Research), was supported by the awareness that
teachers needed a "speech training aid" tool to assist young
children in developing various communication and language
skills[1]. They performed hardware speech recognition in their
studies. They used RSC 364 card and PIC 16F876 for this
operation. They carried out different experiments, both inside
and outside the laboratory[2]. in his work; They stated that
embedded systems are at the heart of all electronic devices of
today, from mobile phones to garage door openers and medical
devices. It is almost impossible to produce an electronic device
without hardware and software[3]. in his work; They stated that
the difference between embedded systems and computers is that
computers are not designed to perform a single special function,
but to perform many functions. The term general purpose
computer is used to reinforce this difference[4]. Usually, an
embedded system is an element of a large system. For example,
modern cars have different embedded systems that can perform
many different, special functions. One embedded system
controls antilock brakes, the other monitors and controls the
vehicle's emissions, while another displays these data on the
dashboard[5]. Sound is the mechanical vibrations created
during the transfer of energy in a solid, liquid or gas
environment. Sound can also be defined as the response of
humans to the pressure changes caused by the vibration of
objects in a liquid, solid or gas environment. The vibration of
the object is required to generate sound. Waves caused by the
vibration of objects are called sound waves[6]. The number of
repetitions in a signal produced per unit time can be expressed
as frequency, and the frequency can also be called the frequency
space. Frequency unit is Hertz (Hz). Frequency determines the
pitch and fineness of the sound. If the number of repetitions of
the signal per unit time increases, that is, if the frequency
increases, the sound becomes thinner, if the frequency
decreases, the sound becomes thicker. In other words,
frequency is the number of displacements or oscillations of a
particle per unit time[7].
II. MATERIALS AND METHODS

A. Dataset
The database of this website has been created from 6 vehicles
so far. The data are all taken from KONFIAT's Technical
service department, which is shown Figure (1.1).
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B. Methods
- Angular
Angular; It is a TypeScript-based and open source framework
used to build web, mobile, and desktop applications. Angular
applications include the use of Typescript, a language built on
Javascript, together with Html, Css. The code written in
Typescript is compiled into Javascript first and then processed
in the browser. Using Typescript is not mandatory for Angular
application development, but its ease of use and advantages
make it more useful to use.
- Typescript
TypeScript is a strongly-typed, object-oriented and compiled
open source programming language. Designed by Anders
Hejlsberg, a Microsoft employee and designer of the C #
language, the first version was published in 2012. It is possible
to define TypeScript as both a language and a set of tools. It can
be used to write JavaScript programs that can run in a client or
server environment.
- Javascript
JavaScript, often abbreviated as JS, is a multi-paradigm,
prototype-based, mandatory and functional scripting language
commonly used in web browsers. Thanks to client-side scripts
written in JavaScript, functions such as interacting with the
user, controlling the browser, communicating with the server
asynchronously and changing the web page content are
provided. JavaScript is also widely used on the server side,
thanks to platforms such as Node.js.
- HTML
Hypertext Markup Language (HTML) is the standard text
markup language used to create web pages, and is a system of
pieces of code called tags that determine how documents will
link to each other and how text and images within a document
will be placed. Hypertexts used to link documents with each
other are very powerful. The World Wide Web (shortly WWW
or Web), which lives on the Internet, is used to create
interactive, multi-platform, multimedia and client / server
applications behind the HTML system.
- Cascading Style Sheets (CSS)
Cascading Style Sheets (CSS), called "Cascading Style Sheets"
or "Cascading Style Templates", is a markup language that
offers extra possibilities in the field of text and formatting in
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addition to HTML. CSS, in its simplest form, allows us to
visually improve our HTML tags (size, color, font, etc.).
There are 3 style page types: Internal, External and In-line.
Internal is the way we write our CSS code in the style tag at the
top of the page. External (external) is the writing format that we
open a document with .css extension for our CSS codes and
write here, then call this document into HTML with the link tag.
In-line is the format in which we write our CSS codes in-line
into our HTML structure.
- Firebase
Firebase is a cloud-based platform developed by Google for
building mobile and web applications where we can store our
JSON data in real time on a remote server. Firebase, which
handles applications such as application management, usage
tracking, data storage, sending notification without the need to
write an extra server and server-side code, provides separate
access for each application equipped with features such as
Realtime Database, Notification, Remote Config in its new
developer-friendly interface.
- Amazon Web Services
It is a subsidiary of Amazon that provides on-demand cloud
computing platforms and application programming interfaces.
It was established in July 2002 and provides cloud computing
web services, various basic abstract technical infrastructure and
distributed computing building blocks and tools to individuals,
companies and governments on a pay-as-you-go basis. The
virtual computer version of AWS emulates many of the
attributes of a real computer, including hardware central
processing units and graphics processing units for rendering.
- AWS S3
Amazon S3 is short for Amazon Storage Service in AWS
service. AWS S3 provides IT teams, Developers, and highly
secure, durable storage with low latency in the AWS cloud. It
is basically an object storage service of AWS that can store and
receive unlimited data from anywhere in the world.
S3 provides 99.999999999% durability for objects stored in the
service and supports multiple security and compliance
certificates. The administrator can also connect S3 to other
AWS security and monitoring services such as CloudTrail,
CloudWatch, and Macie. There is also an extensive partner
network that connects their services directly to S3.
Amazon S3 is a large-scale storage service with millions of
cloud users worldwide. Amazon S3 is designed with a focus on
simplicity and robustness with very few feature sets. In
addition, it has architectural features suitable for the power and
scaling nature of cloud computing.
- AWS Amazon SageMaker
Amazon SageMaker is a cloud machine learning platform
released in November 2017. Amazon SageMaker is a fully
managed service that provides any developer and data scientist
with the ability to rapidly develop, train, and deploy machine
learning (ML) models. SageMaker makes it easier to develop
high-quality models by taking on the heavy loads in every step
of the machine learning process. SageMaker also allows
developers to deploy ML models to embedded systems and
edge devices.
- AWS DynamoDB
Amazon DynamoDB is a key-value and document NoSQL
database provided by Amazon Web Services that delivers
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single-digit performance in milliseconds at any scale. NoSQL;
Alternative to relational databases, it is a database solution that
offers high performance and ease of management in systems
with non-relational, flexible structure, big data and many active
users.
- AWS Amazon Elastic Compute Cloud ec2
Amazon Elastic Compute Cloud (EC2) is a web service from
Amazon Web Services that provides secure, resizable compute
capacity in the cloud. The platform was established on August
25, 2006 and is designed to facilitate web-scale cloud
computing for Developers. Amazon EC2 allows users to lease
virtual computers where they can run their own computer
applications. EC2 encourages scalable deployment of
applications by providing a web service where a user can boot
an Amazon Machine Image (AMI) to configure a virtual
machine that Amazon calls an "instance" containing any
software they want. A user can create, start, and terminate
server instances as required, paying as much as seconds for
active servers. EC2 provides latency optimization and high
redundancy by giving users control over the geographic
location of the cloud servers.
- AWS lambda
Applications developed with serverless architecture are eventbased. In other words, an event must occur in order for our code
to work. (HTTP request, cronjob, S3 file upload…) As a result
of this event, our codes perform the determined operations.
AWS Lambda is one of the first services that comes to mind
when we say 'Serverless'. In these services, we only write the
code we want to run and make the necessary resource settings.
Since we are not dealing with settings such as which server our
code runs on, there is no need for settings such as management
or maintenance, security.
- Filter banks
In signal processing, a filterbank is a band-pass filter array that
separates the input signal into multiple components, each
carrying a single frequency subband of the original signal.
Another application of filter sets is signal compression when
some frequencies are more important than others.
- Python
Python is an object-oriented, interpretive, modular and
interactive high-level programming language. Python was
started to be developed by Guido van Rossum in Amsterdam in
the early 1990s. Contrary to popular belief, it takes its name not
from the python snake, but from the show performed by
Rossum's favorite comedy group called MonthyPython.
Simple syntax based on indents makes the language easy to
learn and remember. This makes it a language where
programming can be started without wasting time with the
details of its syntax.
Python is an interpretive language, which means it can be run
without compiling, unlike languages like C and C ++. This
makes it easier to develop programs with Python. Many things,
data structures, functions that you will need while writing a
program in Python are presented to you. In this way, you can
write programs in a much more rapid manner with the
presentations infrastructure, without having to design down to
the finest details to solve a problem as in other languages.
Python has a simple syntax. In this way, it becomes easier and
more enjoyable to write programs, and programs written by
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others can be understood more easily. Python allows you to do
a lot with little code.

C. Why we used those teknolojis?
(angular, html, css, js, typcript): We use these technologies to
make a one-page application that allows us to use functions
such as live recording, and we can also reuse the same code and
technology in the mobile application.
(Firebase) We use it for user authentication (login and
registration) from many websites such as Google, Apple and
Facebook.
(AWS S3) Use S3 to store all of our engine sounds uploaded or
uploaded by the user.
(AWS Amazon SageMaker) We use sagemaker to train our
model in the cloud, this option is better in terms of time and
performance.
(AWS dynamodb) We use dynamodb as our main database to
store all information such as the location of sound in S3 and
information about our user ... etc.
(Ec2) Use it as the main server for the backend and font
application you can use to run our entire application. Use EC2.
(Lambda) Amazon offers a service lambda that will run
functions in the cloud, separate from your server, to give us the
security and scalability we need to manage users of all sizes.
(Python) It is the language in which we write our model and
algorithm.
III. CONCLUSION
1.st car
Records were taken in the technical service department of
KONFIAT firm in the experimental study. Until now, 2 vehicle
data have been taken, and since the normal working voice
records of the third of them cannot be taken due to Korana virus,
data of 2 vehicles have been studied. While the vehicle is
running, audio data is recorded on the phone. The recorded data
is uploaded to the computer and analyzed. Recorded sound data
is as in figure (3.1).

Figure 3.1: Defective sound wave
After the defective sound recording of the vehicle is uploaded
to the system, filter banks are applied and after the sound wave
is filtered, it is obtained as shown in figure (3.2).
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Figure 3.2: Sound wave filters
The vHKLFOHLVRSHUDWHGE\.21)ø$7DIWHUWKHPDOIXQFWLRQLV
corrected and sound recording is made again in the same
condition and place. The sound data obtained is as in Figure
(3.3).

Figure 3.6: Normal sound wave
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Abstract - Software developers who want to develop web
applications need auxiliary software to make their work easier. At
this point, Django architecture built on Python language can be
used. Django is an open source web interface that uses the MVT
(Model, View, Template) architectural structure. Complex web
applications can be developed easily with the advantages of Django
architecture. It provides convenience to users in terms of
modularity, dynamism, flexibility, security, detailed error reports,
database management, management panel usage and working on
every platform. In this study, using Django architecture built on
Python language, a web application was made targeting an
educational institution at high school level and the student
information system was successfully concluded by running the
designed web application.

languages, backs up object-oriented programming, is popular,
its libraries are advanced and at a high level, the number of
developers is high and it is used in scientific research (machine
learning, deep learning, artificial intelligence, etc.) are among
the reasons why it is preferred to develop [2]. Besides,
Rossum's starting work at Google caused the Google company
to use Python language a lot. The active use of the Python
language by this company which is world-famous has greatly
boomed the popularity of this language [3]. The Python
language's ranking in the software world between 2016 and
2017 is shown in Figure 1. Spacepy, Dropbox, BitTorrent,
NumPy, Matplotlib can be given as examples of popular
applications and modules written in Python language [4].

Keywords - Django, Web Application, Python, Student
Information System

W

I. INTRODUCTION

ith the rapid advancement of technology, the emergence
of new languages and the increase in the number of userfriendly interfaces, libraries and modules integrated into these
languages, extensive resources have emerged in the software
world.
Amateur or professional users try to develop individual,
corporate websites by using these resources. One of the most
important points that users meet is that their projects are
interrupted or incomplete as a result of not having a command
of software languages. Hence, they desire to meet the needs
such as doing a lot of work by writing less code with low
software knowledge, using ready-made designs, developing
user operations, taking security measures, developing dynamic
web sites. In the absence of the necessary software competence,
they need auxiliary tools that will enable them to do all these
significant tasks on their behalf. Professional users use these
auxiliary tools to facilitate their work, to automate, to provide
the standard and to save time.
In the study, Django Web Framework, which has been
developed on Python language, which has been introduced to
the software world for web site development in recent years,
will be discussed. Once we consider the Python language, we
realize that Python is a programming language introduced by
Guido Van Rossum in 1991 [1]. It is a new software that is easy
to learn and coding of Python language compared to other
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Figure 1: Most used programming languages [5]

When considering the Django framework, we realize that it
is a web development interface built on the Python language
and is a free and open source web application development
structure. With Django, it enables you to overcome the
difficulties met while developing web applications and to spend
their energy and resources on the application they developed
without wasting time with the basic problems. One of its main
purposes is to ensure that developers can reach the completion
of the application in the shortest time and easily from the
concept [6].
,Q.DVDSR÷OX Vwork, he designed his web application with
Django Web Framework while planning the resources used in
software tests and software testing strategy, running software
tests and keeping records related to tests, creating software test
results reports, minimizing human errors in processes and
performing repetitive work by the tool, standardizing processes
and facilitating the documentation process [7].
%DUÕúoÕDQG-DYDGÕGLVFXVVHGZKHWKHUSHRSOH VHPRWLRQVDQG
ideas about incidents can be determined from the content of
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their posts on Twitter. In this study, Django Web Framework
was used to develop the web application while selecting the
Python programming language [8].
Aslan and Bilgin developed an interventional web
application in cooperation with Python and Django Web
Framework so as to embody the engineering intelligent control
course, to absorb the course and to exercise more. Developed
interactive applications are grouped under three headings:
Routh table creation, Time response simulations and Control
Action and simulations. It is estimated that the tool which is
developed will contribute to control training [9].
Thanks to the student information system, they designed,
.DUDú DQG %D] HQVXUHG WKDW HGXFDWLRQDO DFWLYLWLHV ZHUH
collected, stored digitally, queried on the internet and presented
to users in documents and reports when needed [10].
In their studies, Ergin and Akseki examined the student
information systems used in graduate education and they
concluded that the workload was considerably minimized by
checking the information of students, courses and academicians
via the system. The systems they examined include Ankara and
*D]L8QLYHUVLW\,QVWLWXWHRI(GXFDWLRQDO6FLHQFHV%DKoHúHKLU
University Institute of Social Sciences and Cambridge
University Graduate Student Information and Registration
systems [11].
Considering the necessity of the student information system
to be developed with Python language and Django architecture,
in our primary and secondary schools throughout our country,
there is a need for information systems in order to record the
social, behavioral and cognitive information of the students, to
follow this information during the semester, and to use it in
interdisciplinary relations. It is very significant that the
information obtained can be stored, accessed when requested,
and data security. The knowledge of the students in their past
education levels will shed light on the future and concrete data
will be used at the point of orientation. In order to eliminate this
deficiency, it is aimed to design online systems and to use these
systems by administrators and teachers. In this student
information system, a vocational high school profile is taken
into consideration and a student information registration system
has been established, where teachers can become a member,
show their thoughts about students as positive or negative, and
the views of the relevant class or the relevant student can be
accessed only when logging on.

each project. It is a comfortable and useful web framework for
those eager to get rid of complex databases [12].
Django contains many extra features (user authentication,
content management, sitemaps, RSS (Really Simple
Syndication) feeds, etc.) to handle common web development
tasks. In security matters, many security errors such as SQL
(Structured Query Language) injection, cross-site scripting,
cross-site request forgery and clickjacking help developers
avoid. It provides a secure way to manage users' accounts and
passwords with a user authentication system. Besides, Django
serves the ability to rapidly and flexibly scale the peak traffic
demands [6]. Examples of websites using Django are Disqus,
Instagram, Knight Foundation, MacArthur Foundation,
Mozilla, National Geographic, Open Knowledge Foundation,
Pinterest, Open Stack [12]. The mentioned websites use
Django's MVT (Model, View, Template) architecture shown in
Figure 2.

Figure 2: MVT architecture of Django [10].
The model statement includes the database structure and
functions. While creating the model structure, the "class" logic
in the programming structure is used. Each class actually
corresponds to a table in the database. A part of the model layer
belonging to the application developed in Figure 3 and Figure
4 is shown. The department and class tables of the Student
Information System were created with the help of the model
layer, and the information taken from the models was ordered
by field with the expression "ordering". As can be seen in
Figure 4, the class model is connected to the Section model with
the help of foreign key.

II. MATERIALS AND METHODS
Django is a high-level web framework designed on Python
and licensed under a BSD license. It is different from other web
framework infrastructures with its easy to use and easy
installation, offering very detailed error reports and brand new
interfaces. Its name comes from the jazz guitarist Django
Reinhardt. Django project is to facilitate the use of complex
web applications. Django is designed in a structure with
reusability, modularity, rapid development process policy.
Django also serves a dynamic management panel that includes
basic record adding, deleting, editing and updating functions for
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Figure 3: Model layer codes
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Figure 4: Model layer codes
In the View layer of MVT architecture, a bridge is set
between the template and model layers. The requests from the
user are processed and the responses are sent. By defining
classes, functions and variables in the View layer, all kinds of
programmatic operations and database listing, deletion,
addition, update can be realized. The model layer can be
thought of as the background skeleton of the MVT architecture,
and the View layer as the brain that regulates the functioning of
the architecture. In Figure 5, Figure 6 and Figure 7, a part of the
View layer belonging to the application is shown.

Figure 7: View layer codes

Because this layer contains visual design, user interaction
and information taken from the database. Information from the
View layer is presented to the user via the template language of
Django. Again, one of the advantages of this layer is that it can
run external functions with the "templatetags" structure offered
by Django, so that this layer can call some information needed
without going to the View layer. In Figure 8 and Figure 9,
examples from the Template layer of the application are
presented.

Figure 5: View layer codes
Figure 8: Template layer codes

Figure 6: View layer codes

Figure 9: Template layer codes

One of the strongest features of Django is its Admin panel
structure, which makes the user's work vitally easier, as well as
its MVT architecture. In this way, the created models and
applications are added to the management panel and the
management of the web application becomes very easy.
Introducing models and applications to the management panel
is needed. Adding the model layers created above to the admin
panel will make things easier in the future. Figure 9 shows
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adding models to the management panel and the columns,
search columns, filtering features of the table to be shown in
this panel.

Figure 12: New comment adding screen

Figure 10: Codes for adding models to the admin panel

One of the basic needs while realizing the project is that the
applications created with Django work in harmony on all kinds
of devices. As the screen sizes of phones, tablets or computers
will be different, the Bootstrap library was used in the study to
provide these adjustments. Bootstrap is an open source library
that allows the site to be viewed differently and proportionally
to the size of your device for phone, tablet and desktop
computers [13].
With the web application developed stemmed from this
study, the teachers in charge can register to the system, update
their membership information, examine the opinions of the
classes, examine the students individually, add comments to all
students registered in the school when necessary, update or
delete the opinions they have added, and search for a student
whose name is only remembered. Only the logged in user at the
point of view will be able to realize this operation. In order for
the system to be used comfortably in any environment, the
responsive (flexible) design has been taken into consideration
and the web application has been provided to work in harmony
with all kinds of devices. All these systems are controlled with
the benefits of Django architecture and Responsive design is
provided with Bootstrap infrastructure. The visuals of the web
application are shown in the following figures.

Figure 11: First two of the last views entered into the system

As seen in Figure 11, the opinions made can be filtered
according to the teacher, class, subject and date. The filtering
information is transmitted to the View layer and interpreted
there and transmitted to the Template layer. If the opinions
belong to the relevant user, the opportunity to edit them with
the session control algorithms provided by Django has been
given.

When the user logs in, the new comment adding screen
becomes active and the students of the relevant class are
brought automatically with the help of Django's Smart Selects
module (Figure 12).

Figure 13: Detail screen of a created view

The detail page of the previously created view is shown in
Figure 13. In this way, the user who wrote the view is permitted
to edit or delete the view. Here, the User module of the Django
infrastructure has been used. In order to be understood better by
the users, if the opinion is positive, it is shaded with green, and
if it is negative, it is shaded with red.
III. RECOMMENDATIONS
With the Django architecture used in this study, the
management panel was created automatically, and critical
issues such as database, security and membership processes
were easily realized.
This situation presented that the targets were succeeded and
the efficiency of the work was revealed. When the project,
which was run in the local computer environment, was wanted
to be installed on real servers, it was revealed that not every
company providing server service in the market had Django
support. This problem is expected to disappear with the spread
of Django architecture over time. Another problem met is that
Django projects' initial server setup process is more complex
and difficult than other web applications. However, considering
the many conveniences offered by the system, it has been
concluded that this problem can easily be ignored. Django
developers are expected to update the architecture to avoid
these problems in future projects.
REFERENCES
[1] Anonymous, 2020, Python (programming language) [online], Wikipedia,
Web address: https://tr wikipedia org/wiki/Python_(programlama_language)
[Date of Visit: 10th May, 2020]

E-ISBN: 978-625-44427-4-2

122

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

0DONRo % 2012, Temel BilimleU YH 0KHQGLVOLN (÷LWLPLQGH
[2]
Programlama Dili Olarak Python, Akademik %LOLúLP¶ - XIV Akademik
%LOLúLP.RQIHUDQVÕ%LOGLULOHUL8úDNpp 201-210
[3] Anonymous, 2020, Guido van Rossum [online], Wikipedia, Web
address: https://tr wikipedia org/wiki/Guido_van_Rossum [Date of Visit: May
12th, 2020]
[4] Ayvaz U, Çoban A, Gürüler H, Peker M, 2016, Python Dilinin
g]QLWHOLNOHUL3URJUDPODPD(÷LWLPLQGHYH<D]ÕOÕP'Q\DVÕQGDNL<HUL;9,,, 
$.$'(0ø.%ø/øùø0.21)(5$16,$\GÕQ pp 189-194
[5] Anonymous, 2020, TIOBE Index for May 2020 [online], Tiobe, Web
address: https://www tiobe com/tiobe-index/ [Date of Visit: May 12th, 2020]
[6] Anonymous, 2020, Why Django, Django, Web address:
https://www djangoproject com/start/overview/ [Date of Visit: August 1st,
2020]
[7] .DVDSR÷OX 0 <D]ÕOÕP 7HVW 3ODQODPD 9H 5DSRUODPD $UDFÕ QÕQ
7DVDUODQPDVÕ 9H .RGODQPDVÕ 0DVWHU +DFHWWHSH hQLYHUVLWHVL )HQ %LOLPOHUL
Enstitüsü, 2019
[8] -DYDGL7%DUÕúoÕ1'X\JXVDO7ZLWWHU$QDOL]L6(76&,ISAS 2018
- Ist International Symposium on Innovative Approaches in Scientific Studies,
Antalya, 380-385
[9] $VODQ$%LOJLQ1 2WRPDWLN.RQWURO(÷LWLPL'HVWHNOHQPHVLøoLQ
(WNLOHúLPOL :HE 7DEDQOÕ .RQWURO 8\JXODPDODUÕ *HOLúWLULOPHVL 2WRPDWLN
kontrol Türk Milli Komitesi TOK, Kayseri, pp 17-23
[10] .DUDú ø %D] ø  hQLYHUVLWH %|OP %LOJL Sistemi, Akademik
%LOLúLP¶ - ,;  $NDGHPLN %LOLúLP .RQIHUDQVÕ %LOGLULOHUL 'XPOXSÕQDU
hQLYHUVLWHVL.WDK\Dpp 473-480
[11] (UJLQø$NVHNL% /LVDQVVW(÷LWLPGH.XOODQÕODQg÷UHQFL%LOJL6LVWHPL
(÷LWLPYHg÷UHWLP$UDúWÕUPDODUÕ'HUJLVL -5(7 -380
[12] Özel H, 2018, Django Nedir [online], medium com, Web address:
https://medium com/@halilozel1903/django-nedir-52b29ebb7298 [ Date of
VLVLW0D\ÕV@
[13] Anonim, 2020, Build fast, responsive sites with Bootstrap [online],
Bootstrap, Web address: https://getbootstrap com/ [ Date of Visit: 10th May
2020]

E-ISBN: 978-625-44427-4-2

123

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

Comparison of SISO and I-Metra MIMO
Channel Capacities Under Rayleigh Fading
Channel
F.Yavuz ILGIN1
1

Erzincan Binali YILDIRIM University, Turkey, fyilgin@erzincan.edu.tr

Abstract - In today's wireless communication systems, the
increase in the size of the data has revealed the importance of the
transmission capacity of the communication channels capacity.
The use of multiple antennas to the transceiver and receiver has
emerged as a solution to the transmission capacity. In this study,
it is aimed to compare the channel capacities of MIMO and SISO
communication channels. In addition, For MIMO systems, the
theoretical analysis of the channel capacitance for different
antenna numbers has been made and supported by the simulation
studies

Keywords - Communication channel, Fading channels, MIMO,
OFDM, Rayleigh probability density function.

I. INTRODUCTION
In recent years, it has been observed that the data sizes
transmitted in wireless communication systems have increased
gradually[1]. The main reasons for this increase are the use of
social networking applications, video conferencing and other
wireless communication applications[2]. In order to increase
the transmission capacity of communication channels, some
multiplexing techniques have been proposed[3]. These methods
can send multiple sources from the same channel or apply
different coding techniques to the data. In addition, the use of
multiple antennas in the receiver and transmitter has become a
common method for the efficient use of communication
channels[4]. These systems, called Multiple Input Multiple
Output (MIMO), increase the channel capacity and the amount
of data transmitted by making space diversification[5,6].
Besides MIMO have been produced to reduce the loss of
performance of multi-path fading in wireless communications
and to meet high information rate demands for future wireless
communications with extended spectral efficiency. Much work
has been done for MIMO systems, some of which are based on
channel capacity. Thus, different studies have been carried out
to measure the capacity of the channel. These studies have been
applied to different communication channels for OFDM
systems[4,7]. Spatial correlation effects for MIMO channel
capacity, and studies investigating noise immunity of these
channels, are also available in the literature[8,9].
In this study, MIMO and SISO channel capacity were
calculated theoretically. Theoretical calculations and
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simulation results were made in Rayleigh channel environment.
In addition to evaluate MIMO channel capacity different
antenna combinations were used in the simulation studies.
The remaining of the paper is organized as follows. In
Section II, we describe the communication channel types. The
SISO channel model and its capacity are described in section
III. The MIMO channel model ans its capacity are described in
section IV. The simulation results for studies are given in
section V. In Finally, Section VI concludes the paper.
Throughout this paper, we use boldface letters for matrices
and normal letters for column vector. In addition † means
transpose conjugate.

II

FADING COMMUNICATION CHANNELS

Generally wireless communication channels can be
evaluated in two groups such as large-scale fading and smallscale fading[10]. Large-scale faing is due to path loss and signal
attenuation over long distances. Therefore, the variation of such
attenuation is not instantaneous. Large-scale fading is affected
by evident terrain contours (such as forests, hills, forests,
clumps of buildings, etc.) between the radio transmitter. Such
amplitude changes in the receiver are often described as
“shadowing’’. Large-scale fading statistics provide a way to
calculate the path loss estimate as a function of distance. This
is defined as mean-path loss and average-varying log-normal
distribution[11].
Small-scale fading occurs as a result of small changes in the
spatial position between a receiver and a transmitter. It indicates
random changes in the amplitude and phase of the transmitted
signal. Small-scale fading occurs in two groups, ie the time
propagation (or signal dissipation) of the signal and the variance
behavior of the channel over time. For communication
applications, the channel is time-varying because the motion
between the transmitter and receiver causes changes in the
propagation path. The large scale and small scale fading are
shown in Figure 1. Fading in communication systems varies
according to the distance between the receiver and the
transmitter and the type of the environment. Different channel
models are used in the literature. In section 2, presents some of
the most important channel models.
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D. Nakagami-m fading channel
The PDF of the Nakagami-m distribution is given Equ. 4[14].

( )=

Figure 1. Small scale and large scale fading

A. Rayleigh Fading Channel Model
Rayleigh distribution is often used to model multi-path faing
in situations where there is no direct line-of-sight (NLOS), as
shown in Fig. 2. The Probability Distribution Function (PDF)
for the Rayleigh distribution is given Equ 1[7].

Where DQGīDUHWKHIDGLQJSDUDPHWHUWKDWFDQWDNHYDOXHV
between 0- DQG WKH PRGLILHG %HVVHO IXQFWLRQ UHVSHFWLYHO\
The Nakagami-m distribution represents Rayleigh fading at m
= 0 and non-IDGLQJDWP 7KHUHLVDQLQYHUVHFRUUHODWLRQ
between the fading parameter and the fading intensity. Where
denotes the mean-square value of the fading amplitude.
Nakagami-m distribution is the best probability distribution for
modeling terrestrial and indoor multi-path propagation.

(1)

( )=

Where
=
amplitude.

(4)

( )

is the mean-square value of the fading

B. Nakagami-n Fading Channel Model
The Nakagami-n distribution is also known as the Rice
distribution. It is used to model propagation paths consisting of
a strong line of sight (LOS) component and a large number of
random weak components. The fading amplitude of the channel
is defined by the following PDF[12],
( )=

2(1 +

Receiver

Transceiver

LOS

)

Figure 2. Representation LOS and NLOS
(

)

(2)

2

where n is the fading parameter, which can take values in the
UDQJHRIWRDQG is modified Bessel function of the first
type . The Nakagami-n distribution represents Rayleigh fading
at n= 0 and non-IDGLQJDWQ 

III. SISO CHANNEL MODEL
A communication system consisting of a receiver, transmitter
and communication channel is simply modeled as follows.

C. Nakagami-q Fading Channel Model

=

Nakagami-q distribution is observed in radio channel due to
strong ionospheric clipping. The Nakagami-m distribution is
also known as the Hoyt distribution. The PDF of the Hoyt
distribution is as follows[13].
( )=

2(1 +
q

(5)

+

Where y is received signal. H is channel matrix and n and x are
communication signal and additive White Gaussian noise
respectively. SISO channel capacity is theoretically expressed
as follows.

)
=
(

)

(

)

(1 + |

| )]

(6)

(3)

where q is the fading parameter, which can take values between
0 and 1.
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[

Where
represents the signal to noise ratio in dB. If the
communication channel model is Rayleigh, | | is similar to

125

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

Capture Date Estimation of Historical Images
By Using Deep Learning
Y.CIMTAY1 DQG+*ø/.2

1

HAVELSAN, Image and Signal Processing Group, Ankara/Turkey, ycimtay@havelsan.com.tr
2
Ankara University, Electrical and Electronics Engineering, Ankara/Turkey, ilk@ieee.org

Abstract - The issue of automatic estimation of the capture date
of historical photographs have seldom been discussed in the past.
This paper implements a deep learning-based automatic
prediction method. For the training of deep learning model, we
created an historical image dataset which consists of photographs
which were captured from different cities of Turkey. This dataset
's date interval is from the 1880s to the 2010s. Instead of
extracting specific feature sets like traditional methods do, we
employ a CNN model which can extract hidden and
distinguishing features from raw images. Results show that our
proposed model is superior to human visual inspection.
Keywords – Convolutional Neural Network, Culture, Fashion,
Urbanization, Historical Photos.

I. INTRODUCTION
It is possible to see large datasets in the literature such as
YFCC100M [1] and ImageNet [2] which are widely used for
computer vision applications. This kind of comprehensive and
qualified datasets are crucial especially for deep learning
studies. However, in terms of automatic capturing date
estimation, there is not enough data especially there is lack of
data belong before 2000s. Besides, capturing date estimation
is a challenging and interesting task for historians and states to
use in historical research and some detective issues. Existing
approaches deal with special objects like persons [3,4], or
historical documents [5,6]. In addition, some extends the
dataset and try to develop methods completely based on huge
and rich raw data [7]. In [7] authors believe in that huge
datasets which cover all kinds of concepts is necessary for the
training of convolutional neural networks. In this study, we
collected lots of historical images from different regions of
Turkey. We rely on the dressing style of people, vehicle types
and architectural style of buildings except the historical ones.
II. RELATED WORK
The first study related capturing date estimation of
historical images is conducted in [8]. It is based on
overlapping many temporal images of the same region for
sorting the historical image collection. The study in [9]
focuses on patch groups of street and car scenes in order to
model the style differences across time. The studies conducted
in [5,6] dealt with estimation date of historical documents. [5]
emphasized the importance of contour and strokes in the
documents. Besides, [6] combined convolutional neural
network and optical character recognition. The study in [7]
develops a fully independent deep learning-based system
which is based on using a huge dataset which composed of
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raw historical images. Like [7], the study in [10] combines
various color descriptors to model the historical color film
processes. Like our study, the study in [4] authors model the
diversity of human appearance and dressing style to estimate
the date of photographs.
III. DATASET
In this study we created an historical dataset by using the
historical images which can be found in google. It covers the
date from 1880s to 2010s. The images are from different
regions/cities of Turkey and totally we have 885 images. We
have segmented the human and vehicle regions and increase
the number of images to 3176. Number of images belong to
each 10 years period are given in Table 1.
Table 1: Number of images belong to each 10-years period.

10-Years period

Number of images

1880s
1890s

168
164
208
168
311
291
322
221
297
294
176
224
152
180

1900s
1910s
1920s
1930s
1940s
1950s
1960s
1970s
1980s
1990s
2000s
2010s

The regions which the images are captured from are but
QRW OLPLWHG WR ,VWDQEXO %XUVD (OD]Õ÷ $I\RQ $GDQD 1L÷GH
.RQ\D 7UDE]RQ 7RNDW ø]PLU DQG 0DUGLQ The procedure of
photo selection is,
x Blurred photos should not be selected
x Black-and-White photos can be selected
x Photographs that contain intense noise that will
prevent the details from being seen should not be
selected.
x The label indicating the date of the photograph should
be compared with the real historical development,
photographs that are thought to be given a very
obviously incorrect date should not be selected.
x It should be shown that the photographs taken include
people or transport vehicles (phaeton, horse carriage,
automobile, van, etc.).
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x Attention should be paid to the characteristics of the
building in photographs that do not contain people or
vehicles. Photographs should be selected in which the
buildings are in an architecture suitable for the
historical structure. For example, if there is a
historical building in a photograph (eg. Sumela
Monastery), this photograph should be taken into a
separate group. For example, photos with apartment
buildings increasing after the 70's are suitable to be
selected. Or, photos with mansion style buildings
from older years are suitable for selection.
x Photographs should generally be chosen from city
centers or regions whose development level is not too
low. For example, photographs that include the dress
style of the 1950s in the 1980s should not be selected.
x Photographs should be grouped according to 10-year
intervals. For example, 1900-1910, 1980-1990.
There are totally 37 different cities of Turkey in the
dataset. Three example images are shown in Figure 1 where
“a” is from 1880s, “b” is from 1950s and “c” is from 1980s
and “d” is from 2010s. There are obvious differences in the
clothing styles of humans and the style of cars. Therefore, our
photo selection procedure is very important in terms of
selecting the target imagery, high quality features and so
increasing the classification accuracy.

IV. PROPOSED METHOD
After creation of the dataset, we resized the images to be
256x256 in order to bring a standard for input of proposed
network. We propose a CNN (Convolutional Neural Network)
model. CNN is a state-of-the-art network model which is
superior to traditional methods in terms of data classification,
especially when raw data is used [11]. We applied data
augmentation in order to increase the number of input
samples. After several tries the optimal final network
structure, we use is given in Table 2. It shows the network
layers and the output shape of the data after each layer. We
use a Xception architecture as the base model. The model plot
is given in Figure 2.
Table 2: Layer description of CNN.
Output Shape
i
f
i
X
Gl b lA
P li
dropout

dense

2D

(None, 256, 256, 3)
(None, 8, 8, 2048)
(None, 2048)
(None, 2048)

(None, 5)

The image dataset was split into training and test sets. The
training parameters of proposed CNN is given in Table 3.
Table 3: Training parameters of CNN.
Parameter

Figure 1: Examples photos.
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optimizer

Value
adam

loss

categorical crossentropy

shuffle

True

Number of epochs
batch size

300
64

In order to increase the separability of classes, instead of
using 10-years periods we regrouped the images based on
revolutions and important events happened in Turkey such as
the foundation of Turkish Republic. Therefore, we had 18801920, 1920-1950, 1950-1980, 1980-2000, 2000-2010 date
intervals as 5 classes. We split each group into training and
test sets. We employed a random selection method and split
with ratio of 0.25 and 0.75 to training and test sets
respectively.
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Performance Evaluation of Average and Median
Filters for Gaussian Noise in Ceramic Tile Images
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Abstract— Today, the ceramic tile industry is a very important
sector. After the ceramic tiles are produced, quality control is
carried out to prevent defective products from reaching the
customer. One of the methods used for quality control is the image
processing application. Noise reduction algorithms in the image
processing application are used to reduce noise in the image. In
this paper, we analyze the effects of the average and median filters
on the ceramic tile images with Gaussian noise. First, noisy images
with different noise levels are obtained. Then, the filters with
different properties are applied to noisy images. The filtered
images are analyzed using the quality metric. The results show
that the median filter performs better performance than the
average filter for both low and high noisy images.

II. MATERIALS AND METHODS
In this paper, we employ four types of reference ceramic tile
images, shown in Fig. 1.

Keywords— Image Denoising, Gaussian Noise, Median Filter,
Average Filter, Ceramic Tile

I. INTRODUCTION
When quality control of ceramic tiles is done with image
processing techniques, the computers are used so that human
intervention is minimized or not [1]. The target is to find defects
such as cracks, edges, holes, and pinholes [2, 3]. Many studies
have been done in the literature to detect the defects found in
ceramic tiles [1-13]. The goal is to identify defective products
and classify them if necessary.
For processing the image, first, the captured ceramic tile
image in the RGB format is converted to a gray-scale format.
Then, various operations are performed for more effective
quality control. In the image processing application, one of the
most important operations is the noise reduction operation. The
better the noise reduction performance, the better quality
control.
There is a wide variety of noises in the images. Gaussian
noise arising in an image by factors such as sensor noise,
electronic circuit noise can be modeled as a very common noise.
[14, 15]. The conventional filters such as the average and
median filters are efficient in reducing the noise [14]. The
median and average filters have been used for many noise
reduction applications of ceramic tile images [1, 4, 6].
In this paper, we analyze the effects of average and median
filters on the ceramic tile images with Gaussian noise. We use
two types of average filters with different coefficients and five
types of median filters with different window sizes. Using these
filters, we filter twelve ceramic tile images with different noise
levels. We use peak signal-to-noise ratio (PSNR) as an image
quality metric. Thus, we compare the filters according to their
noise reduction performance.
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(a)

(b)

(c)

(d)

Figure 1: Reference images (a) image 1 (b) image 2 (c) image 3 (d)
image 4

The images shown in Fig. 1 are the gray-scale format and
obtained from the images in the RGB format, based on Eq. (1),
using in the image processing toolbox of MATLAB [16].
rgb2gray=0.2989R + 0.5870G + 0.1140B

(1)

In this paper, we analyze homogeneous images. The images
shown in Fig. 1 do not contain edge information. These images
are reference images. To obtain noisy images, noise is added to
the reference image. In this study, noisy images are obtained by
adding Gaussian noise. Three different noise levels, called
noise level 1, noise level 2, and noise level 3 are used. Noise
level 1 indicates the least noise, while noise level 3 indicates
the highest noise. For example, Fig. 2 shows the noisy images
of image 4 in Fig. 1. Comparing Fig. 2 with Fig1d, the noisy
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image 4 with noise level 3 is the most distorted image among
the images given in Fig. 2.

different coefficients, so some pixels are given more
importance than others. In the window shown in Fig. 4b, the
pixel at the center of the window is multiplied by a higher value
than any other, thus giving this pixel more importance in the
calculation of the average.

(a)
(a)

(b)

(b)

Figure 4: The average filters (a) standard average filter (b)
weighted average filters

After filtering the noisy images, we use PSNR as an image
quality metric. The PSNR is most easily defined via the mean
squared error (MSE) using Eq. (2)
𝑀𝑆𝐸 =

1
𝑚𝑛

𝑛−1
∑𝑚−1
𝑖=0 ∑𝑗=0 [𝐼𝑟 (𝑖, 𝑗) − 𝐼𝑓 (𝑖, 𝑗)]

𝑃𝑆𝑁𝑅 = 10 𝑙𝑜𝑔10 (
(c)
Figure 2: Noisy images of image 4 for (a) noise level 1 (b) noise
level 2 (c) noise level 3

The purpose of the denoising filters is to reduce the noise in
the noisy image and obtain the image most similar to the
reference image. We use two types of denoising filters, median
and average. The median filter uses the middle value in the
window. First, the pixel values in the window are sorted
numerically and then the median value is obtained. Finally, the
central pixel value in the window is replaced with the obtained
median value. An example of median filtering using a 3*3
window size is shown in Fig. 3. In Fig. 3, the central pixel value
of 20 is replaced with the median value 50.

Figure 3: Calculating the central pixel value using the median
filter with a 3*3 window size

The average filters used in this paper are shown in Fig. 4.
Fig. 4a shows the standard average filter, while Fig. 4b shows
the weighted average filter. The standard average filter is used
to average the pixels under the window. All coefficients of the
filter are 1 and the entire image is divided by 9. The weighted
average filter is used to indicate that pixels are multiplied by
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𝑀𝐴𝑋𝐼2
𝑀𝑆𝐸

2

)

(2)

where m and n are the size of the image, MAXI is the maximum
possible pixel value of the image, Ir and If are the reference and
filtered images, respectively. The higher PSNR value indicates
a better quality image after filtering.
III. RESULTS AND DISCUSSION
In this paper, four types of reference images are employed.
Gaussian noise is added to the reference images to obtain noisy
images. Three different noise levels are used; thus twelve noisy
images are obtained. The obtained twelve noisy images are
filtered with two types of average filters shown in Fig. 4 and
the median filters whose sizes are 3*3, 5*5, 7*7, 9*9, and
11*11. Finally, eighty-four filtered and twelve noisy images are
analyzed using the PSNR metric. Fig. 5 shows the PSNR values
versus noise levels for all images.
As shown in Fig. 5, all filters improve the noisy images. Of
all filters, the median filter with a 3*3 window size gives the
worst results. Comparing the median filters, the larger the
window size, the better quality images are obtained for the
images with low noise levels. As the noise level increases,
median filters of different window sizes have almost the same
results. Comparing the average filters, the standard average
filter is either better than the weighted average filter or is almost
the same as the weighted average filter.
When the median and average filters are compared, the
median filter has better performance than the average filter for
the low noise levels. For the high noise levels, the quality of the
images obtained from both kinds of filters is very close to each
other. As a result, the median filter is a good option compared
to the average filter for both low and high noisy images.
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Figure 5: PSNR values versus noise levels
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The larger window size causes more processing time, so the
smallest possible window size should be selected for the
median filter. When Fig. 5 is analyzed, the median filters with
9*9 and 11*11 window sizes give the best performance in the
median filters. Thus, the median filter with a 9*9 window size
can be selected for denoising. Furthermore, the window size
can be further reduced for high noisy images, especially for
applications where processing time is critical.

[15] Thakur, N., & Devi, S. (2011). A new method for color image quality
assessment. International Journal of Computer Applications, 15(2), 1017.
[16] Matlab, Image Processing Toolbox

IV. CONCLUSIONS
In this paper, we analyze the average and median filters to
remove the Gaussian noise in ceramic tile images. The noisy
images with different noise levels are filtered with filters of
different sizes and characteristics. The results show the median
filter has better performance than the average filter for the
reduction of the Gaussian noise in the ceramic tile. Besides, for
applications where processing time is very important, if the
noise level in the image is high, the median filter with a smaller
window size can be preferred.
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Abstract - In this paper, an antenna is designed that is aimed to
be able to operate at all three sub-6 GHz frequency bands (2.5 GHz
band, 3.5 GHz band and 3.7-4.2 GHz band) specifically allocated
for fifth generation (5G) communication. The proposed patch
antenna has an eye shaped radiator and it is fed by a microstrip
transmission line. The size of the radiator element, the width of the
transmission line and the length of the ground plane are
determined precisely in order to cover the abovementioned three
frequency bands. A substrate material with a relative permittivity
of 2.2 is preferred with a copper thickness of 0.035 mm. The
-10 dB)
presented antenna has an operating bandwidth (S11
from 2.195 GHz through 5.095 GHz. It corresponds to a fractional
bandwidth of 80%. Besides its wideband property, the antenna has
a radiation efficiency that varies between 87% to 96% throughout
the operating frequency band. Furthermore, the proposed
antenna has a size of 50 mm × 43 mm and a maximum realized
gain of 3.2 dBi. It has an omni-directional radiation pattern at the
resonance frequency of 4.2 GHz. Finally, the multi-input multioutput (MIMO) design (4×4) of the antenna is also analyzed and
great isolation is observed between the two elements which are
positioned perpendicular to each other. As a result of all these
analyzes, one can say that this antenna is convenient to be used for
sub-6GHz bands of 5G applications.

Keywords - Fifth generation (5G), sub-6 GHz, multi-input multioutput (MIMO) antenna.

T

I. INTRODUCTION

HE necessity in high data rate and wide bandwidth wireless
communication systems have arisen with the increase in the
number of mobile users and in the size of shared data among
these users. Fifth generation wireless networks are developed
to fulfill these demands. However, there is still an uncertainty
in many aspects of this technology. For example, the operating
frequency haven’t determined yet by the authorized institutions
in many countries.
5G frequency bands are mainly classified into two as sub-6
GHz bands and millimeter (mm) wave frequency bands.
Although an increase in operating frequency brings the benefits
of wider bandwidth and higher data rate, it has a disadvantage
of shorter-range usability due to higher attenuation. The mm
wave frequency bands are 28 GHz, 38 GHz, 45 GHz, 60 GHz
and 70 GHz [1]; whereas the sub-6 GHz frequency bands are
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listed as 2.5 GHz, 3.5 GHz and 3.7-4.2 GHz. Different antenna
designs are reported in [1-11] for different operating
frequencies. Capability of multi band is an important feature in
antenna designs. It prevents using a second antenna for another
frequency. Therefore, a multi band antenna decreases the
operating costs as well.
Microstrip patch antennas are the most preferred antenna
types thanks to their ease in fabrication, compact size and low
cost. In [4], a super wideband antenna was designed that
operates in 2.59 GHz to 31.14 GHz range. In addition, the radar
cross section calculation was also performed for the presented
antenna. A quad band 5G antenna was reported in [9], where
the presented antenna operated at 28, 38, 45 and 60 GHz
frequencies. Frequency selective surface technique was applied
to an end fire antenna that operated at 28 GHz 5G band in [8].
A dual band (28 GHz and 45 GHz) elliptical slot patch antenna
was presented in [1]. The presented antenna had an efficiency
of 85% and 95%, respectively. Another dual band antenna was
proposed in [10], the proposed antenna in this study was a dualfeed antenna and it was designed to operate at 38.5 and 73.5
GHz frequencies. The gain and fractional bandwidth values at
the abovementioned frequencies were 2.9 and 3 dBi; and 13%
and 14%, respectively. In [7], an antenna was designed to
operate at sub-6 GHz bands. That antenna was also capable to
perform a tri-band band notch character after a few minor
changes in the design. Other 5G antennas operating at sub-6
GHz bands were analyzed in [3] and [2]. In [3], a wideband
MIMO antenna design was presented; whereas a low-profile
dual band antenna was reported in [2]. A flexible coplanar
waveguide fed transparent antenna was proposed in [5]. It had
a 76% transparency and 42.2% fractional bandwidth
percentage. Although all these abovementioned studies are
related to 5G antenna applications, some of them only cover the
mm wave frequency bands (28, 38, 45, 60 GHz), some have a
complex design, some have low efficiency value and some do
not cover the all three sub-6 GHz bands.
In this study, a low profile, highly efficient, wideband
microstrip antenna is designed that covers all the 2.5 GHz, 3.5
GHz and 3.7-4.2 GHz frequency bands separated for sub-6 GHz
5G applications. The proposed antenna has maximum gain and
efficiency values of 3.2 dBi and 92%, respectively. It has an
operating bandwidth from 2.2 GHz to 5 GHz which
corresponds to 23% fractional bandwidth percentage.
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Furthermore, the 2×2 MIMO condition of the antenna is
analyzed as well and great performance results are observed
from the simulations.
II. DESIGN AND PARAMETRIC STUDY OF THE ANTENNA
The proposed antenna design has an eye shaped radiator and fed
by a microstrip transmission line. The sizes of the elliptical ring
radiator and the circle inside it are determined specifically to
resonate at the desired frequency. Moreover, the width and
length values of the transmission line are also assigned to set
the impedance matching of 50 Ohms [12]. The designed
antenna structure is given in Fig. 1 with its top and bottom
views. Grey parts represent the copper that has a thickness of
0.035 mm and the white sections are the substrate. Table 1
presents the dimensional values of the designed antenna
structure. Rogers RT5880 material is used as a substrate with a
thickness of 1.575 mm. It has a dielectric constant of 2.2 and a
loss tangent of 0.0009. The presented antenna element has a
total size of 50 mm×43 mm×1.645 mm.

(a)

(b)

Figure 1: Top and bottom view of the designed antenna structure.
Table 1: Antenna dimension parameters.
Parameter

W

L

Lground

Lf

Wf

R1

R2

R3

R4

Value
(mm)

50

43

11.5

11

5

20

14

14

8.2

A parametric study is performed to justify the optimum
antenna dimensions in Fig. 2, where the return loss (S11) versus
frequency graphs are plotted for analyzes. The width of the
feeding line is varied from 4 to 6 in Fig. 2(a). As seen from the
graph, increasing the width shifts the graph to the left and the
optimum result is obtained with 5 mm value. In Fig. 2(b) the
ground plane length is analyzed. It is observed that increasing
the ground plane length shifts the curve to the right and more
importantly, the widest bandwidth is achieved with the value of
11.5 mm. Another parametric study is simulated for substrate
thickness and its effect on return loss are shared in Fig. 2(c).
RT5880 material is available with 1.575 mm and 3.175 mm
values. When both are compared, it is observed that the sub-6
GHz bands are covered with 1.575 value. On the other hand, a
dual narrow band characteristic is appeared with 3.175. The
return loss graph for different substrate materials are plotted in
Fig. 2(d). The default RT5880 material is compared with FR-4,
glass and RO4003 materials with their available thicknesses in
market. Again, the best and desired result is obtained with the
default RT5880.
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(c)

(d)
Figure 2: Return loss versus frequency curves for different (a) feed
line widths, (b) ground lengths, (c) substrate thicknesses and (d)
substrate materials.
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III. SIMULATION RESULTS
The simulation results of the antenna are performed with the
help of CST Microwave Studio 2018 [13]. The first analysis is
performed for return loss. Fig. 3 depicts the frequency versus
return loss graph. It is observed from the graph that the antenna
10 ) of 2.9 GHz
has an impedance bandwidth (
between 2.195 GHz to 5.095 GHz. Such an operating frequency
band covers all three previously mentioned sub-6 GHz bands.
Furthermore, the proposed antenna has a fractional bandwidth
percentage of 80%, which is an excellent result once compared
with the values in [1-3] and [5-11]. All these outputs confirm
the single wideband characteristic of the antenna. In addition,
the antenna has a resonance at 4.2 GHz frequency, where S11
value decreases down to -37 dB.

Figure 5: Realized gain of the antenna.

Radiation pattern of the antenna also needs to be investigated
for a proper analysis. Fig. 6 represent the radiation pattern in
polar form for E and H-planes. As seen from the graphs the
antenna has an omni-directional radiation characteristic at the
resonance frequency of 4.2 GHz, especially for its E-plane. This
indicates that it nearly transmits/receives equally in all
directions.

Figure 3: Return loss versus frequency graph.

The radiation efficiency and realized gain graphs are plotted
in Fig 4 and Fig. 5, respectively. As seen from Fig. 4, the
efficiency of the single antenna element is well above 87% in
the operating frequency range. It has its maximum value of 96%
at 4.6 GHz. This is a high efficiency result in comparison to
other single element antenna designs. Moderate gain results are
obtained from the simulation with the maximum value of 3.2
dBi at 5.05 GHz. Furthermore, one can say that the average gain
value throughout the 2.195 to 5.095 GHz range is around 2.25
dBi, which is acceptable for an omni-directional characteristic
antenna.

Figure 6: Radiation pattern at the resonance frequency.

IV. MIMO ANTENNA
MIMO antennas are frequently implemented in wireless
communication systems thanks to their ability in increasing
data capacity. The 4×4 MIMO antenna configuration of the
proposed design is given in Fig. 7. As seen from the figure, the
four antenna elements are positioned perpendicular to each
other to prevent mutual coupling between them. Moreover, the
MIMO antenna has a size of 73 mm×73 mm and it is designed
by using the same 1.575 mm thick RT5880 substrate.

Figure 4: Radiation efficiency of the antenna.
Figure 7: 4×4 MIMO antenna structure.
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S-parameters are plotted in Fig. 8 for 4×4 MIMO structure.
The return loss (S11, S22, S33, S44) and insertion loss (S12, S13,
S14, S21, S23, S24, S31, S32, S34, S41, S42, S43) curves are generally
used to determine the operating bandwidth and isolation
between the antennas, respectively. As seen from the figure, the
isolation between the antennas are below -18 dB within the
operating frequency range. It indicates that the isolation
between antennas are maintained successfully.

[8]

[9]

[10]
[11]

[12]
[13]

M Mantash, A Kesavan and T A Denidni, “Beam-Tilting Endfire
Antenna Using a Single-Layer FSS for 5G Communication Networks,”
IEEE Antennas and Wireless Propagation Letters, vol 17, no 1, pp 2933, 2018
T Okan, “Design and analysis of a quad-band substrate-integratedwaveguide cavity backed slot antenna for 5G applications,”
International Journal of RF and Microwave Computer-Aided
Engineering, vol 30, no 7, e22236, 2020
S Li, T Chi, Y Wang and H Wang, “A Millimeter-Wave Dual-Feed
Square Loop Antenna for 5G Communications,” IEEE Transactions on
Antennas and Propagation, vol 65, no 12, pp 6317-6328, 2017
J Park, J Ko, H Kwon, B Kang, B Park and D Kim, “A Tilted
Combined Beam Antenna for 5G Communications Using a 28-GHz
Band,” IEEE Antennas and Wireless Propagation Letters, vol 15, pp
1685-1688, 2016
C A Balanis, Antenna theory: analysis and design New York: J Wiley;
2005
CST Microwave Studio Suite 2018, CST Inc

Figure 8: S-parameter analysis of MIMO antenna.

V. CONCLUSION
An eye shaped microstrip fed antenna is proposed in this
study that has an operating bandwidth from 2.195 GHz to 5.095
GHz (80%). Therefore, it covers the all three sub-6 GHz 5G
bands. Beside its wide bandwidth, it also has a high maximum
radiation efficiency of 96%. As a future work, it is planned to
fabricate the antenna and perform its experimental
measurements with a vector network analyzer to properly
validate its compatibility.
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A Passive Sensor Design for Structural Health
Monitoring by using Frequency Selective
Surfaces
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Abstract - Structural health monitoring (SHM) aims to ensure
detection and prevention of damage such as tilting, crack,
movement, etc. in civil structures. Bridges, buildings, highways,
tunnels, power plants, and dams are among the application areas
of SHM. In this work, a novel frequency selective surface (FSS)
geometry which acts as a passive sensor for tilt angle detection at
civil structures is presented. FSSs are periodic conductive
geometries which act as spatial filters. The proposed FSS sensor
can be mounted on the exterior and interior surfaces of the
buildings. The tilt angle of civil buildings can be detected from 10
to 60 degrees by using proposed FSS sensor.
Keywords - Absorber, Frequency Selective Surface, FSS,
Periodic Structures, Structural Health Monitoring, SHM, Tilting

T

I. INTRODUCTION

he structural health monitoring (SHM) systems are
installed on bridges, building, highways, tunnels, power
plants, and dams to improve the capacity of damage detection
[1]–[3] . Many types of sensors have been developed to monitor
structural health conditions. These sensors are divided into two
types: active and passive sensors. Active sensors are commonly
used for monitoring system in SHM to detect any movement or
structural changes such as stress and tension. By using active
sensors, power consumption and high cost for maintenance is
required to perpetuate the performance. Passive sensors have
the advantage of easier installation and maintenance compared
to active sensors, and no power consumption.
FSSs are periodic conductive geometries which behave as a
frequency selective filter [4]–[7]. Their frequency behavior
depends on their geometries, the parameters of these
geometries, the properties of the dielectric layers on which they
are mounted, and the frequency, polarization and incidence
angle of the incoming electromagnetic waves. Antennas,
reduction of electromagnetic interference, absorber surfaces are
some of the application areas of FSSs. The use of FSS as a
sensor in SHM is another important research topic [8]–[10].
FSS sensors are mounted to the surface of existing structures in
order to monitor normal and shear strain damages, or in case of
layered structures to detect delamination. Since FSS response
depends on its geometry and to the incidence angle of the
incoming electromagnetic wave, any deformation at civil
structure leads to a change on FSS's frequency response. By
measuring the deviations in frequency response of FSS, the

E-ISBN: 978-625-44427-4-2

damage or deformation of civil structures can be calculated.
This work proposes an FSS-based passive sensor for SHM,
which is mounted on the surfaces of the civil structures. The
ground of the FSS sensor is covered with a conductive layer to
isolate sensor from the civil surface. Therefore, the frequency
response of the FSS sensor is stable against to the changes in
the electrical properties of the surfaces of civil structures.
Proposed FSS sensor geometry has highly sensitive to
incidence angle response and tilting angle of civil buildings can
be detected from 10 to 60 degrees.
The use of FSSs in SHM is a new research topic. 3D FSS
geometries are proposed as a passive sensor with high
sensitivity to incident angles to be apply in SHM system [2] and
[8]. In [11] a new application of FSSs is discussed as a potential
inspection method for detection of delamination in layered
structures. A strain sensor which is isolated from the surfaces
of civil structures is presented in [9] by using FSS geometries.
To the best of the authors knowledge, except this work, there is
no tilting FSS sensor in the literature which isolates FSS
structure from the surfaces of civil structures.
This paper is organized as follows. Section II describes the
design steps and presents the simulation results. Section III
discusses the results.
II. DESIGN & SIMULATION
The aim of this work is to design an FSS sensor for detection
the tilting angle at buildings, bridges, dams, remotely. The
resonance frequency of FSS depends on the incident angle of
the incoming electromagnetic wave [4]. As shown in Figure 1,
the angle of incidence angle of FSS is same to the angle of
tilting of building. The FSS sensor to be designed is on the
exterior or interior surfaces of the buildings. Therefore, the
occurred tilt angle at civil structures leads to change on
frequency response of FSS. In this work, a passive SHM sensor
design is utilized by using this feature of FSS.
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The tilting angle of civil structure leads to a proportional
(linear) change at resonance frequency of FSS sensor. The
"Square Loop" geometry has been chosen for its suitability for
this purpose.
Analyses and optimization of the FSS sensor is performed by
Ansoft HFSS 19.1 software. Parametric analysis feature of
Ansoft HFSS software is used in the optimization stage.
Figure 3 and Figure 4 shows the obtained reflection coefficient
(S11) results ranging from 00 to 500 of incidence angles for TE
(Transverse Electric) and TM (Transverse Magnetic)
polarizations, respectively.

Figure 1: Tilted building

At the first design stage, “Square Loop” element geometry
(Figure.2a) is selected as the initial FSS geometry due to having
polarization insensitivity and simple in structure. FSS sensor
(Figure.2b) is then formed by printing “Square Loop” FSS
geometry on the other side of the 1.6mm FR4 ( =4.4) substrate
coated with conductor. 1.6 mm FR4 substrate is selected to
easily perform prototype fabrication at the design.
The electrical properties (dielectric permittivity, loss tangent,
etc.) of the civil surfaces depend on parameters such as cement
density, moisture content etc. The deviations on these
parameters lead to changes on the frequency response of FSS
sensor. The frequency response of the FSS sensor must be
stable to the changes in the electrical properties of the surfaces
of civil structures. Therefore, in this work, the ground of the
FSS sensor is covered with a conductive layer to isolate sensor
from the surface.

Figure 2: Unit cell and parameters of the FSS: (mm) p=25, d=24,
w=1.4, and h=2 (a) Top view (b) Perspective view.

Transmission parameter (S21) of the FSS sensor is equal zero
due to the existing of conductive ground layer. The surface
impedance of FSS sensor (Zin) depends on its geometry and its
parameters and to the FR4 substrate itself [4], [12]. According
to Eq.1 [13], reflection coefficient is controlled by the FSS
sensor geometry and by the FR4 substrate itself. Z0 denotes the
free space impedance of the vacuum in Eq.1. Therefore, by a
proper optimization stage, surface impedance of the proposed
FSS is optimized to have a resonance frequency between 1 GHz
to 2 GHz frequencies.
=(

) (

+

)
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Figure 3: S11 simulation results (TE polarization)

Figure 4: S11 simulation results (TM polarization)

According to the simulation results, minimum 20 dB
reflection coefficient attenuation is achieved which is enough
for measurement purposes. The resonance frequency deviation
of the reflection coefficient with respect to the angle of
incidence is seen in Figure 5 and Figure 6 for TE and TM
polarizations, respectively.

(1)
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Figure 5: Resonance frequencies of S11 for different incidence angles
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Figure 6: Resonance frequencies of S11 for different incidence angles
at TM polarization

According to the simulation results, it is seen that the
resonance frequency change of FSS is linear with the change of
incidence angle. Therefore, the proposed FSS sensor can
measure tilting angles between 10 degrees to 60 degrees.
III. CONCLUSION
The deviation of resonance frequency of the proposed FSS
with respect to incidence angle is almost linear between 100
degrees to 600. The proposed design is also very thin (2mm)
and can be easily mounted on structural surfaces. Tilting angle
in structures can be easily detected remotely with the proposed
design. However, as an important deficiency, tilting angles
between 0 and 10 degrees cannot be determined.
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Memristor Based PD Controller Design and
Application on a Ball and Beam Control System
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Abstract - In this study, a memristor based PD (Mem-PD)
controller is designed and the performance of the controller is
tested in the simulation model of the beam and ball (Ball and
Beam) control system. In the proposed control structure, the
position of the ball in the primary part called the outer loop is
controlled by changing the angle of the beam. In the secondary
part, called the inner loop, voltage is generated that will
determine the proper position angle of the servomotor to adjust
the position of the beam. In addition, the use of Memristor, which
has attracted increasing attention in recent years, in the field of
control systems has been tested. The simulation results show that
the designed controller successfully performed reference
tracking.
Keywords – PD Control, Memristor, Ball and Beam, MemPD.

M

I. INTRODUCTION

EMRISTOR, first proposed by Leon Chua in 1971 as a
lost circuit element, was defined as a memory resistor
[1]. After the memristor was produced in HP laboratories in
2008, it became more popular and its popularity increased [2].
In order to create this circuit element, first, silicon dioxide or
titanium dioxide is obtained by using titanium and silicon
semiconducts and oxygen atoms, and by using any of these
compounds, the internal structure of the memristor is formed.
As the current flows through the memristor, the oxygen spaces
in the doped titanium dioxide layer slide towards the direction
of the current, that is, pure titanium dioxide, as a result, the
pure titanium dioxide range narrows. The spacing length of
doped titanium dioxides increases and the boundary between
TiO2 film layers changes, causing the resistance to change. In
the absence of current, the doped and pure TiO2 layers
maintain their gap levels. In the opposite case, that is, with the
negative flow of current, the oxygen spaces move towards the
doped layer. Then the pure TiO2 layer increases its width,
causing an increase in resistance. Until today, many studies
have been carried out in different fields by using memristor
models and emulator circuits [3-9]. In addition, studies were
using memristor in the field of control systems have become
widespread in recent years. Delgado stated in his study that the
Memristor can be used as an adjustable gain for closed loop
systems. Also it has been stated that the memristor acts as a
linear resistor at high frequencies [10]. Wnag et al. [11]
presented a mathematical model of an M-PID controller by
replacing a resistance of a conventional PID control circuit
with a memistor. They stated that the M-PID controller
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behaves faster and stronger in terms of dynamic performance
compared to the traditional PID device. Wang et al. [12]
addressed the problem of finite-time stabilization of memistorbased delayed neural networks (MDNNs) through two control
approaches in their study. Lu et al. [13] presented selfadjusting PID circuits with voltage and current controlled
memristor in their work. In addition, simulation and
experimental results are presented to show that the structure
with memristor has a more suitable robustness than traditional
PID controller. In a study in which parameter update rules of
voltage and current controlled memristors were discussed
[14]; The performance of the closed loop system (DC / DC
power convertor) was tested under the control of the
memristor based adaptive PI controller. With simulations and
experimental results, it is stated that the controller parameters
can vary with the operating point of the controlled system
compared to the traditional PI controller, so the proposed
controller is more robust and is suitable for scenarios with
large power supplies and load disturbances. In another
controller design application made with memristor [15];
Simulation study of temperature profile tracking control in
heat flow system using memristor based PI controller is
presented. The success of the Mem-PI controller, which is
obtained by using memristor instead of the gain resistor in
traditional PI controller, is presented with simulation results.
Ball and Beam experimental setup is a system widely used
in many university laboratories to show students the
applications of control algorithms [16-19]. The purpose of this
system is to control the position of the ball on the beam.
In this study, in order to test the usability of the Memristor
in the field of control systems, the traditional PD controller
was redesigned using a memristor and the Mem-PD controller
obtained was applied to the Ball and Beam system. Simulation
results are presented to demonstrate the recommended
controller success.
II. MODELLING OF BALL AND BEAM SYSTEM
The ball and beam experimental setup system was designed by
Quanser, and information about the system is clearly described
in their documentation [20]. The schematic diagram of the
ball and beam system is shown in Fig. 1. Here mb is the mass
of the ball, rb is the radius of the ball, Ȗb is the angle of the
ball, x is the position of the ball, Į is the angle with the beam
axis, gb is gravitational acceleration and Jb is momentum.
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Figure 2: Schematic diagram for PD controller using operational
amplifier.

The following statement can express the relationship
between the current and voltage of the Memistor.
V (t )

R (t )i (t )

Figure 1: Free body diagram of the Ball and Beam system.

In the light of Ref. [20] the linearized acceleration equation
of the ball can be obtained as follows.

x(t )

mb g sin D (t)rb2
.
mb rb2  J b

(1)

The relationship between the angle of the servo motor șl(t)
and the length of the beam Lbeam can be expressed as follows,
considering the servo dynamics.
sin D (t )

sin T l (t ) rarm
.
Lbeam

(2)

Here, the rarm is the distance between the plated joint and
the output gear shaft. The relation mentioned in (2) can be
added to the nonlinear motion equation found in [20]. The
final form of the dynamic equation of the ball beam system
after mathematical manipulation is as follows.

x(t )

mb gTl (t )r r
.
Lbeam ( mb rb2  J b )
2
arm b

(3)

dM
i (t ).
dQ

(6)

Here, Q and ĳ denote charge and flux, respectively. The
ratio of flux to charge is called memristance and refers to the
resistance of the memristor. The relationship between current
and voltage in TiO2 memistor has been proposed by the HP
research group [7] as follows.
X (t )
X (t ) º
ª
« RON D  ROFF (1  D ) » i (t ).
¬
¼

V (t )

(7)

In the above equation, RON and ROFF refer to high and low
resistance values, respectively. X and D indicate and doped
area and the thickness of the TiO2 memristor, respectively.
Resistance value, which depends on the direct change of the X
value, is defined as:
dX (t )
dt

Pv

RON
i (t ).
D

(8)

Here μv refers to the mobility of the memistor. Memistors
show a stuck hysteresis voltage-current relationship when a
sinusoidal signal is applied, and there is an inverse ratio
between frequency and nonlinearity as shown in Fig. 3.

III. CONTROLLER DESIGN
If xd is the desired position and x is the current position,
position tracking error of the Ball and Beam system for the
controller design can be defined as follows.
e(t )

x(t )  xd (t ).

(4)

The PD controller designed using op-amp is shown in Fig.
3. The capacitor in the circuit is used to store charge and
represents the differential equation of the input. In the PD
controller circuit, the output u(t) can be written as below;
u (t )



R2
d
e(t )  R2 C e(t ).
R1
dt

(5)
Figure 3: Memistor current-voltage relationship for various
frequencies [7].

To achieve the Mem-PD controller, we can replace R2 with

E-ISBN: 978-625-44427-4-2

144

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

a memistor in the circuit given in Fig. 2. In this way, the
circuit belonging to the Mem-PD controller will be as in the
Fig. 4 below.

Figure 4: The Mem-PD controller circuit

Considering (5), (6) and (7), if the control signal u(t) in the
circuit given in Fig. 4 is rewritten;

u (t )

X (t )
X (t ) º
ª
«¬ RON D  ROFF (1  D ) »¼
e(t )

R1

Figure 6: Simulation result of Ball positon of the Ball and Beam
system using PD and Mem-PD controllers

(9)

X (t )
X (t ) º d
ª
) C
e(t ).
 « RON
 ROFF (1 
D
D »¼ dt
¬

Considering Ref. [20], the block diagram of the position
control of the Ball and Beam system with Mem-PD control
approach is given in Figure 5.

Figure 7: Servo angles for PD and Mem-PD controller
Figure 5: Position control of the Ball and Beam system using
Mem-PD controller

IV. SIMULATION
In this section, to test the performance of both the
conventional PD controller and the designed Mem-PD
controller, a square wave position reference signal with
sudden changes was applied to the ball and beam system and
the simulation results were obtained and given in Fig. 6-8.
When the Fig. 6 showing the position of the ball is
examined, it is observed that both controllers show
approximately the same performance. However, according to
the zoomed image, it is seen that the Mem-PD controller
reached the reference 0.4 seconds earlier than the PD
controller.
In the graph showing the servo angles and given in Fig. 7,
especially during the sudden changes in the 5th and 10th
seconds, the PD controller has 3% more overshot than the
Mem-PD controller.
Fig. 8 shows the control signals of both control devices.
Although similar signals are generated, the amplitude of the
control signal of the PD controller is 2% more than the control
signal amplitude produced by the Mem-PD at the sudden
change moments.
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Figure 8: Command signals for PD and Mem-PD controllers

V. CONCLUSION
In this study, a memristor based PD controller is proposed.
The control structure was achieved by using a memistor
instead of the gain resistor in the traditional PD controller
circuit. The performance of the designed Mem-PD controller
was compared with the traditional PD controller, and the
simulation results showed that the proposed controller was
successful in both reference tracking and error recovery. In
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future work, it is planned to test this controller in a real time
experimental setup.
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Abstract - In Turkey, where annual solar energy potential is
380GWh, the amount of electrical energy that can be obtained by
placing PV panels with optimum tilt angle is around 1.239kwh /
1kwp. One of the most effective methods of obtaining maximum
level of electrical energy from PV panels is determining the
optimum tilt angles and orientation angles of PV panels.
In order to obtain the highest possible amount of electrical
energy from PV panels for Konya province, two experimental
setups, one of them is fixed and the other one is mobile, were
established to determine the most appropriate Azimuth and Tilt
angles. While the tilt of the panels can be changed from 00 to 600
with 15 degrees intervals, the azimuth angle can be changed by
10 degrees intervals. In order to calculate the electrical energy
produced by the panels, current and voltage data is
instantaneously collected from the experimental setup via
invertors. Relationships between power outputs of PV panels
according to the tilt and azimuth angle can be examined. In
addition, the global radiation value is measured with the
Pyranometer installed on the contraption. Moreover, ambient
and panel temperatures are recorded simultaneously. The
measurements are recorded with the help of a Data Acquisition
card.
Keywords – PV Panel, Tilt Angle, Azimut Angle, Optimum
Position

I. INTRODUCTION
Energy consumption is increasing day by day due to
technological developments in the world and Renewable
Energy Resources are used to meet the demand. The common
feature of all systems established to benefit from solar energy
is based on making maximum use of the radiant energy of the
sun. In photovoltaic applications all over the world, fixed
mounted PV systems are installed in accordance with the
latitude angle of the current location. In such applications, the
total radiation values on the horizontal surface are taken into
consideration.
When the potential solar energy atlas published by the
General Directorate of Renewable Energy is examined, it is
seen that Konya is the leader of the places with the highest
solar radiation value. Konya is geographically located
between 36.41' and 39.16' north latitudes and 31.14' and 34.26'
east longitudes. Konya's solar energy potential reaches to the
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values above the averages of the year, especially in the spring
and summer months. One of the important parameters
affecting the performance of a solar panel is the tilt angle to
the horizontal, this is because changing the angle of tilt
changes the amount of sunlight reaching the panel surface.
There are many studies on solar systems in the literature. A
mathematical model is used to determine the optimum tilt
angle and direction (surface azimuth angle) of the solar
collector in Brunei Darussalam. It reveals that rotating the tilt
angle 12 times a year (by using the monthly average optimum
tilt angle) maintains the total amount of solar radiation
approximately same as the maximum value obtained by
rotating the tilt angle daily to its optimum value [1]. For five
cities in different geographical locations in the United States,
the Perez radiation model of solar radiation coming to inclined
surfaces is simulated by fixed, azimuth tracking and biaxial
tracking of the PV panels. It has been observed that higher
radiance values are obtained when single axis azimuth
tracking is performed instead of a fixed panel facing south at
optimum tilt angle. They found that adding a second tracking
axis for tilt tracking in addition to the azimuth axis resulted in
a 5% increase in irradiation compared to azimuth tracking [2].
It is aimed to determine the optimum tilt angle for PV panels
in the Athens region, especially in summer. Experimental
research was conducted for the entire summer period. In this
context, whether the tilt angle of the panel differs from the
expected optimum value, the study of its effect is emphasized,
and accordingly, the results obtained are interpreted on the
basis of the determined solar geometry equations [3].
A mathematical model was used to estimate the optimum
tilt angle required for mounting the PV panel and to determine
the total solar radiation on the tilted PV surface. Authors
estimated the optimum tilt angles by studying the total
radiation values on the PV surface. They also compared the
energy gain of a fixed PV system and a two-axis mobile
system and determined the optimum tilt DQJOHV IRU ùDQOÕXUID
[4]. A study to determine the optimal tilt angle measurement
data using solar radiation was carried out in major cities of
Turkey. The optimum tilt angle was calculated from 0o to 90o
using the periodic daily total solar radiation data on inclined
surfaces in 10o intervals. It has been observed that the
optimum panel tilt angle for these provinces throughout the
year varies between 0o and 60o [5]. Using the diffused
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UDGLDWLRQ PRGHOV JLYHQ LQ WKH OLWHUDWXUH IRU ùDQOÕXUID WKH
diffused radiation values in the horizontal plane were
calculated and the results obtained from the models were
compared with the measurement data. Hourly horizontal total
and diffused solar radiation data collected from 7-year
measurement results obtained from solar tracking system and
VRODU UDGLDWLRQ PHDVXUHPHQW V\VWHP LQ ùDQOÕXUID +DUUDQ
University Mechanical Engineering Department were used.
[6].
As can be seen when the studies on the calculations of the
radiation on the tilt are examined, one of the most effective
methods of obtaining the maximum annual energy from the
PV plant is possible by determining the optimum tilt angles
and orientation (azimuth) angles of the PV panels well.
Moreover, it is necessary to know the solar radiation data of
that region during the design and installation process of solar
energy systems [7]. The tilt angle of a solar energy system is
one of the most important parameters to capture the maximum
solar radiation falling on solar panels [8]. Solar panel tilt angle
is location-specific as it depends on the daily, monthly and
yearly displacement of the sun. In calculating the tilt and
orientation angles of PV panels, monthly average values of
daily solar radiation on the horizontal plane are generally used
and these data are available for many places around the world.
However, radiation data, usually on inclined surfaces, are not
available [9]. Therefore, mathematical models have been
developed to predict irradiance data on inclined surfaces [10].
When installing solar PV systems, panels are positioned facing
south and equator in the northern hemisphere, and facing north
in the southern hemisphere [11]. In this way, the maximum
level of solar radiation is collected on the panels [12]. In
experimental studies, while determining the optimal tilt angle
for PV modules, the panels were generally placed facing south
direction for the northern hemisphere [13].
In this study, an experimental setup was established in order
to form a solar radiation model specific to Konya by using
both the radiation values coming to the horizontal plane and
the radiation values coming to the inclined surface. Two
experimental setups, one of which is fixed and the other one is
mobile, were assembled. 310-Watt panels with 5
monocrystalline cell structures were used in the experimental
setup. The generated electrical energy is transferred to the
network by Micro inverters. Radiation pyranometers are
mounted on the setup at the same tilt as the panels. Panel
temperature sensors are mounted in the lower part of each
panel. In addition, a temperature sensor is placed in the
environment where the panels are located and the ambient
temperature is recorded. Thanks to the experimental setup, not
only the tilt angle of the PV module but also the its azimuth
angle can be observed experimentally.
II. MATERIAL AND METHOD
The tilt and orientation angles of PV panels used in the
installation phase of solar power plants are important, because
if the panels are not positioned at appropriate angles and
directions, the energy production efficiency of the panel will
be low since they will not be exposed to sufficient solar
radiation. So, the amount of electrical energy obtained from
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the entire power plant will also be low. For this reason, in
order to obtain the highest level of efficiency from PV panels,
it is of great importance that they are placed at tilt and azimuth
angles where they can receive higher radiation.
A. Experimental Setup
Two experimental setups, one of which is fixed and the other
one is mobile, were assembled. As shown in Figure 1, the
fixed panel was placed in the south direction at 0o azimuth
angle and at a tilt angle between 36o and 39o (30o). These
angles are for the latitude values where Konya is located.

Figure 1: Fixed PV panel

Figure 2: Movable PV panel to set tilt and azimuth angle

As can be seen in Figure 2, the other experimental setup
was designed taking into account the compulsory distances
between the panels and mechanical constraints to prevent
cloudiness. It consists of 4 panels placed at different tilt angles
on a structure where the azimuth angle can be adjusted in
south-east and south-west directions. With this structure, it
will be possible to obtain radiation values at 4 different tilts
for the same azimuth angle. In the mobile system, the tilt angle
of the PV panels is in range between 0o and 60o with a
difference of 15o between each other. Azimuth angles can also
be adjusted to be 0o to the south, 60o to the east and 60o
degrees to the west. The azimuth angle increase rate is in the
form of angle changes of 10o. As seen in Figure 3, the
experimental test setup includes a radiation pyranometer with
a module temperature sensor and an ambient temperature
sensor to measure temperature values.
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Figure 3: Placement of radiation pyranometers, panel temperature
and ambient temperature sensors on the module

B. Data Acquisition and Analysis
The current, voltage and power values generated by each
panel are recorded on the portal provided by the inverter
company by means of micro inverters. In addition, a total of 5
radiation pyranometers were used, one on each inclined
surface and one on the horizontal surface. Radiation and
temperature values at constant tilt and 0o azimuth and power
values under this irradiation are measured with the radiation
pyranometer placed on the fixed mounting. The ambient
temperature sensor placed in the horizontal plane measures the
temperature of the environment. By placing the radiation
pyranometer and module temperature sensor on all of the other
four panels, it is possible to obtain values at different tilts with
different azimuth angles. As seen in Figure 4, while microinverters transfer the collected data to computers, they also
transmit the electrical energy generated by the PV panels to
the grid. The system works as an on-grid.

dual MPPT monitoring, low voltage start and 16-60-volt
operating range are used. Inverters also record the current,
voltage and power information of the PV panel on the
manufacturer's website via internet. Since micro-inverters
have maximum power point tracking (MPPT) feature, they
transfer the electrical power obtained from the panel to the
network at the maximum level. Current, voltage and power
information received from the panels can be transferred via
micro-inverters to the digital environment and the data can be
monitored instantly on the internet 7-24 and these data can be
transferred elsewhere. Besides, with remote access, the energy
values generated by the panels can be monitored daily, weekly
and monthly. It is possible to follow the data graphically, as
well as to report for production. The energy transferred to the
grid on a daily, weekly and monthly basis can be seen in
Figure 5.

a- Daily Electricity Generation

b- Weekly Electricity Generation

Figure 4: Micro-inverters and Data portal

The electrical energy generated by the PV panels is
transferred to the city grid via micro-inverters. Inverters with
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c- Monthly Electricity Generation
Figure 5: Energy provided by inverters to the grid
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PV Module temperature sensors are equipped with an
adhesive cover and weatherproof cable. These sensors are
placed behind the PV module and enabled the measurement of
the module surface temperature. The temperature information
from the ambient temperature sensor and the module surface
temperature sensor, and the information of radiation obtained
by the inclined surface and the horizontal surface from the
radiation pyranometer are transferred to the computer via a
data acquisition card as shown in Figure 6.

[4]
[5]
[6]
[7]
[8]
[9]
[10]

[11]
[12]

[13]

M Kacira, M Simsek , Y Babur,and S Demirkol, “Determining optimum
tilt angles and orientations of photovoltaic panels in Sanliurfa, Turkey”,
Renewable energy, 29(8), 1265-1275, July 2004
K Bakirci,“General models for optimum tilt angles of solar panels:
Turkey case study”, Renewable and Sustainable Energy Reviews, 16(8),
6149-6159, October 2012
1 ø %H\D]LW + %XOXW DQG < 'HPLUWDú  ³<DWD\ G]OHPH JHOHQ GLI]
ÕúÕQÕP PRGHOOHULQLQ |OoP VRQXoODUÕQD J|UH DQDOL]L´ 3RO\WHFKQLF
Journal, 20(3): 557-563, September 2017
M Tiris and C Tiris, “Analysis of solar radiation data for Gebze,
Turkey”, Energy conversion and management, 38(2), 179-186, January
1997
M Tiris and C Tiris, “Optimum collector slope and model evaluation:
case study for Gebze, Turkey”, Energy Conversion and Management,
39(3-4), 167-172, February–March 1998
M Kacira, M Simsek, Y Babur and S Demirkol, “Determining optimum
tilt angles and orientations of photovoltaic panels in Sanliurfa, Turkey”
Renewable energy, 29(8), 1265-1275, July 2004
S S Chandel, R K Aggarwal and A N Pandey, “New correlation to
estimate global solar radiation on horizontal surfaces using sunshine
hour and temperature data for Indian sites”, Journal of Solar Energy
Engineering, 127(3), 417-420, September 2005
G Lewis, “Optimum tilt of a solar collector Solar and Wind
Technology”, Journal Article 4(3), 407-410, January 1987
Q Zhao, P Wang and L Goel, “Optimal PV panel tilt angle based on
solar radiation prediction In Probabilistic Methods Applied to Power
Systems (PMAPS)”, 2010 IEEE 11th International Conference on (pp
425-430) IEEE June 2010
A Rouholamini, H Pourgharibshahi, R Fadaeinedjad and G
Moschopoulos, “Optimal tilt angle determination of photovoltaic panels
and comparing of their mathematical model predictions to experimental
data in Kerman” In Electrical and Computer Engineering (CCECE),
2013 26th Annual IEEE Canadian Conference on (pp 1-4) IEEE
May2013

Figure 6: Radiance and Temperature data
III. CONCLUSION
Instantaneous, daily and total energy generated can be
monitored with the experimental setup to determine the
optimum inclination angle. Radiation values of different
locations around the world are measured by local
meteorological stations. The measured values are the radiation
values of the surface. The irradiance values of the position and
tilt of the panels are obtained with the pyranometers on this
test setup. The irradiance values of the position and tilt of the
panels are obtained with the pyranometers on this test setup.
Thanks to these radiation values, it will be possible to
determine a more accurate optimum angle of inclination and to
develop a suitable mathematical model.
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Abstract - Temporomandibular Disorder (TMD) is the
problems arising from or related to disorder of
Temporomandibular Joint (TMJ) which is commonly
known as jaw bone joint. It is a common problem among
the population, more than two third of population have
different levels of TMD. TMD is mostly diagnosed by
listening TMJ sounds. The procedure is an easy and cheap
method used by clinic dentists. In this study features
extracted from Fourier transformation of TMJ sounds.
After reducing the size of feature vector using PCA,
vectors are applied to Long-Short Term Memory (LSTM)
neural networks to be trained and tested. Over 95%
training accuracy and around 65 to 70% testing accuracy
is achieved.

and sound during opening and closing jaw, even jaw locks in
extreme cases [1].
Main TMD diagnostic is clinical examination. At some
point in clinical examination, a dentist listens the sound of the
TMJ while the patient performs jaw opening and closing by
using a stethoscope. Because jaw sounds is one of the main
diagnostic lead of the disorder many academic studies focused
on sound classification. The importance of sound based
diagnose arises from its simplicity. Moreover it is readily
available and cheaper than using sending the patient for MR
imaging which is both costly and may not be available in time.
TMD associated sounds are usually classified as crepitation,
clicking, popping, popping clicking etc by dental community.

Keywords - TMJ, TMD, sound classification, Recurrent Neural
Networks, LSTM networks

I. INTRODUCTION

T

EMPOROMANDIBULAR joint (TMJ) is the joint which
allows the movement of the jaw. TMJ is the joint between
the condyle of the mandibula known as lower jaw or jawbone
and mandibular fossa of the temporal bone. TMJ is very
special joint and is an articular disc between these two bones
enables jaws to make many complex movements. Many
degrees of pain and movement loss may happen in the joint
and all these are generally classified as Temporomandibular
Disorder (TMD). In Figure 1 one can see the localization of
TMJ and graphical explanation of TMD.
TMD frequency is very high in common population and
may be as high as 75%. Generally accepted frequency of who
shows one or more symptoms is around 33% [1]. These
numbers are even higher in Turkey according to Özan at all
[2]. Symptoms generally appear as reflected pains which
appear to be not emanating from TMJ. These reflected pains
can be mistaken as face pains, outer ear pains, face muscle
pains, migraine type aches, even strains in the eyes etc.
Because of this reason, patients generally seek help outside of
dentistry area although TMD is generally resulting from teeth
deformations. Disorder can be more severe like losing jaw
movement range, mandibula deviations and deflection, pain
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Figure 1: TMJ and TMD.

One of the early and known studies performed Wildmalm
and his several different colleagues. In their study they first
tried to classify the sounds like clicking, crepitation. They
classify five different sounds by using Reduced Interference
Distribution (RID) [3], [4]. Later studies by Wildmalm and his
colleagues focused on amplitude wave spectrum of the TMJ
sounds, classification based on pattern recognition [5], [6], [7].
Many different studies were focused on TMJ sound
classification. These are includes the studies of Taskiran and
his colleagues who studied classification of TMJ sounds based
on frequency and statistical features based feature extraction
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and ANN classification [8], [9]. In another study focused on
Deep Learning Network, Taskiran is used a Convolutional
Neural Network based image classification technique. Data is
first preprocessed and turn into time-frequency images. Then
the images are classified by using a image classification with
very good results [10]. Akan at al. [11], [12] and Ghodsi at al.
[13] published papers on classification of TMJ sounds using
different classification techniques including spectrum based
techniques, time-frequency analysis, discrete evolutionary
transform. Similar techniques of sound classification are not
just only applied for TMJ but also can be applied for knee
joints to diagnose knee joints by Kim at al. [14]. Different
objective studies of the same area are also published aiming
the differentiating sound from left and right TMJ based
kurtosis and click sounds [15], [16].
Electrocardiogram (ECG) and Electroencephalogram (EEG)
classification was very active research area and still actively
studied by many different academicians. Recently many
researchers focus on and are popularize the deep learning
classification methods. Recurrent Neural Networks (RNN) and
Convolutional Neural Networks (CNN) are used for time
series analyses. Among researchers some have used LSTM
based classification procedures for ECG and EEG. LSTM is
short for Long Short Term Memory and actually is an
improved version of RNN. Wang et al. have used LSTM
networks to classify EEG in motor imagery tasks [17].
Similarly Nagabushanam at al. have also used LSTM and an
improved neural network for EEG classification and compared
the results with other frequently used techniques [18]. Similar
classification study was also performed by Saadatnejad at al.
on the subject of ECG classification for continuous monitoring
of wearable devices based on LSTM networks [19].
In this study we tried to classify previously recorded TMJ
sounds by using LSTM network based techniques. Sound
based diagnostic is one of the cheap methods to use in many
application areas especially in medicine. Not only in dentistry
but also in many areas of medicine listening the body of the
patient are commonly used for diagnosis. Unfortunately
diagnosing by listening requires expert ears for correct
diagnostic. In this point, helping the dentist with a diagnostic
tool will be very useful. Sound data has been recorded by
using special developed tool and software in supervision of
experienced dentists in real clinical environment. The used
data is the same data of reference [8] and reference [10].
The process of data collection is thoroughly narrated and
explained in aforementioned references. After preprocessing of
data is performed, LSTM tools of MATLAB are used for
classification. Fairly acceptable results are obtained and
compared to previously obtained results. Further classification
methods are planned to be tested in future and hopefully more
robust real time diagnostic machine and software is expected
to be developed.
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II. MATERIAL AND METHOD
As previously mentioned data set are from the previous
works of the authors. Detailed collection procedure and
designed tools and software explained in reference [10].
Summary of the procedure is given below. With the
supervision of expert dentist of orthodontia, 5 seconds of TMJ
sound data is recorded while the patients and test subjects
opening and closing their mouths in real clinical environment.
Sound data is sampled by 51200 Hz sample rate with 24 bits of
resolution. Every sound data is recorded as 3 different sets of
right TMJ sound, left TMJ sound and environment sound.
Every sound set has total of 3 different, 24 bit 256000 sample
data. Also every recorded data has its own data and time
stamps and their respective tags whether if record belongs to a
TMD patient or not.
When spectrums of the sound data are examined it can be
seen that there were almost no high frequency components.
Accordingly 51.2 KHz sample rate data is filtered through
with BPF having pass frequency limits of 100 Hz to 10 KHz
on 51.2 KHz. Low frequency components are sacrificed
because of 50 Hz power line noise. Following the filtering all
data is sampled down to 20 KHz. Thus procedure reduces the
data size tremendously without sacrificing the content because
there is no data above between 10 KHz to 25.6 KHz after band
pass filtering. In the study both right and left TMJ sounds but
not the environment sound included in classification process.
There are total of 150 data sets. 96 sets of the data belong to
unhealthy patients and 54 sets of the data belong to healthy test
subjects.
After the preprocessing step vector size (100000 samples)
of each data is reduced to 2500 using Principal Component
Analysis (PCA) for more convenient calculation. Principal
Component Analysis is a dimensionality reduction method
mostly used for compressing images or reducing size of large
datasets. It reduces data dimension by projecting each data
point onto the first few principal components while preserving
as much of the data's variation as possible. Principal
components are eigenvectors got from covariance matrix of
data. MATLAB’s built in PCA function is used realize this
process. Data vectors are reshaped to 50x2000 matrices to
obtain principal component coefficients and reshaped back to
1x2500 vector after process. Then each data is converted to a
MATLAB cell array to input them network.
Training and test data randomly selected from both healthy
and unhealthy data. Then these healthy and unhealthy data are
combined together and shuffled once more. A LSTM network
is created with a sequence input layer, 10 bilstm layer, 2 fully
connected layer, one sofmax layer and one classification layer.
Network training has learning rate of 0.01 and training
parameters are 5 epochs, 32 mini batch and 500 iterations. To
validate the results script execution repeated 100 times correct
classification and test rate are saved. Lastly, means of training
classification and test classification results are calculated.
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III. RESULTS
The MATLAB script is run for training and then data is
tested. After properly adjusting the parameters to training the
100 run training and testing is done at the same time to
confirm the results. At every script execution correct
classification and test rate are saved. Finally, average of
training classification and test classification results are
computed. The obtained results are given in the Figure 1,
Figure 2, and Figure 3. Note that H here is unhealthy and S is
healthy.
According to the results training is highly successful to
classify the data. Classification is 97% correct. 76 unhealthy
data is used and training net correctly classifies 74 of them
unhealthy and 2 of them healthy. 44 healthy data is used and
training net correctly classifies 43 of them healthy and 1 of
them unhealthy. Unfortunately, High success of training
process is not reflected in test data. When the test data is
presented to the trained net, success rate of the net is 70%.
This, unfortunately, is because of limited number of data
available for both training and test.
Some of the previous results are given in the Table 1 for
comparison. LSTM seems to less successful method among
previously applied methods of Frequency based Feature
Extraction ANN, Statistics based Feature Extraction ANN,
Deep Learning Image Based CNN.

Figure 2: 100 run training confusion matrix.

Table 1: Comparison of previous results with LSTM

Method

Frequency
based
Feature
Extraction
ANN

Statistics
based
Feature
Extraction
ANN

Deep
Learning
Image
Based
CNN

Deep
Learning
Time
Series
LSTM

Simplified
Success
Rate

78%

89%

94%

70%

Figure 3: 100 run test confusion matrix.

Figure 3: 100 run test accuracy graph.
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IV. CONCLUSION
Aim of this study to explore the TMJ sound data
classification capacity of LTSM networks which are one of the
highly popularized deep learning tools. For this purpose
previously obtained data sets of the author are used.
Performance of the LSTM network tried to evaluate.
LSTM toolbox of MATLAB is used as software
development base. A few scripts is used to preprocess the data
and then by using preprocessed data LSTM network are
trained and tested. According to results LSTM network trained
very successfully but does not performed as good as expected.
As seen from the results, although the accuracy of the LSTM
training results is over 95%, test accuracy of 70%.
These results show that at LSTM training phase network
memorizes the presented training data. This is generally
consequence of insufficient number of data or data similarity
of the sets. For more accurate results, gathering of more data
sets of different test subject is required.
Being an ongoing research and development process, in
future we are planning to obtain more data from healthy and
unhealthy subjects. Also some data preprocessing will be
applied to data to increase the training and test success rate.
Improvement on LSTM algorithm is also planned.
Future study will also include sounds of different type of
disorders. Identification of unhealthy joint by using sound data
is also proposed.
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Abstract - In this work, we report development of bottom gate
AMOLED compatible thin film transistor micro fabrication
processes and thin film material optimization process for device
grade hydrogenated amorphous silicon, SiNx and ALD Al2O3.
Process problems were also pointed while we developed
microfabrication. Post annealing remarkably improves the TFT
performance up to 250oC beyond which it drops off. Observations
were explained on the basis of formation of Schottky barrier
material and diffusion of hydrogen out of amorphous silicon thin
film.
Keywords – TFT, thin films, microfabrication, display,
transistors

C

I. INTRODUCTION

urrently, large area electronics is one of the most important
fields of research around the world. This technology has
been used in different electronic devices, such as solar cells and
Active Matrix Liquid Crystal Displays (AMLCDs) among
others [1, 2]. The AMLCDs have been widely used in laptops,
digital cameras and cellular phones. It is well known that the aSi:H thin-film transistor (TFT) is the dominant pixel switching
device in those displays [1–3].
Hydrogenated amorphous silicon (a-Si:H) has been very
dominant recently for large area electronics for the following
main reasons: Amorphous silicon has all the useful properties
of a semiconductor including doping photoconductivity, field
effect modulation of conductivity, easy junction formation,
extensive knowledge attained about the chemistry of crystal
silicon micro-fabrication processes over the years. The PECVD
(Plasma Enhanced Chemical Vapor Deposition) process allows
for low cost and fairly uniform growth of materials over large
area substrates. PECVD process can be used to deposit,
dielectrics (e.g. SiNx, SiO2 etc.), passivation layers, undoped
and doped semiconductors with different energy band gaps (aSi:H etc.). Thus, amorphous silicon is widely used in active
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matrix liquid crystal [1] displays and organic light emitting
diode displays, scanners [2], position sensors [3], medical
imagers [4], solar cells [5], biochemical sensors, stress and
strain sensors.
In this letter, we report the deposition of high quality a-Si:H,
SiNx thin films by modified PECVD system, micro-fabrication
development of a-Si:H based high performance thin film
transistors for the use of AMOLED displays. State of the art
quality a-Si:H thin films were grown and optimized the microfabrication processes such as annealing temperature and the
etching processes etc. We also report the annealing temperature
effect on the electrical characteristics of TFTs.
II. EXPERIMENTAL
Bottom gate TFT micro fabrication steps were as follows; As
a first step, 180nm thick ITO (Indium Tin Oxide) coated 2 inch
square Eagle Glass is cleaned using first the substrate is placed
in Aceton containing beaker and this is also inserted in a
ultrasonic bath at 60oC. Then under the optical microscope the
substrate surface is inspected. If the surface is still
contaminated, special cleaning procedure is applied. After final
inspection, the substrate is taken into micro fabrication
processes.
A. Gate dielectric and a-Si:H deposition
Hydrogenated amorphous silicon (a-Si:H or a-Si) TFT’s
were fabricated with standard bottom channel passivated
structure on 2” X 2” Corning Eagle glass substrate. SiNx and aSi layer were deposited in multi-chamber ultrahigh vacuum,
plasma enhanced chemical vapor deposition system (UHVPECVD) at 13.56 MHz. Prior to any deposition, allocated
chamber was evacuated down to a base pressure of the order of
10-9 Torr. About 300 nm thick a-Si and 150 nm thick n+-a-Si
were sequentially deposited at a substrate temperature, chamber
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pressure, RF power density, pure Silane flow rate of 225oC, 0.6
Torr, 16.4 mW/cm2, 10 sccm, respectively. Device-quality
intrinsic film properties were assured using SEM, photo-, dark
conductivity, FTIR and optical transmission and reflection
measurements [Tanaka, K., and Matsuda A., Materials Science
Reports 2 (1987) 139]. Optical Emission Spectrum was used to
monitor plasma during deposition suggest that monomeric
species SiH is dominated, has low intensity and constant
through the deposition of the intrinsic a-Si film (Figure 1). For
the deposition of n+-a-Si films, 4 sccm 3% PH3 in H2 were
added to plasma. As gate dielectric 200-250 nm SiNx and 35-50
nm Al2O3 were successively deposited. HV PECVD deposition
conditions of SiNx were as follows; substrate temperature:
225oC, chamber pressure: 0.6 Torr, rf power density: 16.4
mW/cm2, Silane flow rate: 10 sccm, Methane flow rate: 70
sccm. Deposition conditions of the passivation SiNx were same
as above with 50 nm thickness. Al2O3 films were deposited in
Atomic
Layer
(ALD)
deposition
system
using
trimethylaluminum (TMA; (Al(CH3)3)) and water (H2O) at
substrate temperature of 150oC. The deposition pressure was
maintained at 600 mTorr. N2 was used both as the precursor
carrying and purging gas.

Figure 1: Evaluation of [SiH] peak at 413 7 nm with deposition time during
the deposition of intrinsic amorphous silicon Insert shows that Optical
Emission Spectrum (OES) of the same film

Capacitors and transistors were electrically shorted due to
pinholes in the amorphous SiNx dielectric layer. We also
noticed that there are spikes after the metallization process on
the metal layer. We detected these spikes with profiler and
optical microscope. Therefore, instead of just one SiNx
dielectric layer as the gate dielectric material, we used 35-50
nm thick Al2O3 layer which was deposited with ALD (Atomic
layer deposition). This Al2O3 thin film is used as a patching
layer to cover the pinholes in the SiNx layer. This process leads
to a great improvement in the performance of the TFTs and
capacitors. This was the main problem we had to overcome to
complete the microfabrication of TFTs successfully.
B. Microfabrication of TFT devices

E-ISBN: 978-625-44427-4-2

In this section, we present a more detailed process flow for
the fabrication of bottom gate thin film transistors. We design
the photomasks such that it is possible to fabricate TFT,
resistor, capacitor, and OLED monolithically in the same
fabrication process. Therefore the TFTs, we have developed,
can directly be used in AMOLED technology. However, in this
paper we only report the TFT performance results. As a step 1,
metal markers were deposited by Cr sputter with 100-200nm Cr
thickness and then AZ1505 photoresist was used to transfer the
marker patterns on the substrate. MJB4 SUSS mask alligner
system was used for photolithography processes. Then after
hard bake, Cr was patterned with Cr etcher solution. In the
second step, since the etching recipe using wet chemistry is
quite hard for ITO, BCl3 based recipe is used to etch and pattern
the ITO in order to create pads for OLEDs. We have to use
different mask for this reason to etch a-Si:H and SiNx layers
separately. In the third step, 200nm Cr is sputtered on the 2 inch
square samples and then applied photolithography. Gate pads
are patterned using Cr etcher solution under heat at 40oC for 2
minutes.
After glass cleaning and drying process, 250nm SiNx , 35nm
Al2O3, 120nm undoped a-Si:H and 200nm n-type doped a-Si:H
layers were deposited. SiNx, and a-Si:H layers were deposited
in a PECVD system in separate vacuum chambers . Al2O3 layer
is deposited using ALD system. (The thicknesses were
calculated by the test samples on which deposition processed is
applied).
In the 4th step, AZ 5214E photoresist was used in
photolithography in image reversal mode. By this way, markers
and the substrate surface can be seen easily and the alignment
process was facilitated. Since in this process, all the amorphous
silicon layers and SiNx were etched down to the glass layer by
RIE etching, thick resist was used with approximately
1.5micron thickness. After image reversal photolithography,
post bake at 110 oC for 15 minutes was applied to prepare for
the dry etching process. Using RIE with the CF4/H2 and BCl3
based etching recipes, dielectric and amorphous silicon layers
were etched down to the glass substrate except the transistor
region. After etching process, AZ remover at 60 oC for 1 hour
is used to remove the remaining photoresist on the substrate. If
the hard bake was done too much by using high temperature and
for long time duration, then the resist removal would be
problematic and some residues can stick to the substrate surface
and lead to contamination. Amorphous silicon is also fragile
material and therefore ultrasonic process cannot be used too
long like 30 minutes and more at 120 oC for stripping.
In order to retain the Al2O3 and SiNx dielectric layers for the
capacitor devices, we used two mesa masks.
In the 5th step, 150 nm thick SiNx layer was deposited with
UV PECVD system. Photolithography was also done with
AZ1505 photoresist, the resist was baked at 100 oC for 4
minutes before RIE etching process. The same CF4/H2 based
RIE dry etching recipe was used to open the vias on SiNx layer.
To facilitate via formations, the vias over the source and drain
contact regions were chosen to be between 10-20 micron
widths. Vias were dry etched down to more than at least 120nm
to make sure that all the SiNx layer is etched. After the RIE
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etching, AZ 100 remover was used again to remove the resist
residuals on the surface at 60 oC for 30 minutes time duration.
Ultrasonic process was also applied as a last step to remove the
residual resist for 15 seconds. The SiNx deposited in this step is
also used as the dielectric for the capacitors. The vias were open
for source and drain contacts.
In the 6th step, we also used a separate via mask for OLED
ITO pads and OLED pins at the edges of the sample. Since their
areas are relatively larger than the openings for source and drain
metal contacts, the dry etch rates will be larger for pins and
OLED ITO pads.
In the 7th step, For the source and drain metal contacts, 150200nm thick Cr metal was deposited by sputter on the whole
sample. The important point in this deposition is that the side
walls of the mesa structure should be covered with the thick
enough Cr for the source and drain metal contacts otherwise
there would be electrically open contacts. Using 5214
photoresist in image reversal mode, metal patterns were
transferred onto the substrate. Cr wet etcher was used at 40 oC
for about 2 minutes to etch down the Cr metal. The resulting
TFT device is depicted in Figure 5.
In the 8th step, AZ 5214E photoresist were used for dry etch
mask. In this RIE etching process, SiNx and n+ a-Si:H layers
has to be etched to reach the n channel layers and separate the
source and drain n+ layers only and all other areas are protected
with photoresist. In Figure 6 the TFT under microprobes has
12micron gate length.
In the last step, thick 600nm SiNx layer is deposited using
HV PECVD system. Then using AZ5214E photoresist masks
open the large vias (100-200 micron wide) for the Pins and ITO
OLED pads. The schematical cross sectional view for the
completed TFTs isshown in Figure 2 and the optical microscope
image of a complete device under microprobes is shown in
Figure 3.

Figure 2: Complete TFT device schematics with ITO integrated

C. I-V Measurements
We used four probe station to connect the device under test
and 4200-SCS Keithley Semiconductor Parametric Analyzer as
SMU unit. The device under test is probed using microprobes.
Microprobe needles have 5 micron diameter. Measurements are
conducted in a dark room in order to prevent extra photocurrent
to affect our electrical measurement. The field effect mobility
in the saturated region was calculated from the Ids-Vds plots.
For the annealing optimization process, we first annealed the
TFT chips under vacuum at 150oC for 30 minutes. Then
conducted the I-V measurements. We continued to conduct the
I-V measurements by increasing temperatures. We tried 200 oC
and 250 oC for the optimization. When we used 200 oC, we get
the optimum result in terms of drain current. After 250 oC
generally the devices’s performance get worse in terms of drain
current and stability. Generally from the transistors annealed at
200 oC, approximately we measured electrical parameters were
Vth=0.9V, Ids(on)/Ids(off)=104-105. It has saturation mobility
of about 0.08 cm2/V.s. [Figure 4]. First reason for that actually
comes from the fact that, the E-field distribution is better around
the channel region, when transistors have multiple gate finger
structures connected in parallel. Of course as the device area
increases, the device switching speed decreases. However, for
display technology, speed is not so critical, low threshold
voltage, on/off ratio of drain current, and leakage current are
more important. Another reason is that as the anneal
temperature increases the ohmic contacts between the source
and drain metals and the n+ a-Si:H layer get better and this
results in an increase in drain current under the same Vds
voltage. However, when the anneal temperature is increased
further, the contacts get worse and the stability of the device
deteriorates. This can be explained as there are two main factors
affecting the ohmic contacts of the interface between chromium
metal and the Silicon surface. The annealing process during the
growth of the thin films inside the deposition chamber and
annealing process after the devices are complete have different
effects on the ohmic contacts. High temperature process during
the growth of a-Si:H and SiNx films results in high quality aSi:H and SiNx films and TFTs with high mobility, low leakage,
and high device stability[6].As a metal is deposited on silicon,
a silicide-silicon interface is usually formed between the metal
and the silicon interface. Si forms silicides with most metals
even at temperatures below 200 oC[7,8]. Thus, the silicidesilicon interface lead to a rectifying barrier or an ohmic contact
to silicon films. Common ohmic contact materials to silicon are
chromium, molybdenum, and tungsten [9,10,11]. Cr/a-Si:H
interlayer is amorphous and its composition is mostly CrSi2 at
about 300oC. As the anneal temperature of the vacuum bake is
increased until 250 oC, the mobility and the resulting Ids
increases however as the anneal temperature is increased
further above 250o C, the Shottky potential barrier and the
diffusion of hydrogen content in the amorphous silicon results
in the deterioration of ohmic contacts and also a decrease in the
mobility and drain current. [12]

Figure 3: Optical microscope image of complete TFT under test, W=255μm
L=12μm F=10
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Id(on)/Id(off) current. The annealing temperature effect was
also investigated. As the temperature was increased from 100
o
C to 200 oC, the Ids current increased for the TFT devices but
as the temperature was higher than 250 oC, the device
performance degraded and the devices become unstable. As
future work, we will fabricate bottom gate TFTs with OLED,
TFT pixels. We expect better electrical performance for bottom
gate TFTs when we apply channel passivation process. We will
try to change the E-field distribution so that drain current will
be higher at a given Vds voltage.
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PHOLK\LOGLULP#WXELWDNJRYWU



PHPFDSDFLWRU DQG PHPLQGXFWRU UHTXLUH PXWDWRU IRU
WUDQVIRUPLQJ IURP PHPULVWRU WR PHPFDSDFLWRU DQG
PHPLQGXFWRU 7KH SUHVHQWHG HPXODWRU LQ WKLV VWXG\ GRHV QRW
UHTXLUH DQ\ PXWDWRU LQ RUGHU WR WUDQVIRUP IURP PHPULVWRU WR
PHPFDSDFLWRU0DGVDUHWDO>@KDYHVXJJHVWHGD)&6EDVHG
PHPFDSDFLWRUZKLFKFDQQRWEHDGMXVWHGHOHFWURQLFDOO\,QWKLV
VWXG\GLIIHUHQWO\IURPWKHPHPFDSDFLWRUHPXODWRUVLQ>@
WKHSURSRVHGHPXODWRUKDVWKHDELOLW\RIHOHFWURQLFDOO\WXQDEOH

Abstract,QWKLVZRUNDQHOHFWURQLFDOO\WXQDEOHPHPFDSDFLWRU
HPXODWRUFLUFXLWKDVEHHQSURSRVHG7KHPHPFDSDFLWRUFRQVLVWVRI
RQH )ORDWLQJ &XUUHQW 6RXUFH )&6  WZR FDSDFLWRUV RQH 026
WUDQVLVWRUDQGRQHGHSHQGHQWYROWDJHVRXUFH,QHPXODWRUFLUFXLW
D026WUDQVLVWRULVXWLOL]HGLQRUGHUWRPDNHWKHPHPFDSDFLWRU
HOHFWURQLFDOO\ WXQDEOH 'LIIHUHQW YDOXHV RI YROWDJH DUH DSSOLHG WR
WKHJDWHWHUPLQDORIWKH026WUDQVLVWRUWRVKRZWKHSURSHUW\RI
HOHFWURQLFDOO\WXQDELOLW\RIWKHPHPFDSDFLWRUHPXODWRU7KH)&6
FLUFXLW LQFOXGHV RQO\ IRXU 026 WUDQVLVWRUV ,Q DGGLWLRQ WKH
VXJJHVWHG PHPFDSDFLWRU HPXODWRU FLUFXLW GRHV QRW UHTXLUH DQ\
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A survey on Kalman Filtering for Unmanned Aerial
Vehicles: Recent Trends, Applications, and
Challenges
N.EMER1 and N.S.ÖZBEK1
1

Department of Electrical and Electronics Engineering, Adana Alparslan Türkeş Science and Technology University,
Adana/Turkey, email: nurtenemer2505@gmail.com, nozbek@atu.edu.tr

Abstract— This study presents recent trends, challenges,
applications, and design methodologies of Kalman filter which
becomes a cornerstone for the application of unmanned
systems. The elaborated filters are range from Kalman to its
improved modifications. The algorithms are also widely used
in control theory and this aspect of the study makes it a
beneficial guide to a large number of readers. Furthermore,
the inertial measurement unit, which is the core for the
unmanned vehicles, can be designed with different filtering
strategies. The filters are compared via a number of features.
Keywords—Kalman filters, state estimation,
measurement unit, fault-detection, unmanned systems.

I.

inertial

INTRODUCTION

The theoretical and practical improvements of
information systems include hardware and software have
been essential in the development of unmanned systems [1].
Among them, unmanned aerial vehicles (UAVs) have
attracted a great deal of attention in the control-engineering
framework. Several advantages have been reported for
protecting human life in various missions. To mention a few,
UAVs can be useful for many dangerous environments.
With this motivation in mind, the potential of UAVs has
been increasing day by day in various application areas.
From a safe operating point of view, an unmanned
vehicle has to provide all the necessary conditions for
reliability, safety, and security. However, the blending of
overall imperfections with real environments, measurements,
control algorithms, and communication constraints, makes
the problem very complicated.
There are various critical steps that must be conducted in
the development of UAVs. The fundamental steps can be
listed as system identification, sensor fusion, filtering issues,
deployment of communication infrastructure, and controller
design.
Kalman Filter, which is an estimation algorithm in linear
state-space models, has a very important place in linear filter
theory [1]. Kalman filter is a recursive estimation filter,
which can estimate the current state from the last previously
estimated state and new measurement.
The main motivation of this research is the necessity of
evaluating Kalman Filter applications for UAVs to express
their advantages and drawbacks. Kalman Filter, which is
mostly used in many fields along with aviation applications,
can produce optimized predictions for the next states
according to the previous states of the system. It differs in
this from the algorithms of type "batch", because it does not
keep any history of measurements or estimates.

There are two fundamental problems encountered in
practice regarding the mathematical modelling of the
systems. The model cannot represent the real system exactly
due to the uncertainties. The measurements from the sensors
are not perfect. Kalman Filter processes the data obtained by
using measurement dynamics, noise in the data, and initial
values of the system and performs state estimates of the
system with minimum error.
Numerous examples have been reported on the
application of Kalman filtering for various tasks in
unmanned ground/aerial vehicles navigation [2], motion
planning, trajectory estimation and optimization [3], target
tracking, guidance and control [4], fault estimation, attitude
determination, state estimation [5], and other tasks in the
industry [6].
The contributions of this study are given as follows:
Various filtering methods used in the design of the inertial
measurement unit, which is the core of unmanned aerial
vehicle applications, are examined. In addition, general
information about the Kalman filter as well as its
improvements are given and performance comparisons are
presented for each type of Kalman filter. The application
examples of Kalman Filter in linear or non-linear systems
are detailed with their advantages and drawbacks. From this
aspect, the present research provides a practical guide of
Kalman filters for unmanned aerial vehicles.
This paper is organized as follows. The theoretical
background of Kalman filter is given in Section II,
Improvements on Kalman filter are given in Section III.
Kalman filter applications for unmanned aerial vehicles are
given in Section IV. Finally, the concluding remarks are
addressed in the last section.
II. THEORITICAL BACKGROUND OF KALMAN FILTER (KF)
In standard Kalman filter, which is derived from the
least-squares method, it is aimed to combine mathematics
and the physical world. In control theory, the Kalman filter
is known as a linear-quadratic estimator (LQE) that uses a
series of measurements, including statistical noise and other
errors.
This section investigates the central notion of the
Kalman filter. The scheme of data-driven modelling is
depicted in Figure 1.

In this study, the applications of Kalman filter and its
modifications, which have been devoted to several missions
of UAV design and control, are investigated.
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= (I -

H)

(8)

It is important that the updated error covariance “ ” is
smaller than the predicted error covariance. This means that
the filter is more accurate than the state estimate after it is
used in the measurement update phase.
III. IMPROVEMENTS ON KALMAN FILTER (KF)

Fig.1. The structure of Kalman Filter

The algorithm takes place in two phases: the first one is
the predictive phase, wherein the filter retrieves the last
value of the estimated state to estimate the state at the
current instant. The second one is the update phase, wherein
a new measured value is introduced, allowing to correct the
estimation of the first phase, and thus obtain a more precise
state.
It is to be noted that the discrete versions of A, B, and H
matrices, which are given in Figure 1, are denoted by F, B,
and H, respectively. The process model describes the change
in state from time k-1 to time k as follows [7]:
=

+

(1)

+

The state transition matrix is defined as F, the control input
matrix is defined as B, previous state vector is defined as
, control vector is defined as
, process noise
vector that is assumed to be zero-mean Gaussian with the
.
covariance Q is defined as
A measurement model should be obtained that describes the
relationship between state and measurement in the current
time step k. This model can be defined as:
=

(2)

+

The measurement vector is defined as , the measurement
is the measurement noise vector.
matrix is defined as H,
Prediction and update are the two structures that compose
the algorithm of the Kalman filter [7]. There are two
equation in prediction part. The hat operator, “^”, is used to
mean an estimate of a variable. Superscripts “-“ and “+” are
used to mean predicted and updated estimates. First one is
which is called as predicted state estimate. Second is
which is called as predicted error covariance.
=F

+B

=F

(3)

+Q

(4)

There are four equation in update part.
̇ =

x

The extended Kalman filter is one such example for
these enhancements. EKF is a filter created by replacing the
traditional Kalman filter, especially for the application of
system or measurement models in non-linear situations. The
EKF is a filter that considers continuous-time dynamic
systems and discrete-time measurements for nonlinear
system estimation through linearization. EKF uses a
linearization process ignoring high-order terms in the Taylor
series and requiring Jacobian matrix calculation [2, 4].
̇ = f (x,u,t) + D(t) w

(9)

[ ( ), ] +

(10)

=

where a system model is defined as f(x,u,t) and a
measurement model is defined as y(x,k). Further, w and
are the process and measurement noises, respectively.
w ≈ (0,Q) ,

≈ (0,R)

The first step in prediction is to predict the next state of the
system input u.
̇ = (

(11)

, , )

̇ = F( x , t )P+ P

( x , t ) + DQ

(12)

( x , , )and P can be obtained from prior measurement
update and the measurement estimate is updated as follows
[4]:
=

(

)

(

( )=[ -

measurement , and the estimated measurement
x .
Calculating Kalman gain
is a very important process,
because it plays an important role in calculation of update
”.
state estimation ”
[ +
̇
= x +

A. Extended Kalman Filter (EKF)

)[ (

)

(

)

(x ) +

(13)
(14)

)P ( )

(

]

(5)

−

Measurement residual ̇ is the difference between the true

=

In real-time applications, many different factors reducing
the performance of the Kalman filter have been reported. To
mention a few, model errors, as well as model uncertainties
unavoidably degrade the performance of Kalman filter.
Furthermore, a number of enhancements are required for the
Kalman filter to be applied to nonlinear systems. Thus, a
number of improvements and modifications have been
investigated on the application of Kalman Filter such as
Extended Kalman Filter (EKF), Unscented Kalman Filter
(UKS), Robuts Kalman Filter (RKF), Adaptive Kalman filter
(AKF).

]
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x = x +

[

(15)

- ( x , )]

F(x,t) and Y(x) are Jacobians derived from
y(x, k) [4].
F( x, t ) =

( , , )

, Y (x) =

( , )

(

, , ) and

(16)

(6)
(7)
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B. Unscented Kalman Filter (UKF)

A. Kalman Filters for Identification of UAV

In Extended Kalman Filter, linearization is performed
using Jacobian matrix and calculations of Jacobian matrix
increase the cost. Moreover, when estimating in high-order
nonlinear systems in Extended Kalman Filter, it is difficult
to obtain correct results because due to the linearization. In
order to reduce these disadvantages, EKF-based Unscented
Kalman Filter (UKF) was developed [1] .
UKF captures mean and covariance estimates with a
deterministic sampling approach [8]. Thus, the UKF is easy
to implement. Furthermore, UKF provides more robust
forecast performance.
C. Robust Kalman Filters (RKF)
The Robust Kalman filter can be applied in uncertain
discrete-time systems [9]. It provides an upper-bound to the
variance of the filtering error to resolve parameter
uncertainties in the state and output matrices [10]. A robust
Kalman filter (RKF) processing data under noisy
measurements has been applied to the FPID control strategy.
Thus, the robustness and anti-interference feature of the
UAV system is increased and the effect of outliers on the
updated parameters is minimized [22]. A further application
of RKF with a Gaussian uniform mixture model is presented
in [13].
D. Adaptive Kalman Filter( AKF)
In the classical Kalman filter, an accurate system model
and stochastic information are required for predictions to be
correct. However, it is very difficult to obtain exact system
information in real applications. Adaptive Kalman Filter
(AKF) is proposed to reduce the impact of this deficiency.
AKF overcomes errors in the prediction of nonlinear statespace models that may result from incomplete system
information [14]. An attitude estimation by using an AKF is
presented in [15].

IV. KALMAN FILTER APPLICATIONS FOR UNMANNED AERIAL
VEHICLES

This section presents the applications of the Kalman
Filters for UAV applications. The elaborated filters are
applied for several tasks such as system identification,
sensor fusion, state estimation, control, fault detection, as
well as fault-tolerant control. The application of Kalman
filters UAVs is tabulated in Table I.
Table 1: Kalman Filter Applications for UAVs

Identification

Control
Design

KF

EKF

UKF

AKF

[16]
,
[17]

[18],[19],
[20], [21]

[22],
[23]

[24]

[25]

[26]

[27]

[28]
,
[29]

[4], [5],
[21],[30]

[31],
[32]

Fault-Toleran
Control
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[33]

System identification, which can be used to characterize
different components in unmanned systems or to construct
the mathematical model of the system with measured inputoutput data [40], is an important step in designing the
controllers of UAVs. In addition, a discrete model for
predictive control of UAVs can be obtained by system
identification. The obtained models can be used as a
prediction system in controllers.
The reports on the Kalman filtering devoted to system
identification can be summarized as follows: Kim Y. et al.
proposed two filters to make parameter estimates. Kalman
filter (KF) for linear dynamics and Unscented Kalman Filter
UKF for nonlinear dynamics are proposed[17].
It is to be noted that UAVs have a multi-input-multiple
output structure. Thus, data from sensors on UAVs are
mostly non-linear and time-varying values. This makes it
tedious to estimate the parameters and determine the system
model. For nonlinear systems, the classical Kalman filters
are evaluated to be inadequate. An EKF has been proposed
to define system dynamics in [20]. It is to be noted that EKF,
which uses an iterative nonlinear filtering approach, can be
applied separately for linear and non-linear models in the
identification of UAVs.
A further example of EKF has been proposed for both
state and parameter estimation of a UAV [21]. EKF is
proposed to deal with nonlinear effects in [18], wherein,
determination of the stability and control parameters of the
nonlinear unmanned aerial vehicle model is investigated.
While making these definitions, the dynamic effects of some
external factors occur. Furthermore, Munguía R. et al.
propose an improved EKF that estimates the model
parameters of the UAV using measurements directly
obtained from sensors on multi-rotor UAVs. With these
observations, EKF, which updates with the measurements
taken from the sensors, can be able to predict all model
parameters of multi-rotor aerial vehicles [19].
Information obtained from many sensors can be used
during the design of controllers. However, a number of
problems are encountered in cases such as noisy
measurements as well as the nonlinearity of the data
received from the sensors. Some filters are recommended to
tolerate these problems. In this article, UKF and EKF
performances have been examined and compared for
parameter estimation [22]. UAVs are highly complex
systems with multi inputs. Thus to construct an exact
mathematical model is a challenging issue. However, a UKF
is highlighted to estimate the model of the UAV through the
flight data [19].
Chiella et al. define the mathematical equivalent model
to protect the lithium-ion batteries in UAVs. Further, the
parameters used to predict the next charge rate of the battery
are estimated. Toward this goal, an adaptive Kalman
filtering (AKF) is addressed [24].
B. Kalman Filters for Sensor Fusion of UAV
Sensor fusion and the filtering of measurements are one
of the most important points for unmanned vehicles. The
investigation of sensor fusion techniques has been very
attractive. For these purposes, Kalman filter is a powerful
tool for sensor fusion applications with its recursive nature.
With this motivation in mind, this section presents filtering
issues dedicated to sensor fusion of UAVs.
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The performance of the estimation strategies is
elaborated with a number of examples. For instance, Arreola
L. et. al. propose a position estimation strategy which is
based on low-cost devices and optical flow algorithm.
Towards this goal, an extended Kalman filter algorithm is
employed [25]. A location estimation system using low-cost
devices for UAVs has been proposed in [25], wherein the
information from GPS and inertial navigation sensors (INS)
are used to estimate the position of the UAV. GPS and INS
information is fused in the Kalman Filter. In addition, EKF
is presented to estimate the position using data obtained
from the optical flow algorithm to improve the UAV
position estimation [25]. A low-cos PX4Flow optical sensor,
which is an open-source hardware and software platform
comprising CMOS vision sensor, a gyroscope, and a sonar
range finder, is addressed in [41].
Furthermore, a sensor fusion method, which is based on
EKF algorithm, is addressed for estimating the velocity,
position, and attitude of a UAV with a low-cost inertial
measurement unit [26]. A number of experiments are
conducted with various sampling intervals and loss data
conditions to investigate the proposed algorithm.
An innovative fusion filter-based method is proposed by
Yue L. et al to solve the problem of tracking quadrotors in
the presence of interference and measurement noise. An
example block diagram of a control structure of the
quadrotor is shown in Figure 2. Traditional PID cannot
properly adjust its gain with environmental distortion. FPID
has been proposed to reduce this disadvantage. In order to
complement the shortcomings of FPID, the EKF and RKF
are proposed. When the Kalman filter (KF) is applied to the
system, the presence of outliers can seriously damage the
compensation effect. If the necessary suppression measures
are not taken, this abnormal value will greatly damage the
monitoring performance of the system [11].
Another example of UKF based Kalman filter
application is reported by Chiella et. al. [27], wherein a
robust adaptive fusion algorithm is proposed for collecting
data in an actual forest environment.

fast and slow modes estimates a wind-gust disturbance,
which is to be considered as an external disturbance [31].
In a further study, an attitude estimation of a quadrotor
type aerial vehicle is addressed through an observer that is
based on Extended Kalman Filter [5]. The data losses are
model as a random process.
Extended Kalman filter is employed separately for linear
and non-linear models in the identification of unmanned
aerial vehicles. The extended Kalman filter has been
proposed for both UAV’s state and parameter estimation
[21]. The UKF has been recommended where EKF is
inadequate to deal with some of the difficulties encountered
in making the forecast of unmanned aerial vehicles [32].
Wang D. et al. propose a system to track the target and
determine the states of the UAV in non-linear situations. To
do this, a new AUKF system has been proposed by
combining the UKF and AKF [33].
Jimenez et. al. analysis the total energy control systems
in control of a UAV [42]. Furthermore, an EKF approach is
addressed to predict angular rates as well as linear
acceleration during the test flight. Both techniques are
experimentally validated on a fixed-wing UAV. In another
study, Zhang K. et al. investigate the flight control and
tracking problem of a quadrotor with model uncertainties
and external disturbances [30]. A linear-quadratic regulation
(LQR) tracking algorithm is addressed, however, several
difficulties such as high nonlinearities, coupled dynamics,
parameter variations, and uncertainties in the system
dynamics, are encountered in LQR design. To overcome
these drawbacks, an Extended Kalman Filter (EKF) based
LQR is proposed for online estimation of position, speed,
and engine dynamics using measured outputs. It is to be
noted that more effective results can be obtained for
disturbance rejection by the use of EKF [30].
The block diagram of the controller, which is designed
based on LQR and EKF techniques, is shown in Figure 3.

Fig.2. The control system of quadrotor [37]
Fig. 3. The inner-outer control structure[30]

C. Kalman Filters for State Estimation and Control
The main purpose of using the Kalman filter is to be able
to make state-estimation, rate estimation. This filter has
increased the reliability of complex systems by reducing
noise. Kwon H. et. al. address an EKF based Sliding mode
control for attitude stabilization. The proposed algorithm
estimates the attitude state by an EKF, then stabilizes the
system with a variable structure control [4]. Song Q. et. al.
address a control scheme that combines backstepping and
PD controller for the position and attitude control,
respectively. Further, an unscented Kalman filter for both
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Hetenyi D. et. al. propose a method to check the position
of the UAV [28]. However, the presence of noise brings a
number of difficulties and makes the design of these control
systems difficult. Thus, it is necessary to filter the signals
from the sensors to create a stable and accurate
measurement. With this motivation in mind, the Kalman
filter is used to combine the ultrasonic range finders and
accelerometer signals. As a result, it has been shown that the
error generated by Kalman filter is relatively small and valid
for correct altitude application [28].
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D. Kalman Filters for Fault-Detection and Fault-Tolerant
Control of UAV
Fault detection, diagnostics, and fault-tolerant control are
important in developing control algorithms, which can deal
with failures occurring in critical tasks. A number of
research studies can be summarized as follows: Egidio
D’Amato, et. al. propose a fault-tolerant system for attitude
estimation of UAV using low-cost magnetometers,
accelerometers, and gyroscopes. The Unscented Kalman
Filter (UKF) has been used to propose an approach for
detection, isolation, and reconstruction. It reduces the effect
by identifying the error by comparing the predictions made
by the UKF with the measured variables. The disadvantage
of the filter is defined as the small delay in isolating the
faults in the use of the UKF and the increase in the
calculation cost. However, in the presence of a double fault,
UKF guarantees a fail-safe behaviour [37].
It is important to determine the state of unmanned aerial
vehicles correctly. However, some errors, noises, and
distortions may be encountered in the state determinations.
In these cases, it is necessary to detect the faults correctly, to
eliminate their effects on the system, and to prevent the
deterioration of the system characteristics. RKF is suggested
for realizing these situations in [14].
Ngo T. et al. address a method to control the vehicles in
an unknown outdoor environment. To do this, the
complementary filter and Kalman filter are designed to
predict the exact state vector showing the movement of the
body. Experimental results are presented to validate the
design of these filters. The complementary filter takes gyro
values as major factors and accelerometer values as minor
factors. Therefore, the oscillation reflected in the angles of
the accelerometer cannot affect the system much. It follows
from this that the estimated angle of the complementary
filter is more stable than the Kalman filter [29]. When
buildings or trees block the UAV during flight, the GPS
receiver cannot receive all satellite signals and generates an
incorrect positioning signal that can be expressed as outliers
present in the measurement noise. Therefore, it is very
important to estimate the UAV's position.
It is known that faults, which have nonlinear nature, may
cause fatal damages in unmanned systems. An AKF is
proposed by Weimer F. et al. [36] to detect faults as well as
to make correct definitions when different faults are
encountered. In a further study, an actuator based sensor
fault detection, as well as diagnosis algorithm, are presented
in [34]. An actuator fault detection and diagnosis algorithm
are proposed for a quadrotor type aerial robot in the
presence of external disturbances [38]. The proposed
strategy is based on an adaptive augmented state Kalman
filter. A neural network-based system has been proposed to
detect malfunctions in unmanned aerial vehicles. This
system is strengthened with EKF. It is also used to update
the parameters in the EKF Neural Network [35]. Liang Y. et
al. propose EKF to detect the error in the UAV's navigation
system and to obtain the correct values in the presence of
any error [36].
V. CONCLUSION
The practical improvements of UAVs have been
increasing with the development of control system
technologies,
signal
processing
methods,
and
communication capabilities. However, the design,
modelling, and control of UAVs bring a number of
challenges due to the highly complex nonlinear nature.
The main goal of the current research is to explore
Kalman filtering techniques devoted to system identification,
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sensor fusion, state estimation, fault detection, fault-tolerant
control of UAVs. Furthermore, it is aimed to guide the
control researchers on the filtering techniques during the
modelling and control of critical systems. With this
motivation in mind, recent studies on Kalman filtering for
UAV applications are addressed.
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Abstract - During the design of the foundations, many
parameters such as soil class, soil properties, drainage conditions,
type of structure should be taken into consideration. In case these
parameters are not examined sufficiently, uneconomical,
overdesigned foundations can be constructed. For this purpose,
different soil models such as Mohr-Coulomb (MC), Hardening
Soil (HS), Soft Soil (SS) have been developed in the evaluation of
geotechnical engineering. On the other hand, various soil
mechanic theories were developed to define the bearing capacity
of the soils (Terzaghi, Meyerhof, Hansen, Vesic, etc.).
In this study, five projects constructed on different soil classes
were analyzed with Plaxis. Moreover, the bearing capacities of the
different soil classes were calculated with extensively used bearing
capacity theories. By comparing the analysis outputs with the
bearing capacity theories, more consistent and reasonable results
were determined.
Keywords - Bearing capacity theories, finite element method,
soil models.

I. INTRODUCTION
Foundation design in geotechnical engineering should be made
by considering many parameters. One of these parameters and
the most important is the soil models used in the analysis
(Linear elastic, Mohr-Coulomb, Soft soil, Soft soil creep,
hardening soil, jointed-rock model etc.). On the other hand, the
bearing capacity of the soil plays a critical role in the design
process. Bearing capacity theories that differ from each other in
many ways have been developed (Terzaghi, Meyerhof, Hansen,
Vesic, Prandtl, Bowles, Parry, Pressiometer etc.). These
parameters are important for getting more accurate results in
analysis and making more economical designs.
Ercan (2001), based on Krinitzsk's approach to static bearing
capacity of the ground for building foundations, developed the
bearing capacity and soil safety stress relationship accordingly.
It has been determined that the results obtained from the
approach are consistent with the laboratory results [5].
Castaldo et al. (2014) investigated the seismic properties of
reinforced concrete structures around deep excavations before
and after excavation. For analysis, a finite element based
program that takes into account the soil-structure interaction
was used. The behavior of the soil against seismic effects was
determined using HS and MC models. As a result of the
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analysis, significant differences were determined between the
seismic behavior of the reinforced concrete structure before and
after the excavation [3].
Hsiung et al., (2016) examined the excavation support
systems built in an area of thick sand layer in Kaohsiung,
Taiwan, with various computer models. The results of the
analysis performed with the HS, HS (SS) and MC models in the
PLAXIS program were compared with the field results [7].
In this study, five different projects have been analyzed using
different soil models. Analyzes have been made by considering
projects with different engineering characteristics and soil
conditions. Bearing capacities of soils have been calculated
using different theories. Analysis and calculation results were
compared and plausible result pairs were determined.
II.

METHOD

A. Bearing Capacity Theories
Terzaghi’s bearing capacity theory; Terzaghi (1943) was
concerned with the bearing strength of rough, rigid, shallow and
varietal foundations resting on homogeneous ground [11]. The
sliding surface of this method is given in Figure 1. Here, only
bearing capacity factors that vary depending on the internal
friction angle of the ground are used.

Figure 1. The sliding surface of a continuous, rough, rigid
foundation [8]

The equation Terzaghi uses;
c  N c  sc  V z  N q  0.5  J  B  NJ  sJ

qn

(1)

Meyerhof’s bearing capacity theory; unlike the Terzaghi
theory, Meyerhof (1951) includes the part of the sliding surface
that remains above the foundation base in the calculation [9]. In



International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

addition, the angle made by the wedge with the horizontal axis
is equal to ࢥ. The foundation base must frictional as in the
Terzaghi method. Meyerhof developed Terzaghi's equations
with shape, depth, slope factors and obtained the following
equation.
qn c  N c  sc  d c  V z  N q  sq  d q  0.5  J  B  NJ  sJ  dJ (2)
Hansen’s bearing capacity theory; Hansen (1961)
developed the formula by adding load slope angle factors, soil
slope factors and fundamental deviation factors to Meyerhof's
formulas [6]. Hansen bearing strength formula is as follows.
qn c  N c  sc  d c  ic  g c  bc  V z  N q  sq  d q  iq  g q  bq
(3)
0.5  J  B  NJ  sJ  dJ  iJ  gJ  bJ
Vesic’s bearing capacity theory; although Vesic (1973)
bearing capacity calculation method is similar to the bearing
capacity method developed by Hansen, some parameters vary
[12]. Vesic did not take into account the eccentricity effect in
his calculations and accepted the basic dimensions as is.
Prandtl’s plastic equilibrium theory;
The Prandtl plastic equilibrium theory formula is as follows.
ª
JB
I ·º
§
qu «c  cot I 
tan ¨ 45  ¸ »
2
2 ¹¼
©
(4)
¬

I · S tan I º
ª 2§
 1»
« tan ¨ 45  2 ¸ e
©
¹
¬
¼
Bowles’s bearing capacity calculation; this method
assumes that the basic bearing capacity calculated according to
the SPT-N numbers are obtained by staying on the very safe
side. Equations used for this method;
N
(5)
B  F4
qe
 Kd
F1
qe

N
F2

2

§ B  F3 ·
¨
¸ Kd
© B ¹

B ! F4

(6)

D
(7)
d 1.33
B
Parry’s bearing capacity calculation; Parry (1977) referred
to the safe bearing capacity calculation for noncohesive
granular floors [10]. The equation used for this method;
(8)
qe 30 N 55
Kd

1  0.33*

Bearing capacity calculation with pressiometer
Experiment; with this experiment, the ultimate bearing
capacity of the soil is calculated as follows.
(9)
qn V z  kbc * pmaks  V h
B. Soil Models
Linear elastic model (LE); is the most common material
model. The linear elastic model is insufficient in solutions
because soils show nonlinear behavior. In this model, since the
stress state is not restricted, infinite stiffness occurs in the
material and the model behaves out of reality.
Mohr–Coulomb model (MC); examines the stress-strain
curve of the soil in two regions. In the first region of this graph,
the soil is assumed to be elastic. In its second zone, the floor is
considered to be perfectly plastic. In this model, the stresses are
considered to be equal to the values of the soil at the moment of
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failure criteria. Therefore, this model is used in the preliminary
analysis of systems. In this model, it is assumed that the
stiffness of the soil layers does not differ with depth. Usually;
It is used in the safety analysis of retaining walls, earthfill dams,
slopes, and is used in the bearing capacity of shallow foundation
projects.
Soft soil model (SSM); The soft soil model was developed
by Brinkgreve, R.B.J. (2002) [2]. This model is based on the
Mohr-Coulomb criterion on the yield surface. This model is
used on soft soils with high compressibility and normally
consolidated soils under primary compression conditions.
Soft soil creep model (SSCM); It is used on soft soils with
different properties, which are clayey silts, peat soils and
normally consolidated clay. Considering the creep behavior in
this model, it is assumed that the elastic deformation is
instantaneous, the plastic deformation is only viscous and will
develop over time.
Hardening soil model (HS); this model developed by
Duncan and Chang (1970) is suitable for different types of soft
and hard soils [4]. Although this model is considered suitable
for all soil types, it is not used on such soils because it cannot
take into account the viscous effects such as shrinkage-stress
relaxation in soft soils and the time-dependent compression
behavior in normally consolidated clays. This model will give
near accurate results for gravels, sands, silts and clays.
Jointed – Rock Model (JR); It is an anisotropic elastoplastic
model in which plastic slip occurs only in a limited number of
slip directions. This model is often used when modeling bedded
rocks and compound rocks.
C. Finite Element Method
Plaxis program is a finite element program used in
geotechnical engineering projects and provides a rapid
generation of mixed finite element models. The finite element
method is an approximate method and realistic results can be
obtained with sufficient elements. It is necessary to create a
model for each project first. There are three main types of
components found in a model geometry. These; dots, lines, and
cells.
In addition, the Plaxis package program consists of four
main sections.
• Input
• Calculation
• Output
• Curves
In the modeling phase, first of all, the properties of the soil
layers are determined. Then the load on the foundation and
foundation is given. After these are completed, mesh is applied
to the soil. After the groundwater level is determined, the
solution window is passed. Steps should be created for the
solution in the calculation window. After the stages are created,
the solution is started. If there is no problem in the solution, the
graphic reading process is started. After the calculation, axial
force, shear force, moment value and total displacement results
are obtained. With the values read from these graphs obtained,
the stresses occurring at the foundation can be calculated.
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III. GENERAL INFORMATIONS ABOUT PROJECT
I. Project Data
In this project, Mohr-Coulomb Model and Hardening Soil
Model were used considering the soil profiles. The idealized
soil profile and information about the building are given below.
Table 1. Building information

Province
ø]PLU
Menemen
District
780 m2
Base area
B
20 m
L
39 m
Df
3.6 m
Floor
9
Total height 22.00 m

Table 3. Building information

Province
District
Base area
B
L
Df
Floor
Total height

ø]PLU
7RUEDOÕ
1560 m2
26 m
60 m
5.6 m
9
24.00 m

Figure 4. Idealized soil profile

IV.Project Data
In this project, Mohr-Coulomb Model, Soft Soil Model and
Hardening Soil Model were used considering the soil profiles.
The idealized soil profile and information about the building are
given below.
Figure 2. Idealized soil profile

II.Project Data
In this project, Mohr-Coulomb Model and Hardening Soil
Model were used considering the soil profiles. The idealized
soil profile and information about the building are given below.
Table 2. Building information

Province
District
Base area
B
L
Df
Floor
Total height

ø]PLU
Buca
1200 m2
20 m
60 m
17.6 m
14
29.50 m

Figure 3. Idealized soil profile

III.Project Data
In this project, Mohr-Coulomb Model and Hardening Soil
Model were used considering the soil profiles. The idealized
soil profile and information about the building are given below.

E-ISBN: 978-625-44427-4-2

Table 4. Building information

Province
District
Base area
B
L
Df
Floor
Total height

ø]PLU
Bornova
800 m2
20 m
40 m
3.52 m
11
32.00 m

Figure 5. Idealized soil profile

V.Project Data
In this project, Mohr-Coulomb Model, Soft Soil Model and
Hardening Soil Model were used considering the soil profiles.
The idealized soil profile and information about the building are
given below.
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Table 5. Building information

Province
District
Base area
B
L
Df
Floor
Total height

Table 7. Foundation stress

MC
Foundation
ıf(long) ıf(short)
Stress
2
kN/m
37.51 72.28

ø]PLU
Konak
400 m2
20 m
20 m
7.17 m
11
30.70 m

HS
ıf(long)

ıf(short)

35.82

60.26

According to these tables, the highest qt value was reached
with the Prandtl bearing capacity method and the lowest qt
value with the Bowles bearing capacity method. In this project,
the closest to the value obtained from the plaxis was reached by
the Bowles bearing capacity method.
II.Project
In this project, calculations were made using 8 different
bearing capacity methods. The results obtained from these are
given in Table 8.
Table 8. Stress values obtained from bearing capacity methods

Figure 6. Idealized soil profile

IV. ANALYSIS RESULTS AND DISCUSSION
I.Project
In this project, calculations were made using 8 different
bearing capacity methods. The results obtained from these are
given in Table 6.
Table 6. Stress values obtained from bearing capacity methods

Bearing Capacity
Methods
Terzaghi
Meyerhof
Hansen
Vesic
Prandtl
Bowles
Parry
Presiyometre

Short g
qt (kN/m2)
1974.48
1926.30
1571.26
2002.14
2161.54
292.34
642.86
613.16

g g
qt (kN/m2)
3033.06
2995.03
2240.23
2492.02
4060.33
292.34
642.86
613.16

Bearing Capacity
Methods

Short Edge
qt (kN/m2)

Long Edge
qt (kN/m2)

Terzaghi
Meyerhof
Hansen
Vesic
Prandtl
Bowles
Parry
Presiyometre

8434.57
29598.68
26110.49
28781.00
14619.05
178.04
321.43
916.46

13747.03
5285.10
39523.20
29914.24
42124.67
178.04
321.43
916.46

The soil bedding value of this project has been given as
69000kN/m3. Based on this information, the stresses belonging
to the foundation are given in Table 9.
Table 9. Foundation stress

MC
Foundation
ıf(long) ıf(short)
Stress
2
kN/m
93.84 176.64

HS

ıf(long)

ıf(short)

39.01

77.28

According to these tables, the highest qt value was reached
with the Meyerhof bearing capacity method and the lowest qt
value with the Bowles bearing capacity method. In this project,
the closest to the value obtained from the plaxis was reached by
the Bowles bearing capacity method.
III.Project
In this project, calculations were made using 8 different
bearing capacity methods. The results obtained from these are
given in Table 10.

The soil bedding value of this project has been given as
6500kN/m3. Based on this information, the stresses belonging
to the foundation are given in Table 7.
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Table 10. Stress values obtained from bearing capacity methods

Bearing Capacity
Methods
Terzaghi
Meyerhof
Hansen
Vesic
Prandtl
Bowles
Parry
Presiyometre

Sh t Ed
qt (kN/m2)
2940.81
819.40
820.08
992.63
838.46
313.12
685.71
570.29

L
Ed
qt (kN/m2)
3704.95
1007.89
969.49
1161.71
1495.20
313.12
685.71
570.29

The soil bedding value of this project has been given as
20000kN/m3. Based on this information, the stresses belonging
to the foundation are given in Table 11.
Table 11. Foundation stress

MC
Foundation
Stress
kN/m2

HS

ıf(long) ıf(short) ıf(long) ıf(short)
458

725

173.4

287.8

According to these tables, the highest qt value was reached
with the Terzaghi bearing capacity method and the lowest qt
value with the Bowles bearing capacity method. In this project,
the closest to the value obtained from the plaxis was reached by
the Parry bearing capacity method.

IV.Project
In this project, calculations were made using 8 different
bearing capacity methods. The results obtained from these are
given in Table 12.
Table 12. Stress values obtained from bearing capacity methods

Bearing Capacity
Methods
Terzaghi
Meyerhof
Hansen
Vesic
Prandtl
Bowles
Parry
Presiyometre

Short Edge Long Edge
qt (kN/m2) qt (kN/m2)
3254.03
534.67
538.34
616.80
514.17
184.92
407.14
415.63

3566.54
577.93
570.33
660.77
711.45
184.92
407.14
415.63

The soil bedding value of this project has been given as
24000kN/m3. Based on this information, the stresses belonging
to the foundation are given in Table 13.
Table 13. Foundation stress

MC
HS
Foundation
ıf(short)
ıf(long)
ıf(long)
Stress
2
kN/m
3179.04 6372.96 1434.24
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According to these tables, the highest qt value was reached
with the Terzaghi bearing capacity method and the lowest qt
value with the Bowles bearing capacity method. In this project,
the closest to the value obtained from the plaxis was reached by
the Terzaghi bearing capacity method.
V.Project
In this project, calculations were made using 8 different
bearing capacity methods. The results obtained from these are
given in Table 14.
Table 14. Stress values obtained from bearing capacity methods

Bearing Capacity
Methods
Terzaghi
Meyerhof
Hansen
Vesic
Prandtl
Bowles
Parry
Presiyometre

qt (kN/m2)

1882.01
1069.31
990.35
1148.75
839.89
205.73
428.57
561.03

The soil bedding value of this project has been given as
20000kN/m3. Based on this information, the stresses belonging
to the foundation are given in Table 15.
Table 15. Foundation stress

Foundation
Stress
kN/m2

MC

HS-SS

ıf

ıf

1575

312

According to these tables, the highest qt value was reached
with the Terzaghi bearing capacity method and the lowest qt
value with the Bowles bearing capacity method. In this project,
the closest to the value obtained from the plaxis was reached by
the Terzaghi bearing capacity method.
V. CONCLUSION
The following information can be obtained based on the
results of the projects belonging to the five different soil classes
we use:
x In the stresses calculated from the results obtained
with the Plaxis program, it was seen that the highest
stress was found with the Mohr-Coulomb soil
model.
x Among the used bearing capacity methods, it has
always been observed that the lowest value belongs
to the Bowles bearing capacity theory.
x In the same soil layers, with the hardening soil
model, lower stresses were obtained than the MohrCoulomb soil model.
x It has been observed that the Terzaghi bearing
capacity method gives more suitable results in
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cohesive soils.
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$QDO\VLVRI5HWDLQLQJ6WUXFWXUHVZLWK'LIIHUHQW
(QJLQHHULQJ&KDUDFWHULVWLFV8VHGLQ'HHS
([FDYDWLRQV
0 .hdh.%$<5$.DQG+)38/$7


.DWLS&HOHEL8QLYHUVLW\,]PLU7XUNH\NXFXNED\UDNPHKPHW#JPDLOFRP

 DWLS&HOHEL8QLYHUVLW\,]PLU7XUNH\KILUDWSXODW#LNFHGXW 

Abstract1RZDGD\VGHHSH[FDYDWLRQVDUHIUHTXHQWO\XVHGDVD
UHVXOW RI LQFUHDVLQJ XUEDQL]DWLRQ DQG GHFUHDVLQJ FRQVWUXFWLRQ
DUHDV,QWKLVSDSHUGHHSH[FDYDWLRQVDQGWKHGHVLJQDQGVHOHFWLRQ
FULWHULD RI WKHVH HOHPHQWV DUH GLVFXVVHG :LWKLQ WKH VFRSH RI WKH
VWXG\ EDVHG RQ ILYH GLIIHUHQW SURMHFWV  UHWDLQLQJ VWUXFWXUH
V\VWHPPRGHOVZLWKGLIIHUHQWIHDWXUHVZHUHFUHDWHG7KHQXPHULFDO
DQDO\VLV VRIWZDUH 3/$;,6 ' YHUVLRQ   ZKLFK LV
IUHTXHQWO\ XVHG LQ WKH VROXWLRQ RI JHRWHFKQLFDO HQJLQHHULQJ
SUREOHPV DQG XVHV WKH ILQLWH HOHPHQWV PHWKRG LV XVHG IRU WKH
DQDO\VLVRIWKHVHPRGHOV:LWKWKHPRGHOVFUHDWHGWKHHIIHFWVRI
YHUWLFDOUHWDLQLQJHOHPHQWVHOHFWLRQPDWHULDOPRGHOVHOHFWLRQDQG
VRLO HQJLQHHULQJ SURSHUWLHV RQ WKH SHUIRUPDQFH RI WKH UHWDLQLQJ
V\VWHP ZHUH H[DPLQHG $V D UHVXOW LW KDV EHHQ GHWHUPLQHG WKDW
ZKLOHVLPLODUIRUFHDQGPRPHQWYDOXHVDUHREWDLQHGLQGLIIHUHQW
YHUWLFDO UHWDLQLQJ HOHPHQWV VRLO HQJLQHHULQJ SURSHUWLHV DQG
HVSHFLDOO\WKHFKRLFHRIPDWHULDOPRGHOKDYHVHULRXVHIIHFWVRQWKH
UHVXOWV
KeywordsERUHGSLOHGLDSKUDJPZDOOSHUIRUPDQFHDQDO\VLV
UHWDLQLQJVWUXFWXUHVVWHHOVKHHWSLOH



H[SHFWHG$FFRUGLQJ WR*HQo>@ %DVLFYDULDEOHVVXFKDV WKH
LQWHUQDOIULFWLRQDQJOHRIWKHVRLOXQLWZHLJKWFRKHVLRQYDOXH
DQGWKHLQWHUDFWLRQEHWZHHQWKHUHWDLQLQJVWUXFWXUHDQGWKHVRLO
DUH XVHG LQ WKH SURMHFW SKDVH 7KH ODWHUDO VRLO SUHVVXUH
GLVWULEXWLRQLVREWDLQHGIURPWKHEDVLFSDUDPHWHUVVXFKDVODWHUDO
IRUFHV DQG VKHDU IRUFHV WKDW RFFXU ZLWK WKH HIIHFW RI WKHVH
YDULDEOHV $V D UHVXOW WKH PRVW HFRQRPLFDO W\SH RI UHWDLQLQJ
VWUXFWXUH LV GHVLJQHG SURYLGHG WKDW LW LV D VDIH VWUXFWXUH LQ
DFFRUGDQFHZLWK HQJLQHHULQJSULQFLSOHV 7KH PDLQ SXUSRVH RI
WKLV VWXG\ LV WR VHOHFW WKH PRVW DSSURSULDWH UHWDLQLQJ HOHPHQW
W\SH FDOFXODWLRQ DQG PRGHOLQJ PHWKRG LQ WHUPV RI VDIHW\
DHVWKHWLFVDQGILQDQFLDODVSHFWVDFFRUGLQJWRWKHSURMHFWWREH
UHDOL]HGDQGWKHHQJLQHHULQJSURSHUWLHVRIVRLO
:LWKLQWKHVFRSHRIWKLVVWXG\DWRWDORIV\VWHPPRGHOV
ZHUH FUHDWHG EDVHG RQ ILYH SURMHFWV DQG WKHVH PRGHOV ZHUH
DQDO\]HGE\XVLQJWKH3OD[LV' YHUVLRQ VRIWZDUH%\
V\VWHPDWLFDOO\ FRPSDULQJ WKH REWDLQHG DQDO\VLV UHVXOWV WKH
HIIHFWV RIYHUWLFDOUHWDLQLQJHOHPHQWVHOHFWLRQPDWHULDOPRGHO
VHOHFWLRQ DQG VRLO HQJLQHHULQJ SURSHUWLHV RQ UHWDLQLQJ V\VWHP
GHVLJQZHUHLQWHUSUHWHG

, ,1752'8&7,21

HWDLQLQJ VWUXFWXUHV DUH EXLOGLQJ HOHPHQWV XVHG WR FXW WKH
VRLOVXUIDFHLQDYHUWLFDOSODQHDQGFUHDWHDJURXQGVXUIDFH
RQERWKVLGHVDWWZRGLIIHUHQWHOHYDWLRQOHYHOV>@1RZDGD\V
WKHUDSLGO\LQFUHDVLQJSRSXODWLRQHVSHFLDOO\LQPHWURSROLWDQV
KDV FDXVHG LQWHQVH FRQVWUXFWLRQ WKH GHFUHDVH RI WKH VXUIDFH
DUHDVRYHUWLPHKDVPDGHYHUWLFDOFRQVWUXFWLRQDERYHDQGEHORZ
WKH JURXQG QHFHVVDU\ 7KLV VLWXDWLRQ EULQJV ZLWK LW WKH
REOLJDWLRQ WR FDUU\ RXW H[FDYDWLRQV LQ ODUJHU DUHDV ZKLFK DUH
JHWWLQJ GHHSHU DQG GHHSHU ,Q WKH IDFH RI DOO WKHVH QHHGV RXU
FLYLOL]DWLRQ KDV GHYHORSHG UHWDLQLQJ VWUXFWXUHV 5HWDLQLQJ
VWUXFWXUHV FDQ EH EXLOW LQ H[FDYDWLRQ DQG ILOOLQJ DUHDV GHHS
H[FDYDWLRQV URDG ERGLHV DV ZHOO DV LQ GLIIHUHQW FLYLO
HQJLQHHULQJVXEGLVFLSOLQHVVXFKDVEULGJHVGDPVSRUWVFDQDOV
DQGIORRGSUHYHQWLRQVWUXFWXUHV
7KH FRQFHSW RI 'HVLJQ RI 5HWDLQLQJ 6WUXFWXUHV LV DPRQJ
WKHVXEMHFWVWKDWFRQVWLWXWHWKHILUVWNQRZQDQGDYDLODEOHZULWWHQ
VRXUFHVRIHQJLQHHULQJSULQFLSOHVUHJDUGLQJVRLOPHFKDQLFV7KH
HPHUJHQFH RI UDWLRQDO PHWKRGV IRU WKH GHVLJQ RI UHWDLQLQJ
VWUXFWXUHV LV EDVHG RQ WKH ZRUN RI *DXWLHU LQ  ZKR
SURSRVHGDSURSRUWLRQDOPHWKRGIRUJUDYLW\UHWDLQLQJVWUXFWXUHV
7KH VWXGLHV RI &RORXPE   DQG 5DQNLQH   RQ WKH
RWKHU KDQG IRUP WKH EDVLV RI RXU FXUUHQW XQGHUVWDQGLQJ RI
ODWHUDOIRUFHVDIIHFWLQJWKHUHWDLQLQJVWUXFWXUHV>@'XULQJWKH
GHVLJQSKDVHRIUHWDLQLQJVWUXFWXUHVVRLOSDUDPHWHUVDUHXVHGDV
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,, 0(7+2'6
,Q WKLV VWXG\ ZKLFK LV FODVVLILHG DV IOH[LEOH UHWDLQLQJ
VWUXFWXUHV DQG LV QRZ IUHTXHQWO\ XVHG LQ GHHS H[FDYDWLRQV
GLDSKUDJPZDOOWHFKQLTXHERUHGSLOHZDOOFRYHULQJVDQGVKHHW
SLOH ZDOOV ZLOO EH GLVFXVVHG ,Q DGGLWLRQ VWUXW DQG DQFKRU
WHFKQLTXH ZKLFK DSSHDU DV LQWHUQDO EUDFHG PHPEHUV LQ GHHS
H[FDYDWLRQDSSOLFDWLRQVZLOOEHGLVFXVVHG
$VLWLVNQRZQDIWHUDGHHSH[FDYDWLRQUHWDLQLQJVWUXFWXUHV
XQGHUWDNHWKHWDVNRIVLPXODWLQJWKHLQWHUQDOIRUFHVRIWKHEHIRUH
H[FDYDWLRQVRLOZKLFKLVLQDVWDWHRIEDODQFH'XULQJWKHGHVLJQ
RI D UHWDLQLQJ VWUXFWXUH WKH ODWHUDO HDUWK SUHVVXUHV LQ DFWLYH
SDVVLYHDQGEDODQFHVKRXOGEHFDOFXODWHGE\WDNLQJLQWRDFFRXQW
WKHLQWHUQDOIRUFHVRIWKHVRLODQGWKHIRUFHVFDXVHGE\H[WHUQDO
HIIHFWV>@

)LJXUH(DUWKSUHVVXUHVRQDUHWDLQLQJVWUXFWXUHRIKHLJKW ܪ
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&RQVLGHULQJWKHVRLODQGUHWDLQLQJVWUXFWXUHPRGHOLQ)LJXUH
 D  DUHWDLQLQJZDOO DW ܪKHLJKW VRLOEHKLQGLWZLWKߛXQLW
ZHLJKWDQGDVXUFKDUJHORDGݍRQWKHVRLODUHVHHQ
$W WKLVSRLQWLWZLOOEHXVHIXOWR EULHIO\PHQWLRQDERXW WKH
&RXORPEDQG5DQNLQH7KHRULHVZKLFKDUHDFFHSWHGDVFODVVLFDO
ODWHUDOHDUWKSUHVVXUHWKHRULHV
,QRUGHUWRVLPSOLI\WKHVROXWLRQRIDSUREOHPUHODWHGWRODWHUDO
HDUWKSUHVVXUHWKHDVVXPSWLRQVWREHPDGHLQ5DQNLQH7KHRU\
DUHOLVWHGEHORZ
 7KHVRLOLVKRPRJHQHRXVLVRWURSLFFRKHVLRQOHVVDQGKDV
DQLQWHUQDOIULFWLRQDQJOH
 7KHVRLOEHKLQGWKHUHWDLQLQJVWUXFWXUHLVLQWKHIRUPRID
ULJLGZHGJHWULDQJXODUDQGIDLOHGDORQJDSODQH
 7KHIDLOXUHLVKDQGOHGDVDGLPHQVLRQDOSUREOHP
 )ULFWLRQ UHVLVWDQFH HYHQO\ GLVWULEXWHG WKURXJKRXW WKH
IDLOXUHVXUIDFH
 )ULFWLRQEHWZHHQWKHVRLODQGVWUXFWXUHZLOOEHQHJOHFWHG
>@
2Q WKH RWKHU KDQG WKH PRVW REYLRXV DQG PRVW LPSRUWDQW
GLIIHUHQFHRI&RXORPE7KHRU\VWHPVIURPWKHDVVXPSWLRQVRI
LW&RXORPE 7KHRU\ FRQWUDU\ WR 5DQNLQH7KHRU\ DFFHSWV WKH
H[LVWHQFHRIDIULFWLRQDQJOHEHWZHHQWKHVRLODQGWKHVWUXFWXUH
&RXORPE LQWHUSUHWV WKLV DV WKH DQJOH RI WKH FRPELQDWLRQ RI
QRUPDODQGVKHDUIRUFHVRQWKHZDOOZLWKWKHQRUPDORIWKHZDOO
>@
2QH RI WKH LPSRUWDQW YDULDEOHV RI WKH VWXG\ LV WKH PDWHULDO
PRGHOVRIVRLO7KHUHDUHGLIIHUHQWPDWHULDOPRGHOVWKDWFDQEH
XVHGWRVROYHHQJLQHHULQJSUREOHPVHQFRXQWHUHGLQJHRWHFKQLFDO
HQJLQHHULQJ 6LJQLILFDQW GLIIHUHQFHV FDQ DULVH EHWZHHQ WKH
UHVXOWV RI WKH DQDO\]HV SHUIRUPHG ZLWK WKHVH PRGHOV ,Q WKH
DQDO\]HVPDGHLQWKLVVWXG\0RKU&RXORPEPRGHODQGDQRWKHU
PDWHULDOPRGHOZKLFKLVVXLWDEOHIRUDOOILYHSURMHFWVDQGWKHLU
VRLO W\SH ZDV XVHG $IWHUZDUGV WKH DQDO\VLV UHVXOWV ZHUH
FRPSDUHGDQGWKHGLIIHUHQFHVZHUHWULHGWREHUHYHDOHG
7KH0RKU&RXORPEPRGHOLVDVLPSOHDQGZHOONQRZQOLQHDU
HODVWLFSHUIHFWO\SODVWLFEHKDYLRUPRGHO7KLVPRGHOLVDPRGHO
WKDW FDQ EH XVHG DV WKH ILUVW DSSURDFK LQ PRGHOLQJ WKH VRLO
EHKDYLRUWKXVFRQWULEXWLQJWRDJHQHUDOLGHDDERXWWKHSUREOHP
,QWKH+DUGHQLQJ6RLOPRGHOLUUHYHUVLEOHGHIRUPDWLRQVGXH
WRSULPDU\ORDGLQJLVPRGHOHGE\VKHDUKDUGHQLQJ&RPSUHVVLRQ
KDUGHQLQJLVRSHUDWHGWRPRGHOSODVWLFGHIRUPDWLRQVZKLFKDUH
LUUHYHUVLEOH FDXVHG E\ SULPDU\ FRPSUHVVLRQ LQ RHGRPHWULF
ORDGLQJ DQG LVRWURSLF ORDGLQJ ,Q RWKHU ZRUGV WKHUH DUH ERWK
W\SHVRIKDUGHQLQJLQWKLVPRGHO7KLVPRGHO
 XVHV WKH WKHRU\ RI SODVWLFLW\ UDWKHU WKDQ WKH WKHRU\ RI
HODVWLFLW\
 LQFOXGHVVRLOGLODWDWLRQDQG
 WDNHVLQWRDFFRXQWWKH\LHOGLQJEHKDYLRU>@
$VLVNQRZQ3OD[LV' YHUVLRQ VRIWZDUHXVHV
ILQLWH HOHPHQW PHWKRG LQ LWV DQDO\VLV DQG FDOFXODWLRQV $V LQ
HYHU\DUHDDOVRLQJHRWHFKQLFDOHQJLQHHULQJWKHILQLWHHOHPHQW
PHWKRGDLPVWRVLPSOLI\DFRPSOH[VROXWLRQE\GLYLGLQJDELJ
SUREOHPLQWRVPDOOHUSUREOHPV6LQFHLWZRXOGEHGLIILFXOWDQG
WLPHFRQVXPLQJWRDQDO\]HDVWUXFWXUHZLWKFRPSOH[JHRPHWU\
LW LV EDVHG RQ WKH ORJLF RI FUHDWLQJ D ILQLWH HOHPHQW PHVK E\
GLYLGLQJWKHVWUXFWXUHLQWRVPDOOSDUWVDQGUHDFKLQJDFRQFOXVLRQ
DERXWWKHZKROHIURPWKHSDUW>@
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SURMHFWV D WRWDO RI  GLIIHUHQW PRGHOV ZHUH FUHDWHG 7KH
JHQHUDOIHDWXUHVRIWKHVHILYHSURMHFWVDUHDVLQ7DEOH
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,Q WKH VWXG\ ILUVWO\ HDFKSURMHFW FUHDWHG ZDV PRGHOHG DQG
WKHQ WKUHH YDULDEOHV YHUWLFDO UHWDLQLQJ HOHPHQW W\SH VRLO
PDWHULDOPRGHODQGVRLOIRUPDWLRQ ZHUHFKDQJHGUHVSHFWLYHO\
DQGWKHPRGHOVWKDWHPHUJHGZLWKGLIIHUHQWFRPELQDWLRQVZHUH
DQDO\]HG:KLOHFDUU\LQJRXWDOOWKHVHVWXGLHVLVVXHVVXFKDVWKH
FRQVLVWHQF\ RI WKH SURMHFW GDWD DQG WKH DFFHSWDELOLW\ RI
GHIRUPDWLRQV LQ WKH V\VWHP DV D UHVXOW RI WKH DQDO\VLV ZHUH
H[FOXGHGIURPWKHVFRSHRIWKHVWXG\7KHDLPLVWRHYDOXDWHWKH
GLIIHUHQFHVLQUHVXOWVEHWZHHQPRGHOVHVWDEOLVKHGZLWKH[DFWO\
WKHVDPHIHDWXUHVH[FHSWIRUYDULDEOHV
6LQFHDPL[HGVRLOSURILOHZLWKJUDQXODUDQGSODVWLFPDWHULDO
OD\HUVLQWKHVDPHSURILOHZDVFUHDWHGLQ3URMHFWDQDOWHUQDWLYH
VRLO SURILOH ZDV QRW SURGXFHG +RZHYHU WKH VRLO SURILOH ZDV
IRUPHGIURPFRPSOHWHO\SODVWLFPDWHULDOOD\HUVLQ3URMHFWDQG
FRPSOHWHO\JUDQXODUPDWHULDOOD\HUVLQ3URMHFW3URMHFWDQG
3URMHFW)RUWKLVUHDVRQDVRLOSURILOHZLWKWKHRSSRVLWHIHDWXUH
RI WKHVH VRLO SURILOHV ZDV DOVR DSSUR[LPDWHO\ FUHDWHG DQG WKH
DQDO\]HVZHUHUHSHDWHGLQRUGHUWREHDQDOWHUQDWLYH7KXVWKH
HIIHFW RI WKH VRLO IRUPDWLRQ EHLQJ JUDQXODU RU SODVWLF RQ WKH
SHUIRUPDQFHRIWKHUHWDLQLQJV\VWHPVKDVDOVREHHQREVHUYHG
$OO RI WKH V\VWHP PRGHOLQJ DQG DQDO\VLV ZHUH FDUULHG RXW
ZLWKWKH3OD[LV' YHUVLRQ VRIWZDUH:KLOHFUHDWLQJ
WKH PRGHOV VRPH DVVXPSWLRQV KDYH EHHQ PDGH ZKHQ
GHWHUPLQLQJDOWHUQDWLYHYHUWLFDOUHWDLQLQJHOHPHQWVGHWHUPLQLQJ
WKH SDUDPHWHUV RI WKH RSSRVLQJ VRLO IRUPDWLRQ RU PDNLQJ
WUDQVLWLRQEHWZHHQPDWHULDOPRGHOV





7KHYDULDEOHV³0RGHO´³(OHPHQWV´³/HQJWK´³)RUFH´
DQG³7LPH´ZHUHFKRVHQDV³3ODLQVWUDLQ´³1RGHG´
³P´³N1´DQG³GD\´UHVSHFWLYHO\
6WUXWV ZHUH PRGHOHG XVLQJ WKH QRGHWRQRGH DQFKRU
HOHPHQW
)RU DQFKRUV DQFKRU HOHPHQW IRU IUHH OHQJWK DQG
JHRJULGHOHPHQWIRUERQGOHQJWKZHUHSUHIHUUHG
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H[DPLQHGWKHD[LDOIRUFHYDOXHVKDYHLQFUHDVHGIRUDOOPRGHOV
ZKHQWKH+DUGHQLQJ6RLO +6 PDWHULDOPRGHOLVSUHIHUUHG,Q
DGGLWLRQLWKDVEHHQREVHUYHGWKDWWKHVKHDUIRUFHDQGPRPHQW
YDOXHV LQFUHDVH LQ PRVW RI WKH PRGHOV ZKHQ +DUGHQLQJ 6RLO
+6 PDWHULDOPRGHOVDUHSUHIHUUHG
$VDQLQWHUHVWLQJUHVXOWLWZDVIRXQGWKDWWKHFKRLFHRIVRLO
PDWHULDOPRGHOKDVDOPRVWQRHIIHFWRQWKHRYHUDOOVDIHW\IDFWRUV
RIWKHV\VWHPV

>@

/RRN %  +DQGERRN RI *HRWHFKQLFDO ,QYHVWLJDWLRQ DQG 'HVLJQ 7DEOHV
7D\ORU )UDQFLV 

Performance of Retaining Systems in Different Soil
Formations
%\ OHDYLQJ DOO WKH UHPDLQLQJ SDUDPHWHUV WKH VDPH
SHUIRUPDQFHGLIIHUHQFHVLQUHWDLQLQJV\VWHPVZKLFKRFFXURQO\
E\ FKDQJLQJ WKH VRLO IRUPDWLRQV RI WKH V\VWHPV KDYH EHHQ
H[DPLQHG,WLVVHHQWKDWWKHUHDUHXQVWDEOHILQGLQJVDERXWWKH
SHUIRUPDQFHVRIUHWDLQLQJV\VWHPVLQGLIIHUHQWVRLOIRUPDWLRQV
$VWKHPRVWLPSRUWDQWDQGVWDEOHILQGLQJLWLVREVHUYHGWKDW
WKHVDIHW\IDFWRUVREWDLQHGDVDUHVXOWRIWKHDQDO\VLVRIH[DFWO\
WKHVDPHUHWDLQLQJV\VWHPVRQJUDQXODU VDQG DQGSODVWLF FOD\ 
VRLOV GHFUHDVHG VLJQLILFDQWO\ IRU HDFK PRGHO JURXS LQ SODVWLF
VRLOV
&RQVLGHULQJ WKH IRUFH DQG PRPHQW YDOXHV RFFXUULQJ LQ WKH
FURVV VHFWLRQV RI SODWH HOHPHQWV LW LV VHHQ WKDW WKH IRUFH DQG
PRPHQWYDOXHVRFFXUULQJLQSODVWLFVRLOVDUHVWHDGLO\KLJKHU

9 &21&/86,216
$V D UHVXOW ZKHQ WKH UHVXOWV REWDLQHG IURP WKH VWXG\ DUH
H[DPLQHGLWLVVHHQWKDWWKHVHOHFWLRQRIWKHDSSURSULDWHPDWHULDO
PRGHOKDVDYHU\VHULRXVHIIHFWRQWKHIRUFHDQGGLVSODFHPHQW
YDOXHVRIWKHV\VWHPDQGHOHPHQWV
2Q WKH RWKHU KDQG LQ FRKHVLYH VRLOV WKH IRUFH DQG
GLVSODFHPHQWYDOXHVDIIHFWLQJWKHUHWDLQLQJHOHPHQWVLQFUHDVHG
GXHWRWKHORZVRLOVKHDUVWUHQJWKHIIHFWDVH[SHFWHG$VDUHVXOW
LWFDQEHHDVLO\VDLGWKDWWKHV\VWHPVDIHW\IDFWRUVZLOOGHFUHDVH
VLJQLILFDQWO\HYHQLIODUJHUVHFWLRQVDUHQRWVHOHFWHG
,WKDVEHHQREVHUYHGWKDWWKHUHZHUHQRPDMRUGLIIHUHQFHVLQ
IRUFH DQG GLVSODFHPHQW YDOXHV EHWZHHQ GLIIHUHQW UHWDLQLQJ
HOHPHQWV +HUH LW FDQ EH VWDWHG WKDW WKH IDFW WKDW DOO RI WKH
UHWDLQLQJHOHPHQWVXVHGDUHIUDJLOHUHWDLQLQJHOHPHQWVDQGWKDW
WKHFKDQJHVRIWKHUHWDLQLQJHOHPHQWGRQRWFDXVHDFKDQJHLQ
WKHDFWLYHSDVVLYHIRUFHEDODQFHRIWKHV\VWHPDUHHIIHFWLYHRQ
WKLVUHVXOW
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Abstract – This study presents the design and the complete
analysis of a novel logarithmic amplifier using second-generation
current conveyors. The circuit utilizes exponential currentvoltage characteristics of a pn-diode to obtain the logarithm of
the input signal. Unlike the opamp-based logarithmic amplifiers,
the proposed design does not suffer from instability since the
active component in the feedback loop. The simulation results
show that the logarithmic behaviour of the design could be used
in various applications.
Keywords – Logarithmic amplifier, current conveyors, pndiode.

A

II. SECOND GENERATION CURRENT CONVEYOR (CCII+)
The block diagram of the second-generation current
conveyor is given in Figure 1. Basically, CCII can be
considered as a primary block of the filter circuits.
Additionally, they are used in digital to analog converters,
amplifiers, and oscillators. CCIIs are suitable for low voltage,
high frequency, and low power applications. Y port accepts
the input voltage and transfers it to the X port. Then, the input
current at the X port is conveyed to the Z port. The signs in the
CCII+ and CCII- blocks express the same amount of output
current but in reverse directions.

I. INTRODUCTION

Logarithmic amplifier, or logger, is an amplifier that
yields an output proportional to the logarithm of the input
voltage. Logarithmic amplifiers can be used in the circuits to
convert a high dynamic range input into an output with a
determined range [1-2]. In recent years, logger circuits are
designed to achieve low power, low noise for neural and
biopotential signal acquisition in which input signals vary
between several microvolts to millivolts [3-8].
In the literature, various circuit topologies to realize a
logarithmic amplifier have been introduced. Generally, pn
diode, light-emitting diode, bipolar junction transistor, and
MOSFETs in weak inversion are utilized to obtain logarithmic
characteristics. However, trans-impedance-based topologies
suffer from several problems such as static gain, limited
output dynamic range, temperature compensation, and
necessity of voltage to current converter for current mode
operation [9]. The circuit presented here is based on the
second-generation current conveyor that is working on current
mode operation.
The second-generation current conveyor (CCII) offered by
Sedra and Smith [10] is commonly used in filters and
oscillators [11]. Current sourcing (CCII+), as well as sinking
(CCII-) current conveyors, are available in the literature.
In this work, a novel logarithmic amplifier is proposed
using two series CCII+ conveyors. A pn-diode is utilized to
obtain logarithmic characteristics. Circuit design and
simulations are performed on the PSPICE environment.
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Figure 1. Block diagrams of the second generation (a) current
source, (b) current sink current conveyors
The complete circuit schematic of the CCII+ block shown
in Figure 1(a) is given in Figure 2. General characteristics of
the second generation current conveyor can be obtained by
direct circuit analysis. As shown in the figure, the Y terminal
is the non-inverting input of the operational amplifier, which
has high input impedance. Thus,

IY 0
(1)
Voltages on the non-inverting and inverting terminals are
approximately the same due to the virtual ground of the
opamp.
VX

VY

(2)

In order to obtain the output current definition, assume I X
current flows from the X terminal towards the ground.

IX

V1  V2
R

(3)
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Figure 2. The complete circuit of the second generation current conveyor

I1

V2  V3
R1

Then,

V3  V5
R1

(4)

V5

2V3  V2

(5)

VZ

2V4  V1

(6)

and similarly,

As shown in Figure 2, the voltage of the inverting terminal
is equal to that of the non-inverting terminal, hence,

V4

Vin
R1

I X1

V3

(7)

V5  VZ

V1  V2

(8)

V5  VZ
R

V1  V2
R

(9)

by using (5) and (6),

(11)

where Vin is the input voltage. The current that conveyed to
the output of the first CCII,

ID
where, I D

I Z1

I S e(VD / nVT )

(12)

(Vin / R1 ) . Thus,

Vin
R1

I S e(VD / nVT )

(13)

Here, I S is the reverse saturation current, and VT stands for
the thermal voltage.

similarly,

Figure 3. Proposed logarithmic amplifier circuit

Therefore, the output current is equal to the input current.

IZ

IX

(10)

Hence, the current conveyor given in Figure 2 operates as
the current-sourcing mode.
III. LOGARITHMIC AMPLIFIER CIRCUIT
To achieve the proposed logarithmic amplifier, the circuit
given in Figure 3 is considered. In the circuit, the input is a
voltage on the Y terminal. Using the properties of CCII+, it
can be observed that the same current also flows through the
D1 diode. The input current of the first CCII+ is as follows.
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The input voltage of the second CCII+ can be obtained by
rearranging (12) as following.

§ V ·
nVT ln ¨ in ¸
© R1 I S ¹

VD

where VD is the voltage appears on the D1 doide ( VY2

(14)

VD ).

The voltage on the X2 terminal is the same as the voltage on
Y2 ( VX 2 VD ). Then, the input current at the X2 terminal and
conveyed to the Z2 output are as follows.

I Z2

I X2

VD
R2

(15)
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Finally, the output voltage at the Z2 terminal of the second
CCII+ can be obtained as,

V0

§ V ·
R3
nVT ln ¨ in ¸
R2
© R1 I S ¹

(16)

Therefore, the output voltage is a function of logarithm of the
input signal, as obvious in (15). The control of the amplifier
gain can be altered by changing the R2 , R3 resistor values.
IV. SIMULATION RESULTS AND DISCUSSION
The proposed circuit is simulated is PSPICE environment.
The both CCII+ circuits were designed by using TL081
opamp. 1N4148 diode model was obtained from PSPICE
library. The ideality factor n and reverse saturation current
I S for the diode are 1.836 and 2.628nA, respectively.
Opamps in the proposed circuit are biased symmetrically
with r5V power supply. The input DC voltage Vin is swept
from 0V to 5V. The simulation result is plotted in Figure 4.
The output voltage is proportional to the input voltage, as
shown in the figure.

Figure 4. The output of the proposed logarithmic amplifier

using two second generation current conveyor. Notice that the
gain is simply adjustable by changing external resistors. The
operation of the proposed circuit is suitable not only for
voltage inputs but also current. The circuit presented here can
be used for different purposes, such as analog signal
compression, biomedical signal processing, or logarithmic
ratio computation in various instrumentation units.
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To test the feasibility of the proposed study, the gain of the
GHVLJQ IRU WKUHH ORDG UHVLVWDQFHV Nȍ Nȍ Nȍ  DUH DOVR
presented. Figure 5 shows the gain in decibel to different
frequency values.

Figure 5. Frequency response of the proposed logarithmic
amplifier
In this paper, a novel logarithmic amplifier is proposed
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A Rail to Rail, Low Voltage Operational
Amplifier in 0.18μm CMOS Technology
M. ISTANBULLU1
1
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Abstract – A two-stage opamp operating at 0.9 V and
consuming 5 μA has been proposed in a TSMC 0.18 μm CMOS
technology. Rail to rail operation at the input stage is achieved by
complementary transistor pairs with transconductance control.
The rail to rail output stage is designed in class AB. All design
and simulations are performed on the Cadence environment. The
simulated gain of the opamp is 67 dB, and the unity gain
frequency is 1.7 MHz with a 3 pF, 100 k parallel load.
Keywords – Opamp, rail-to-rail, TSMC 0.18 μm technology

D

I. INTRODUCTION

EVICE feature scaling is a critical issue to reduce supply
voltages, currents and thus, power consumption of the
device [1]. However, reducing the required supply voltage
may lead to a decrease in the dynamic range of the device [2].
For a low-voltage opamp, extending the operation rail-to-rail
can increase the dynamic range. A further problem with the
low-voltage opamp is the requirement of the additional circuit
blocks since the threshold voltage of transistors is not scaled
with the supply voltage [3].
In the literature, several designs are presented for lowvoltage, power efficient opamps [4][5][6][7]. These studies
have rail-to-rail input stages and current efficient output
stages. The two gate to source voltage plus two saturation
voltages of four transistors in the input stage determine the
minimum supply voltage, approximately 2.5V [5].
In the literature, input level shifting [8], current-driven bulk
[9], floating-gate transistor [10], bulk driving [11][12], and
DT-MOS [13] techniques are reported in order to operate
opamp containing high threshold voltage transistors, close to
1V supply voltage. Although these techniques overcome the
threshold problem, they have some primary disadvantages. In
the level shifting method, the usage of resistors increases both
noise and device size. A less gain-bandwidth (GBW) handicap
arising from the smaller transconductance is available in the
bulk-driven as well as floating gate methods. Producing DTMOS and floating gate transistors require expensive and nonstandardized processing steps.
In this work, a rail-to-rail opamp operating at sub-1V
supply voltage is presented. The p-channel and n-channel
transistors have -.05V and 0.45V threshold voltages and
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biased in the subthreshold region. The circuit topology of the
amplifier given in Figure 1 is described in the following
subsections.
II. CIRCUIT TOPOLOGY
A. Rail-to-Rail Input Stage
The rail-to-rail operation is achieved by using two
differential pairs (n-channel and p-channel) in a parallel
manner. P-channel M4 and M7 transistor pair are ON for low
common-mode voltages, whereas n-channel M5 and M6
transistor pair are ON for high common-mode voltages. The
minimum value of the required power supply is obtained by
the sum of two gate to source voltage and two saturation
voltages as given in (1).

VPS _ min

VGS _ n  VGS _ p  VDS _ satn  VDS _ satp

(0.1)

where VGS _ n and VGS _ p stand for gate to source voltages of
n- and p-channel input transistors, whereas VDS _ satn and

VDS _ satp are saturation voltages of the M18 and M8 transistors
(current source), respectively. For 0.9V power supply, the
input transistors are biased in the subthreshold region
(2 x0.3V  2 x0.15V 0.9V ) .
The variation of transconductance value over the input
common voltage range is the primary problem in the presence
of the complementary input stage. In the common voltage
range midpoint, both transistors in the input stage are ON state
at the same time; therefore, the total drain to source current is
twofold of that of the current when one of the input pair is in
ON state. Thus, an additional circuit block is required to keep
the transconductance value constant. In the presented circuit
topology, M2 and M1 transistors, as the current switch,
control the transconductance. In this way, the input stage
provides a constant output current to the summing block. The
summing circuit block contains a current mirror (M12 and
M10) and a common gate stage (M13 and M16) and requires
one gate to source strong inversion voltage plus two drain to
source voltages for proper operation.
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[6]
[7]

Figure 2. Gain and phase margin of the opamp
300 mV (large) and 50 mV (small) input step voltages in
250 kHz frequency are applied to the opamp in order to obtain
slew rate value. Simulation results when the proposed opamp
configured in a unity-gain buffer configuration are given in
Figure 3. The simulated slew rate is 0.6 V/μs.
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Figure 3. Simulated input (line) and output (dashed line)
signal for buffer configuration
It is observed that, when the opamp resistively loaded with
a  Nȍ LQ WKH XQLW\ JDLQ FRQILJXUDWLRQ WKH RXWSXW VLJQDO LV
clipped at VDD-16mV and VSS+10mV.
The original amplifier design is simulated on Cadence EDA
software with 0.18μm TSMC process device technology. The
opamp presented here operates in low voltage and low power
conditions. The amplifier shows rail to rail operation and high
gain-bandwidth characteristics.
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Abstract - Compressed Sensing (CS) theory emerged in recent
years provide important benefits in Synthetic Aperture Radar
(SAR) Imaging. Recent studies have shown that CS also provides
good results in obtaining SAR images from 1-bit quantized
measurements. In this paper, a new fast Alternating Direction
Method of Multipliers (ADMM)-based algorithm is proposed for
1-bit CS SAR imaging. This proposed method is compared to
ADMM-based algorithms previously used in this problem to
demonstrate its effectiveness for 1-bit compressed SAR imaging
Keywords - SAR imaging from 1-bit data, Compressed Sensing,
Alternating Direction Method of Multipliers (ADMM).

I. INTRODUCTION
aperture radar (SAR) is an imaging system that
is able to capture high resolution image of earth in dark
and adverse weather conditions. It is possible to increase
image resolution by using wideband signals in range direction
since there is a direct relation between transmitting signal
bandwidth and image quality. However, wideband signal
requires carrying a longer antenna which is impractical for
aircraft and other moving systems and motivates one to use
SAR imaging technology. On the other hand, the mentioned
technology brings new burdens, for instance, more
measurement requirement resulting with demand of faster
analog-to-digital converters (ADC) and necessity of bigger
storage space. The above given disadvantages leads us to
study 1-bit quantization approach which addresses many
benefits including low-cost SAR imaging opportunity. SAR
imaging with 1-bit coded echo data is a subject previously
studied in detail [1-3]. It is known that classical methods such
as matched filtering (MF) used to obtain SAR images from 1bit quantized data do not give very good imaging results.
The hardware that performs 1-bit quantization can be
formed with a simple comparator. In this case, the speed of
ADC is increased. On the other hand, since the magnitude
information of the signal is lost in 1-bit quantization, it may be
di cult to obtain a quality SAR image from 1-bit
measurements.
The recently popular 1-bit compressed sensing (CS)
framework was firstly presented in [4]. It is shown in [5] that
stable signal recovery from 1-bit measurements is guaranteed.
YNTHETIC
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Since the important advantages of 1-bit quantization are
known, many new methods for signal reconstruction using 1bit data have been proposed. Binary iterative hard thresholding
(BIHT) [5] and matching sign pursuit (MSP) [6] which
are
classified as greedy algorithms are suggested for solving 1-bit
CS problems. Moreover, 1  norm minimization based
renormalized fixed point iteration (RFPI) [4] and restrictedstep shrinkage (RSS) [7] approaches that are not needed to
know the sparsity level in advance are introduced. There are
also convex method which is presented in [8] and Bayesian
algorithm [9] for this optimization problem.
It is seen that 1-bit CS framework has also had applications
for SAR imaging in recent years. A MAP-based method has
been developed to obtain SAR image using 1-bit data [10]. In
addition, a fast method that facilitates large vector-matrix
products using Range-Doppler algorithm has been proposed
for 1-bit SAR imaging [11].
In this study, a fast recovery algorithm based on Alternating
Direction Method of Multipliers (ADMM), a specific type of
Augmented Lagrangian Methods (ALM), is introduced to
obtain a SAR image using 1-bit quantized measurements.
ADMM-based approaches have been previously presented for
1-bit compressed SAR imaging [12, 13], but these produce
slower solutions. The introduced method, which is
computationally efficient, is important in terms of providing
fast results for 1-bit compressed SAR imaging. In the
presented work, the consistency between 1-bit data and
recovered SAR signal is measured by sigmoid (logistic)
function. Thus, an explicit unit-norm constraint is no longer
required in optimization model [14]. Using logistic
distribution as the term of data fidelity makes the problem
convex and provides advantages in terms of optimization.
While solving this problem with ADMM algorithm,
minimization methods such as Newton or spectral conjugate
gradient (SCG) were used to solve the unconstrained
minimization caused by this term [13]. However, Newton
method from these approaches complicates calculations since
it needs Hessian operator in its numerical solution and SCG
necessitates a lot of iterations to converge. In addition,
oscillations that may occur while solving the cost function
delay the minimization of problem. In order to overcome the
aforementioned difficulties, a method that converges fast by
suppressing oscillations and requires a simpler calculation
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since it does not include Hessian matrix, is integrated into
ADMM-based 1-bit CS SAR imaging algorithm [15].

II. ONE-BIT CS SAR IMAGING FORMULATION
A. SAR Observation Model
Since SAR observation model is based on Born
approximation, SAR signal, re-turned from imaging scene, is
obtained by multiplying target reflectivity by a linear operator.
After target reflectivity field is converted to a lexicographic
vector, SAR imaging model can be written in matrix form as
follows:

r = Hf + n

(1)

from this sign information. Consistency between y and Ax+e
expressions is qualified by sigmoid function. The following
metric [14] is obtained when consistency is enforced.

I ( x) 

r

 (1  e x ) . In order to
reach a sparse solution, 1  norm which is a convex
relaxation of 2  norm is usually utilized. Consistency and
sparse penalty functions are combined to achieve the objective
function where defined as following:
2M



L ( x)

=

is a complex-valued mathematical

model of SAR observation process, n  M is a complexvalued Gaussian noise vector.
The observed signal for CS SAR imaging framework is
randomly sampled at sub-Nyquist rate in this work. Undersampling scheme is formed by selecting randomly from fasttime and slow-time samples.

sign((r))  j sin((r))

(2)

(.) and (.) show symbols of operators representing the real
and imaginary parts of a vector, respectively. The sign(.)
function can be expressed as follows:
1 x t 0
®
¯1 x  0

i

¦ log(V(y .(Ax) ))  W ¦
i

x

N

¦ log(V(y .(Ax) ))  W ¦
i

i 1

After converting vectors and matrices into real-valued domain,
equation (2) can be described as follows:

y

sign(Ax + e)

(5)

xi2  xi2 N

(8)

i 1

In order for solving the unconstrained optimization
problem, which consists of two parts, in (8), a fast method
based on ADMM has been suggested in this study. To make
the unconstrained problem into constrained one, variable
splitting is firstly applied:
min

2N

, v

2N

f1 (x)  f 2 (x)

where f1 (x) 

x

i
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x

(4)



xi2 N

i 1

2M

min2 N 

In order to achieve objective function to be minimized,
complex-valued vectors and matrices should be transformed
into real-valued domain.

ª(w) º
ª(H) (H) º
« (w) » , A = « (H) (H) »
¬
¼
¬
¼
ª(f ) º
ª(n) º
« (f ) » , e= « (n) »
¬
¼
¬
¼

i

(7)

xi2

The unconstrained optimization problem to be minimized is
formulated as

subject to x = v

y

1

N

(3)

sign( x)

i

i 1

B. One-Bit Quantization
Measurements in in-phase and quadrature channels are
quantized separately to 1-bit values in SAR imaging system.

w

¦ log(V(y .(Ax) ))  W f
i 1
2M

is generated by demodulating SAR signal returned
MxN

(6)

i

where sigmoid function is V x

where f  C is a vector representing target reflectivity,
from field, H 

i

i 1

N

M

2M

¦ log(V( y .( Ax) ))

2M

¦

(9)

log(V(y i .( Ax)i )) and f 2 ( v) W

i 1

N

¦

xi2  xi2 N .

i 1

The feature of ADMM approach is to try to solve the
optimization problem separately by dividing it into small subproblems. ADMM for this problem consists of the following
sequential steps
2
2

xk 1

arg min f1 ( x)  ( P / 2) x  v k  dk

v k 1

arg min f 2 ( v)  ( P / 2) xk 1  v  dk

dk 1

dk  (xk 1  vk 1 )

x

v

(10)
2
2

(11)
(12)

In this equation, only the sign information of SAR
measurements is retained. Our aim is to recover SAR image
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ADJUSTMENT OF PHASE ARRAY RADARS US NG TYPE-2 FUZZY LOG C
Fatih Turgut AKÇAYïDQGøVPDLO6$5,7$ùð
¹ 6HOFXN8QLYHUVLW\.RQ\D7XUNH\IDWLKWXUJXWDNFD\#JPDLOFRP
ð6HOFXN 8QLYHUVLW\.RQ\D7XUNH\ LVDULWDV#VHOFXNHGXWU
Abstract - Today, radar technology is
becoming increasingly important in both civilian
and military fields. With the development of the
defense industry, studies on radars are increasing
and the importance of radar systems becomes
more
prominent.
The
national
radar
development project for our country is also one of
the important studies emphasizing this
importance for air defense systems and radar
technologies.
In this thesis study, the enemy aircraft
entering the airspace under the conditions of the
field are detected and identified with the help of
type-2 fuzzy logic and the target's distance, speed,
altitude, acceleration and radar cross section area
are used.
It is aimed to prioritize and optimize the
time sharing of the radar, which is necessary for
the air threats for the efficient operation of the
radars.
In order to make this optimization, the
determined parameters will be processed using
type-2 fuzzy logic and the output value will be
taken.
In this study, the advantages of type-2 fuzzy
logic over type-1 fuzzy logic and its success in time
management are examined.
Thanks to this thesis study, it is thought that
the efficiency of the radars produced / planned
with the resources of our country will be
increased in the defense industry in the coming
years.
Keywords - Fuzzy Logic, Phased Array
Radar, Radar Technologies, Defense Industry,
Classification, Type-2 Fuzzy Logic
, ,1752'8&7,21

:LWKWKHVWDUWRIWKH6HFRQG:RUOG:DUGXULQJ
WKH%ULWLVK:DUVEHWZHHQ*HUPDQ\DQG(QJODQG
WKH%ULWLVKDFWLYHO\XVHGUDGDUWHFKQRORJ\WRSURWHFW
WKHLUFRXQWU\DJDLQVW*HUPDQDLUVWULNHV$ORQJZLWK
WKHGHYHORSLQJWHFKQRORJ\DQGPHWKRGVXVHGLQWLPH
WKHXVDJHDUHDVDQGFDSDELOLWLHVRIUDGDUVKDYHDOVR
LPSURYHG7RGD\WKHUDGDUVRIWKHFRXQWULHVDUHXVHG
IRUDLUVXUYHLOODQFHVHDUFKGHWHFWLRQDQGILUHFRQWURO
UDGDUVLQ$'6 $LU'HIHQVH6\VWHP IRUWKHVHFXULW\
RIWKHLUDLUVSDFH
,Q WRGD\ V ZDU FRQGLWLRQV UDGDUV KDYH DQ
LQGLVSHQVDEOHLPSRUWDQFHIRUDLUERUQHDWWDFNVDQGLW
LV YHU\ LPSRUWDQW IRU WKH RSHUDWLQJ HQYLURQPHQW WR
IROORZ HDFK HQHP\ DLUFUDIW LQ WKH DLUVSDFH DQG WR
ODXQFK PLVVLOHV ZLWKLQ WKH ILULQJ UDQJH ZKHQ
QHFHVVDU\

E-ISBN: 978-625-44427-4-2

5DGDUUHVRXUFHVVKRXOGEHXVHGHIILFLHQWO\LQ
RUGHUWRWUDFNWKHPDQ\DQGYDULRXVWKUHDWVIRXQGLQ
WKHDLUVSDFH
6RPH SDUDPHWHUV RI DLU WKUHDWV VKRXOG EH
H[DPLQHG IRU WKH PRVW HIIHFWLYH XVH RI WKH UDGDU
VRXUFH,QWKHVWXG\ILYHNLQGVRISDUDPHWHUVZHUH
WDNHQLQWRFRQVLGHUDWLRQLQGHWHUPLQLQJWKHFULWLFDOLW\
OHYHO RI WKH DLU SODWIRUP IRU WKH UDGDU 7KHVH
SDUDPHWHUVDUHWKHVSHHGRIWKHWKUHDWWKHDOWLWXGHRI
WKHWKUHDWWKHGLVWDQFHRIWKHWKUHDWWKHDFFHOHUDWLRQ
RIWKHWKUHDWDQGWKHUDGDUFURVVVHFWLRQ 5&6 RIWKH
WKUHDW %\ ORRNLQJ DW WKHVH SDUDPHWHUV WKH 777
7DUJHW 7UDFNLQJ 7LPH  YDOXH ZKLFK GHWHUPLQHV
KRZORQJWKHUDGDUZLOOIROORZWKHDLUWKUHDWZLOOEH
UHYHDOHGZLWKWKHKHOSRIW\SH-IX]]\ORJLF
:KHQWKHOLWHUDWXUHVWXGLHVDUHH[DPLQHGLWLV
VHHQ WKDW WKHUH DUH PDQ\ VWXGLHV XVLQJ IX]]\ ORJLF
DQGLQYROYLQJWKHGHIHQVHLQGXVWU\
,QWKHVWXG\XVLQJIX]]\ORJLFLWZDVWULHGWR
PHDVXUHWKHWKUHDWFULWLFDOLW\OHYHOE\HYDOXDWLQJWKH
FKDUDFWHULVWLFVVXFKDVWKHWDUJHWW\SHVSHHGDQJOH
RI DUULYDO IOLJKW DOWLWXGH DQG ZKHWKHU LW KDV WKH
DELOLW\WRMDP [1]
,Q DQRWKHU VWXG\ FRQGXFWHG ZLWK IX]]\ ORJLF
WKH WKUHDW ZDV JUDGHG RQ WKH VFRUH VFDOH SUHSDUHG
XVLQJ WKH VSHHG DOWLWXGH GLVWDQFH LQIRUPDWLRQ DQG
WKHWKUHDWZDVFODVVLILHGDFFRUGLQJWRWKHFULWLFDOLW\
OHYHO,QWKHVWXG\LWZDVQRWH[DPLQHGZKHWKHUWKHUH
ZDV DQ\ HOHFWURQLF VXSSRUW V\VWHP RQ WKUHDWV WKDW
RQO\ VSHHG DOWLWXGH DQG GLVWDQFH LQIRUPDWLRQ ZHUH
HYDOXDWHG [2]
,QWKHVWXG\XVLQJW\SH-IX]]\ORJLFZDUVKLSV
VKRXOGSHUFHLYHWKHWKUHDWVFRPLQJIURPWKHDLU in a
OLPLWHG WLPH DQG VKRZ WKH DSSURSULDWH UHDFWLRQ
EHFDXVH WKH DLUFUDIW PRYH IDVWHU WKDQ ODQG RU VHD
YHKLFOHV UDGDU HOHFWURQLF VXSSRUW V\VWHPV H\H ,W
HYDOXDWHVWKDWLQIRUPDWLRQIURPYDULRXVVHQVRUVVXFK
DV LV XVHG GHWHUPLQLQJ WKH WDUJHW W\SH DQG WKUHDW
OHYHOLVRIJUHDWLPSRUWDQFHLQWHUPVRIWKHUHDFWLRQ
WREHVKRZQ [3],QWKLVVWXG\WKHWKUHDWOHYHOZDV
GHWHUPLQHG XVLQJ IX]]\ ORJLF UXOHV ZKLFK ZHUH
IRUPHGE\WDNLQJH[SHUWRSLQLRQZLWKWKHYDOXHVRI
VSHHGDOWLWXGHGLVWDQFHDQGFOLPEUDWHRIDLU WDUJHWV
7KH\ DSSOLHG IX]]\ ORJLF VLPXODWLRQ UHVXOWV WR
WULDQJXODU DQG JDXVVLDQ GLVWULEXWLRQV XVLQJ 6XJHQR
DQG 0DPGDQL WHFKQLTXHV DQG FRPSDUHG WKH UHVXOWV
>@
,QDQRWKHUIX]]\ORJLFVWXG\LWRSWLPL]HGWKH
UDGDU VRXUFH DQG IROORZHG WKH WDUJHWV ZLWK KLJKHU
SULRULW\LQWKHRSHUDWLRQDOILHOGIRUDORQJHUSHULRGRI
WLPHWKXVHQDEOLQJPRUHWKUHDWVZLWKKLJKGDQJHUWR
EHIROORZHGDQGNHSWXQGHUVXUYHLOODQFH [6]
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,Q VWXGLHV FRQGXFWHG ZLWK IX]]\ ORJLF WKH
VSHHGDQGDQJOHLQIRUPDWLRQRIWKHWDUJHWZDVXVHG
ZLWK IX]]\ ORJLF WR FDOFXODWH KRZ IDU WKH PLVVLOH
ZRXOG H[SORGH WR WKH WDUJHW DQG WKHEHVW H[SORVLRQ
GLVWDQFHZDVIRXQG>@
:KHQWKHWKUHDWVWDUWHGWRPDQHXYHUE\XVLQJ
WKHUDGDUIX]]\ORJLFLWLQFUHDVHGWKHWLPHWRORRNDW
WKDW WKUHDW DQG IROORZHG LW IRU D ORQJHU WLPH DQG
SURYLGHGHIILFLHQF\LQWKHUDGDUVRXUFH>@
%\ H[DPLQLQJ WKH SDUDPHWHUV RI WKH UDGDU
FRHIILFLHQWV ZHUH JLYHQ WR WKH SDUDPHWHUV ZLWK
FHUWDLQ FKDQJHV DQG D VWXG\ ZDV FRQGXFWHG WR
FODVVLI\WKHVHSDUDPHWHUVZLWKWKHKHOSRIIX]]\ORJLF
aQGWRXVHWKHUDGDUVRXUFHHIIHFWLYHO\>@
5HVRXUFH DOORFDWLRQ RSWLPL]DWLRQ RI SKDVHG
DUUD\UDGDUVZDVGLVFXVVHGDQG/DJUDQJHUHOD[DWLRQ
PRGHOZDVXVHG>@$FFRUGLQJWRWKH/DJUDQJH
UHOLHIPRGHOWKHVHDUFKDQGWUDFNLQJIHDWXUHVRIWKH
SKDVHG DUUD\ UDGDU DUH FRQVLGHUHG LQGHSHQGHQWO\
IURPHDFKRWKHU5HVRXUFHFRQVWUDLQWVFRQYHUWHGWR
LQWHJHUOLQHDUSUREOHPVDQGRSWLPL]HG
%\ PDNLQJ WKH GHILQLWLRQV RI W\SH- IX]]\
ORJLFFOXVWHUVKHWDONHGDERXWWKHLUDGYDQWDJHVRYHU
W\SH-IX]]\ORJLFFOXVWHUVDQGDPRGHOLQJVWXG\RI
)X]]\ 7RRO %R[ RQ 6,08/,1. ZDV SHUIRUPHG LQ
0$7/$%VRIWZDUHHQYLURQPHQW>@
%\ LQYHVWLJDWLQJ WKH GLIILFXOW\ RI PDNLQJ
GHFLVLRQVLQDIX]]\HQYLURQPHQWDVWXG\KDVEHHQ
FDUULHGRXWWRILQGWKDWW\SH-IX]]\ORJLFZLOOJLYH
PRUHDFFXUDWHUHVXOWVWKDQW\SH-IX]]\ORJLFDQGD
VXLWDEOHDQGFRUUHFWVXSSOLHUVHOHFWLRQVWXG\KDVEHHQ
FDUULHGRXWXVLQJW\SH-IX]]\ORJLF>@
,, 3+$6( $55$< 5$'$56

,Q FRQYHQWLRQDO UDGDU WKH GLUHFWLRQ RI WKH
DQWHQQDLVFKDQJHGWRWU\WRLQFUHDVHWKHDUHDVHHQE\
WKH UDGDU 7KXV WKH DUHD VHHQE\ WKH UDGDU DQG WKH
VXUYHLOODQFH HIILFLHQF\ DUH LQFUHDVHG 6LQFH WKH
SRZHUVXSSO\RIWKHDFWLYHHOHPHQWVWKDWPDNHXSWKH
DUUD\ LV VHSDUDWH LQ SKDVH DUUD\ UDGDUV WKH EHDP
DPSOLWXGH DQG IUHTXHQF\ DUH GLUHFWHG HOHFWULFDOO\
:LWKRXW URWDWLQJ WKH DQWHQQD PHFKDQLFDOO\ WKH
SKDVH GLIIHUHQFH LV DGGHG EHWZHHQ WKH IUHTXHQF\
WUDQVPLVVLRQV IURP WKH WUDQVPLWWHU DQWHQQD DQG WKH
DQWHQQD LV URWDWHG HOHFWULFDOO\ 7KH DGYDQWDJH RI D
SKDVHG DUUD\ RYHU D FRQYHQWLRQDO UDGDU LV WKDW WKH
IUHTXHQF\ EHDP FDQ EH VWHHUHG ZLWKRXW DQ\
PHFKDQLFDO V\VWHP ,Q WKLV ZD\ PHFKDQLFDO HUURUV
DUH HOLPLQDWHG DQG UDGDU V\VWHPV EHFRPH PRUH
UHOLDEOH +LJKHU VFDQ UDWHV DUH REWDLQHG DV EHDP
SRVLWLRQLQJEHFRPHVIDVWHU
$QWHQQDRXWSXWVKDYHVHSDUDWHSRZHUIHHGVVR
it FDQKDYHPXOWLSOHEHDPVDWWKHVDPHWLPHDQGFDQ
WUDFNPXOWLSOHWKUHDWVVLPXOWDQHRXVO\
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)LJXUH: 3KDVHDUUD\DQWHQQDVWUXFWXUHZLWKSKDVH
GLIIHUHQFHDSSOLHG

$QRWKHU DGYDQWDJH RI SKDVHG DUUD\ UDGDUV LV
WKDWWKHEHDPVL]HWUDQVPLWWHGFDQEHFKDQJHG
,I SDUDPHWHUVVXFKDVPDQHXYHURIWKUHDWVDQG
VSHHG DUH QRW IXOO\ GHWHFWHG ZKLOH VFDQQLQJ WKH
DLUVSDFH LW FDQ FKDQJH WKH OHQJWK RU ZLGWK RI WKH
SKDVHG DUUD\ UDGDU EHDP DQG XSGDWH LWVHOI WR FDWFK
WKHWDUJHW$QWHQQDVWKDWZRUNZLWKVHSDUDWHIHHGLQJ
SRZHUSODFHGRQWKHDUUD\DQWHQQDFDQEHUDLVHGWR
KLJKSRZHUOHYHOVVRWKUHDWVDWORQJHUGLVWDQFHVFDQ
EHIROORZHG$QRWKHUIHDWXUHRISKDVHDUUD\UDGDUVLV
WKDW WKH\ VROYH WKH FOXWWHU VLWXDWLRQ ZKLFK LV
H[SUHVVHGDVFOXWWHURUFKDRVPRUHHIIHFWLYHO\WKDQ
FRQYHQWLRQDO UDGDUV (OHFWURQLF VFDQQLQJ FDSDELOLW\
SURYLGHV JUHDW DGYDQWDJHV DQG FRPSHWHQFLHV WR
SKDVHGDUUD\UDGDUV
&RQVLGHULQJ DOO WKHVH IHDWXUHV SKDVHG DUUD\
UDGDUV KDYH EHHQ XVHG LQ KLVWRU\ VLQFH WKH V
&RQVLGHULQJ WKH ILUVW XVH RI SKDVHG DUUD\ UDGDUV
UDGDUVZHUHXVHGDVPRUHWKDQRQHEURDGFDVWVRXUFH
WREHWWHUYLHZWKHSLFWXUHRIWKHDLUVSDFHLQWKHODWH
V ,Q WKH V XVLQJ HOHFWURQLF FDUG GHVLJQV
PXOWLSOHEURDGFDVWVRXUFHVZHUHFROOHFWHGRQDVLQJOH
DQWHQQD7KLVQHZGHVLJQHQDEOHVIDVWHUVFDQQLQJWR
PRUH DUHDV LQ WKH VN\ HOHFWULFDOO\ ZLWKRXW
PHFKDQLFDOO\URWDWLQJWKHDQWHQQD
,,, )8==< /2*,&

)X]]\ ORJLF HPHUJHG ZLWK D VWXG\ FRQGXFWHG
LQE\WKH$]HUEDLMDQLVFLHQWLVW/RWIL$=DGHK
=DGHK SXEOLVKHG D SXEOLFDWLRQ DLPLQJ WR VROYH
V\VWHPVWKDWDUHGLIILFXOWWRPRGHOLQPDWKHPDWLFVE\
SXWWLQJWKHPLQORJLF)X]]\ORJLFPHWKRGZDVXVHG
WR PDNH GHFLVLRQV HDVLO\ LQ VLWXDWLRQV WKDW DUH
GLIILFXOW WR H[SODLQ ZLWK VKDUS H[SUHVVLRQV LQ
PDWKHPDWLFDOPRGHOV,QWKHHDUO\\HDUVRIWKHV
WKH XVHRIIX]]\ORJLFZDVXVHGLQPDQ\DUHDVVXFK
DV
HFRQRP\
PHGLFLQH
GHFLVLRQ-PDNLQJ
PHFKDQLVPVIDFWRU\DXWRPDWLRQ
$FFRUGLQJ WR WKH VHW WKHRU\ ZKLFK ZDV
IRXQGHGE\$ULVWRWOHLQWKHWKFHQWXU\%&DQGFDOOHG
FODVVLFDOORJLFHDFKRIWKHREMHFWVLQVSDFH PXVWEH
DPHPEHURIWKHVHWGHILQHGRUQRW,QORJLFFOXVWHUV
WKLVVLWXDWLRQLVFDOOHG/RJLFLIWKHFOXVWHUHOHPHQW
LVFDOOHG/RJLFLIWKHFOXVWHUHOHPHQWLVQRW,QWKLV
ZD\ WKH FOXVWHUV ZKRVH EHORQJLQJ VWDWHV DUH
GHWHUPLQHGDVRUDUHFDOOHGFULVSFOXVWHUV
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,Q IX]]\ ORJLF FOXVWHULQJ WKH HOHPHQWV
EHORQJLQJWRWKHFOXVWHUGRQRWEHORQJWRWKHFOXVWHU
LQWKHIRUPRIRUOLNHFODVVLFDOFOXVWHUVEXWWKH\
EHORQJWRDVHWZLWKDYDOXHEHWZHHQDQG,QRWKHU
ZRUGVDQHOHPHQWLVDVHWPHPEHURI DVHWWRDFHUWDLQ
H[WHQW

)LJXUH: D &ODVVLFDOVHW E )X]]\VHW>@

:LWK IX]]\ ORJLF YHUEDO YDULDEOHV ZHUH XVHG
LQGHFLVLRQPHFKDQLVPV:HFDQXVHYHUEDOYDOXHV
WR H[SUHVV WKH DJH RI LQGLYLGXDOV IRU H[DPSOH WKH
LQGLYLGXDOLV\RXQJYHU\\RXQJQRWYHU\\RXQJQRW
\RXQJ ROG QRW WRR ROG PLGGOH-DJHG 8VLQJ IX]]\
ORJLF ZH FDQ GHILQH WKHVH YHUEDO H[SUHVVLRQV DV
HOHPHQWV RI IX]]\ VHWV ,Q WKLV ZD\ ZH FDQ FUHDWH
GHFLVLRQ PHFKDQLVPV E\ XVLQJ YHUEDO H[SUHVVLRQV
GHWHUPLQHGE\QRQ-QXPHULFSHRSOHDV LQSXWGDWD
7\SH- IX]]\ ORJLF V\VWHPV KDYH EHHQ XVHG
VLQFHWKHVWREULQJXQFHUWDLQV\VWHPVWRFHUWDLQ
UHVXOWV,WKDVEHHQREVHUYHGWKDWVRPHWLPHV7\SH-1
IX]]\ ORJLF V\VWHPV DUH LQVXIILFLHQW LQ V\VWHP
PRGHOV XVHG WR PDNH WKH FRQFHSW RI XQFHUWDLQW\
VSHFLILFDQG7\SH-IX]]\ORJLFV\VWHPVKDYHEHHQ
GHYHORSHG DQG VWDUWHG WR EH XVHG LQ RUGHU WR UHDFK
PRUHSUHFLVHUHVXOWV
8QOLNHWUDGLWLRQDOO\LQXVH7\SH-IX]]\ORJLF
FOXVWHUV 7\SH- IX]]\ ORJLF FOXVWHUV IRUP DQ
H[WHQGHGFOXVWHUZLWKORZHUDQGXSSHUOD\HUVDWWKHLU
ERXQGDULHV ,Q 7\SH- IX]]\ ORJLF VHWV WKH
ERXQGDULHV RI WKH PHPEHUVKLSV RI WKH FOXVWHU
HOHPHQWV DUH QRW SUHFLVH XQOLNH 7\SH- ,Q RWKHU
ZRUGVPHPEHUVKLSWUDQVIHUVDUHPDGHZLWKLQFHUWDLQ
OLPLWV 6LQFH WKH PHPEHUVKLS IXQFWLRQ LV WUDQVLWLYH
ZLWKLQFHUWDLQOLPLWVXQFHUWDLQWLHVLQWKHUXOHVRIWKH
IX]]\ORJLFV\VWHPDUHDYRLGHG
7KHUHDUHVRPHGLVDGYDQWDJHVLQ7\SH-IX]]\
ORJLF V\VWHPV EHFDXVH WKH OLPLWV RI PHPEHUVKLS
IXQFWLRQVDUHVKDUSDQGVSHFLILF7RJLYHDQH[DPSOH
RI WKHVH GLVDGYDQWDJHV WKH ZRUGV XVHG LQ WKH
FUHDWLRQRIWKHUXOHKDYHGLIIHUHQWPHDQLQJVEHWZHHQ
GLIIHUHQWSHRSOHWKHGLIIHUHQFHVEHWZHHQWKHH[SHUW
RSLQLRQV FRQVXOWHG ZKHQ GHWHUPLQLQJ WKH
PHPEHUVKLSIXQFWLRQVWKHGLIILFXOW\LQHVWDEOLVKLQJ
WKHPHPEHUVKLSIXQFWLRQERXQGDULHVDQGWKHQRLVH
UDWHVLQWKHGDWDXVHGWRHVWDEOLVKWKHIX]]\V\VWHP
ZLWK WKH LQSXW GDWD FDQEH JLYHQ H[DPSOHVRI VXFK
GLVDGYDQWDJHV
7KH VKDUSQHVV DW WKH ERXQGDULHV RI W\SH-1
IX]]\ ORJLF V\VWHPV FDQQRW IXOO\ PRGHO WKH FOXVWHU

E-ISBN: 978-625-44427-4-2

ZKHQPHPEHUVKLSWUDQVLWLRQV DUHQRWFOHDUDQGPD\
SURGXFH HUURQHRXV UHVXOWV 6LQFH WKH ERXQGDULHV RI
PHPEHUVKLSIXQFWLRQVLQ7\SH-IX]]\ORJLFV\VWHPV
DUH WUDQVLWLYH HYHQ LQ FDVHV RI XQFHUWDLQW\ DQG
IDLOXUH WKH\ FDQ JLYH PRUH DFFXUDWH UHVXOWV WKDQ
7\SH-IX]]\VHWV
:KHQIX]]\ORJLFV\VWHPVDUHFRQVLGHUHGLWLV
VHHQWKDWWKHUXOHVDIIHFWLQJWKHRXWSXWVRIWKHV\VWHP
FRQVLVWRISDUWVVXFKDVIX]]\VWDJHLQIHUHQFHVWDJH
DQGFODULILFDWLRQDQGJLYHDQRXWSXWDFFRUGLQJWRUXOH
EDVHV,QRUGHUIRUWKHIX]]\ORJLFV\VWHPWRJLYHDQ
RXWSXWLWPXVWZRUNZLWKDIXQFWLRQVXFKDV\ I [ 
)X]]\ORJLFV\VWHPVWKDWSURGXFHRXWSXWVDFFRUGLQJ
WR IXQFWLRQ ORJLF DUH XVHG LQ PDQ\ VHFWRUV WRGD\
VXFK DV FRQWURO V\VWHPV SURGXFWLRQ SURFHVVHV
GHWHFWLRQV\VWHPVHWF7KHUHDUHILHOGDSSOLFDWLRQVLQ
WKHIRUPRI
,Q IX]]\ ORJLF V\VWHPV ,) - 7+(1 UXOHV DUH
UHTXLUHG WR UHDFK DQ RXWSXW UHVXOW IURP LQSXW GDWD
:KHQ WKH UXOH VWUXFWXUH LV H[DPLQHG WKH VHFWLRQ
H[SUHVVHG DV ,) FDQ EH H[SUHVVHG DV WKH VHFWLRQ
ZKHUH WKH LQSXW GDWD LV DVVLJQHG WKH VHFWLRQ
H[SUHVVHG DV ,6( FDQ EH H[SUHVVHG DV WKH VHFWLRQ
ZKHUHWKHRXWSXWUHVXOWLVDVVLJQHG7KLVVHWRIUXOHV
FDQEHXVHGIRUQWKRUGHUIX]]\ORJLFV\VWHPZLWKRXW
DQ\W\SHOLPLWDWLRQ+LJK-RUGHUIX]]\ORJLFV\VWHPV
DUH QRW SUHIHUUHG PXFK EHFDXVH WKH QXPEHU RI
SDUDPHWHUV WR EH XVHG ZLOO LQFUHDVH DV WKH GHJUHH
LQFUHDVHV ,Q WKH 7\SH- IX]]\ ORJLF V\VWHP
PHPEHUVKLS IXQFWLRQV DUH H[SUHVVHG ZLWK DEVROXWH
YDOXHV ZKHUHDV LQ WKH 7\SH- IX]]\ ORJLF V\VWHP
WKH PHPEHUVKLS IXQFWLRQ LWVHOI FRQWDLQV IX]]\
ERXQGDULHV
,IQDPLQJ LVWREHPDGHLQIX]]\ORJLFV\VWHPV
WKHGHJUHHWRZKLFKWKHV\VWHPLQFOXGHVPRVWO\IX]]\
ORJLF V\VWHP LV FKHFNHG )RU H[DPSOH LI WKH IX]]\
ORJLF V\VWHP LV GHILQHG ZLWK 7\SH- IX]]\ ORJLF
V\VWHPVLWLVFDOOHGD7\SH-IX]]\ORJLFV\VWHP,I
D IX]]\ ORJLF V\VWHP KDV ERWK 7\SH- DQG 7\SH-2
IX]]\ FOXVWHUV WKLV V\VWHP LV FDOOHG 7\SH- IX]]\
ORJLFV\VWHP

)LJXUH: 7\SH-IX]]\ORJLFEORFNGLDJUDP

,9 5$'$5 02'(/,1* :,7+ 7<3(-2 )8==< /2*,&

A. Problem identification and solution technique
,Q WKLV WKHVLV WKH ZRUNLQJ ORJLF RI SKDVHG
DUUD\ UDGDUV DQG 7\SH- IX]]\ ORJLF V\VWHPV DUH
PHQWLRQHG,WLVREVHUYHGWKDWLQWRGD\ VEDWWOHILHOGV
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ZHDSRQV\VWHPVDQGDPPXQLWLRQKDYHEHFRPHPXFK
PRUH HOHFWURQLF FRPSOH[ DQG LQWHOOLJHQW DQG
ZHDSRQ V\VWHPV DQG SDUWV XVHG PRUH WKDQ ERG\
VWUHQJWKLQWKHEDWWOHILHOGKDYHEHFRPHDIIHFWLQJWKH
RXWFRPHRIWKHZDU:KHQH[DPLQHGLQWKLVUHVSHFW
IRU WKH LQGHSHQGHQFH RI FRXQWULHV WKH\ KDYH WR
SURWHFWWKHLUDLUVSDFHDQGVXSSRUWWKLVLQGHSHQGHQFH
ZLWKDGYDQFHGV\VWHPV
,QWKLVVWXG\XVLQJWKHOLPLWHGWLPHUHVRXUFHLQ
WKHPRVWHIILFLHQWZD\DQGHQVXULQJWKHVHFXULW\RI
WKH DLUVSDFH E\ UHGXFLQJ WKH WDUJHW WUDFNLQJ WLPHV
777 RIWKH7\SH-IX]]\ORJLFV\VWHPVDQGSKDVHG
DUUD\ UDGDUV FRPSDUHG WR WKH 7\SH- IX]]\ ORJLF
V\VWHPV WKH ZHLJKWHG FRHIILFLHQW V\VWHPV DQG WKH
IL[HGFRHIILFLHQWV\VWHPVLQWHQGHG
)RU
WKH
ZRUN
GRQH
KWWSULWZHEFORXGDSS QHW-X]]\2QOLQH ZHE
DGGUHVVZDVXVHGDQGV\VWHPGHVLJQUXOHGHILQLWLRQV
DQG RXWSXWV ZHUH FDOFXODWHG XVLQJ WKH RQOLQH ZHE
SDJH
,QWKHRSHUDWLRQRIWKHUDGDUWKHUHLVDGLUHFW
SURSRUWLRQEHWZHHQWKHFKDQJHLQWKHDPRXQWRI777
DQG WKH UDGDU V DELOLW\ WR GHWHFW WKH DLU WDUJHW )RU
H[DPSOH ZKHQ D UDGDU ZLWK FRQVWDQW FRHIILFLHQW LV
IROORZLQJWKHWDUJHWZKHQWKHDLUWDUJHWDFFHOHUDWHV
RUDFFHOHUDWHVE\PDQHXYHULQJWRWKHULJKWDQGOHIW
WKHUDGDUPD\KDYHGLIILFXOW\LQWUDFNLQJWKHWDUJHW
ZLWKWKHFKDQJHVWKDWPD\RFFXULQWKHWDUJHW,IWKHVH
SDUDPHWHUV FKDQJH WRR TXLFNO\ LW PD\ EHFRPH
LPSRVVLEOHIRUWKHUDGDUWRFDWFKRUGHWHFWWKHWDUJHt
DIWHU D ZKLOH )RU WKLV UHDVRQ WKH PRUH WDUJHWV DUH
WUDFNHG WKH PRUH SDUDPHWHU FKDQJHV VXFK DV WKH
SRVLWLRQ VSHHG DQG DFFHOHUDWLRQ RI WKH WDUJHWV DUH
REVHUYHGDQGWKHUDWHRIWDUJHWGHWHFWLRQLVLQFUHDVHG
,QDFFRUGDQFHZLWKWKHSXUSRVHRIWKHWKHVLVVWXG\
VLQFH WKH DGYDQWDJHV RI WKH 7\SH- IX]]\ ORJLF
V\VWHPFRPSDUHGWRWKH7\SH-IX]]\ORJLFV\VWHP
WKH V\VWHPV ZLWK ZHLJKWHG FRHIILFLHQWV DQG WKH
V\VWHPV ZLWK FRQVWDQW FRHIILFLHQWV ZHUH H[DPLQHG
WKH WDUJHW GHWHFWLRQ UDWLRV ZHUH WDNHQ HTXDO IRU DOO
V\VWHPV(YHQLIWKHVWDWLVWLFVIRUGHWHFWLQJWDUJHWVRI
WKHUDGDUVDUHUHTXLUHGDVLQSUDFWLFHWKLVUDWHLVQRW
SRVVLEOHLQSUDFWLFHDQGWRGD\WKHPRVWLGHDOWDUJHW
GHWHFWLRQUDWHVYDU\EHWZHHQDQG

7KHGLVWDQFHRIWKHWKUHDWIURPWKH UDGDULV
LQYHUVHO\ SURSRUWLRQDO WR WKH SULRULW\ RI WKH WKUHDW
DQGDGLVWDQWWKUHDWLVOHVVLPSRUWDQWWRRXUUDGDU$V
WKH GLVWDQFH EHWZHHQ WKH WKUHDW DQG WKH UDGDU
GHFUHDVHVWKHVLJQLILFDQFHRIWKHWKUHDWLQFUHDVHVDQG
WKHDPRXQWRI777LQFUHDVHV
)RU WKH SKDVHG DUUD\ UDGDU PRGHOHG XVLQJ
7\SH- IX]]\ ORJLF PHPEHUVKLS IXQFWLRQV DUH
GHWHUPLQHG IRU HDFK SDUDPHWHU WKDW LV GDWD HQWU\
+HUH OLQJXLVWLF H[SUHVVLRQV DUH XVHG ZKHQ
GHWHUPLQLQJPHPEHUVKLSIXQFWLRQV:KLOHFKRRVLQJ
OLQJXLVWLFH[SUHVVLRQVDWWHQWLRQKDVEHHQSDLGWRWKH
XVHRIZRUGVWKDWGRQRWFUHDWHPHDQLQJFRQIXVLRQ
DQGFDQKDYHWKHVDPHHIIHFWRQHYHU\RQHZKHQWKH\
DUHVDLG
7KH OLQJXLVWLF H[SUHVVLRQV RI WKH GHVLJQHG
7\SH-IX]]\ORJLFSKDVHGDUUD\UDGDUDUHDVLQ7DEOH

7DEOH/LQJXLVWLFH[SUHVVLRQVWDEOH
3DUDPHWHU

/LQJXLVWLF([SUHVVLRQ

$OWLWXGH

/RZ

0LGGOH

High

6SHHG

6PDOO

0LGGOH

)DVW

5DQJH

1HDU

0LGGOH

Far

$FFHOHUDWLRQ

/RZ

1RUPDO

High

5&6

6PDOO

0LGGOH

%LJ

7KHV\VWHPLVJHQHUDOO\GHVLJQHGDVDV\VWHP
WKDWWULHVWREULQJWKHDPRXQWRIUDGDU777ZKLFKLV
UXOHVZKRVHHQWUDQFHPHPEHUVKLSIXQFWLRQVDUH
JDXVVLDQ DQG WKH H[LW PHPEHUVKLS IXQFWLRQ LV
WULDQJXODU ZLWK  LQSXWV DQG  RXWSXW WR WKH PRVW
HIILFLHQWOHYHO*HQHUDOV\VWHPYLHZVKRZLQJV\VWHP
LQSXWVDQGRXWSXWVLVVKRZQLQ)LJXUH

B. Design of the radar using a Type-2 fuzzy logic
system
:KLOH GHVLJQLQJ WKH 7\SH- IX]]\ ORJLF
V\VWHP ILYH W\SHV RI GDWD XVHG E\ SKDVHG DUUD\
UDGDUVWRGHWHFWWKHWDUJHWZHUHHYDOXDWHG7KHVHGDWD
DUHWKHGLVWDQFHRIWKHWKUHDWWKHVSHHGRIWKHWKUHDW
WKHDOWLWXGHRIWKHWKUHDWWKHDFFHOHUDWLRQ RIWKHWKUHDW
DQG WKH UDGDU FURVV VHFWLRQ RI WKH WKUHDW :KLOH
GHVLJQLQJ WKH UDGDU WKH UDQJH WKDW WKH UDGDU FDQ
GHWHFWLVNPWKHVSHHGLWFDQIROORZLVP
VHF WKH DOWLWXGH LW FDQ GHWHFW LV  IHHW WKH
KLJKHVW DFFHOHUDWLRQ LW FDQ IROORZ LV  * VR WKDW LW
FDQEHFRPSDUHGZLWKWKH7\SH-IX]]\ORJLFV\VWHP
DQGRWKHUV\VWHPVWKDWZHUHSUHYLRXVO\VWXGLHGWKH
UDGDU FURVV VHFWLRQ 5&6- 5DGDU &URVV 6HFWLRQ  LW
FDQWDNHKDVEHHQVHOHFWHGDVP
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7DEOH 6FHQDULRZKHUHDOWLWXGH LVYDULDEOH
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)LJXUH7\SH-IX]]\ORJLFV\VWHPJHQHUDOYLHZ
:KHQ HVWDEOLVKLQJ D W\SH- IX]]\ ORJLF
V\VWHP VLQFH HDFK RI WKH  LQSXW GDWD VHOHFWHG DV
LQSXW SDUDPHWHUV KDV  PHPEHUVKLS IXQFWLRQV WKH
V\VWHPKDVEHHQGHILQHGZLWK A ,)-7+(1V
7KHZHLJKWVRIWKHSDUDPHWHUVVHOHFWHGIRUWKHLQSXW
DUHQRWGLIIHUHQWIURPDQRWKHUSDUDPHWHUZKLFKKDV
EHHQWULHGWREHNHSWDVFORVHWRHDFKRWKHUDVSRVVLEOH
LQRUGHUWRHQVXUHFRQVLVWHQF\EHWZHHQWKHUHVXOWV
7KHUHDUH7\SH-1 fu]]\ORJLFV\VWHPVLQ7\SHIX]]\ORJLFDVPHQWLRQHGEHIRUH,QRUGHUWRJHWDQ
RXWSXW UHVXOW LQ 7\SH- IX]]\ ORJLF V\VWHPV LW LV
QHFHVVDU\WRUHGXFHWKHV\VWHPWRWKH7\SH-OHYHO
ILUVW,QWKHGHVLJQRIRXUUDGDUWKHFHQWHURIPDVV
W\SH UHGXFWLRQ PHWKRG ZDV XVHG DV WKH W\SH
UHGXFWLRQPHWKRG
)RUWKHRXWSXWUHVXOWRIWKHIX]]\ORJLFV\VWHP
UHGXFHG WR 7\SH- OHYHO WKH FHQWURLG FHQWHU RI
JUDYLW\ FODULILFDWLRQWHFKQLTXHZDVFKRVHQ
9 7(67 5(68/76 2) 86,1* 7+( 5$'$5 :,7+ 7<3(-2
)8==< /2*,&

)RUWKHWHVWRIWKHUDGDUV\VWHPFUHDWHGXVLQJ
WKH 7\SH- IX]]\ ORJLF V\VWHP WKH VXFFHVV RI WKH
V\VWHP LQ UHVRXUFH PDQDJHPHQW ZDV PHDVXUHG E\
H[DPLQLQJ WKH VFHQDULRV RI LQFUHDVLQJ DQG
GHFUHDVLQJWKHDPRXQWRI777DQGLWZDVH[DPLQHG
ZKHWKHU WKH UHVRXUFH PDQDJHPHQW ZDV XVHG
HIILFLHQWO\ FRPSDUHG WR WKH VLPLODUO\ HVWDEOLVKHG
7\SH-V\VWHPV
7KH WDEOH EHORZ H[DPLQHV WKH FKDQJH LQ WKH
DPRXQW RI 777 RI WKH UDGDU DV WKH DOWLWXGH OHYHO
FKDQJHV
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$V FDQ EH VHHQ IURP WKH WDEOH ZKHQ WKH
DOWLWXGHYDOXHRIWKHWDUJHWGHFUHDVHVXQWLOWKHVSHHG
GLVWDQFH DFFHOHUDWLRQ DQG 5&6 YDOXHV DUH NHSW
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DLUVSDFHV $LU GHIHQVH V\VWHPV ZKLFK DUH XVHG WR
SURWHFW WKH VHFXULW\ RI DLUVSDFHV DUH RI XQGHQLDEOH
LPSRUWDQFH ,Q WKLV VWXG\ LW LV DLPHG WR XVH WKH
OLPLWHGWLPHUHVRXUFHLQWKHEHVWZD\E\RSWLPL]LQJ
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H[DPLQHG LQ WKLV VWXG\ V\VWHP VHQVLWLYLW\ FDQ EH
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]DPDQOÕD\DUODQPDVÕ(JHhQLYHUVLWHVL)%(<NVHN
/LVDQV7H]L

203

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

A 50 GHz Frequency Selective Surface Design
on Double Layer Structure for U Band
Applications
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Abstract - Frequency Selective Surfaces (FSS), depending
on their structure and properties, passes electromagnetic
waves at some frequencies while stopping the others at
some frequencies. Due to these characteristics, FSSs act as
a two-dimensional filter. This filter feature may have band
pass, band stop, low pass or high pass characteristics. In
this study, a band-pass Frequency Selective Surface was
designed for a 50 GHz U Band Applications. The FSS,
designed in a two-layer structure. First layer, consist of a
double square ring placed in front of the structure. A
Jerusalem Cross structure is used on the back layer. The
dimensions of the unit cell structure designed for band
pass characteristic in the U band were determined using
parameter sweep. Then, a 10x10 array was created and the
transmission and reflection responses were determined.
According to the -3 dB transmission limit, the proposed
two-layer U Band FSS is Band-pass between BW = 46.553.4 GHz.
Keywords - Frequency Selective Surface, U Band FSS, 50 GHz
FSS, Double Layer FSS.

F

I. INTRODUCTION

REQUENCY selective surfaces (FSS) show a filter
response against electromagnetic waves coming on them
[1]. This filter feature may have band pass, band stop, low
pass or high pass characteristics. Today, FSSs are widely used
in communication and radar applications for filtering the
incoming signal while passing through a surface [2]. FSSs are
frequently used in applications such as Radome, Satellite
communication or wireless communication security [3].
Reflection and transmission characteristics of FSS depend on
the type of substrate materials, layer thickness, geometry of
metallic patches placed on the layers and periodic placement
of the unit cell [1, 4-6]. Today, new radar applications and
new generation communication frequencies have started to be
made in millimeter wavelengths. This opens the door to new
FSS applications [7, 8]. Millimeter wave applications are
among the leading FSS applications currently being studied.
New FSS unit cell and array designs are made at these
frequencies [3, 9].
In this study, a new design was proposed for FSS, which
passes the band at U Band frequencies. The unit cell and array
with a center frequency of 50 GHz were designed and
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simulated. In the second part of the study, the properties of the
unit cell of the two-layer FSS surface will be mentioned. As
an array, 10 10 dimension of the unit cell has been studied. In
the third chapter, simulation results of unit cell and array were
given. Success criteria are discussed and bandwidth is
specified. All designs were studied in the CST MWS
electromagnetic simulation program.
II. U BAND FSS DESIGN
The proposed FSS circuit consists of two layers of surfaces.
Designed as a unit cell, FSS is then simulated as a twodimensional array of cells. FSS, the first layer on the front of
the unit cell, consists of doble intertwined square rings. The
length of each side of the squares is = 2 and = 1.2 mm,
respectively. The line width of each square is = 0.3 mm.
There is a gap of g = 0.1 mm between the squares. In Figure
1a, the front view of the upper layer of FSS was given.
On the back surface of the two-layered FSS, the shape known
as the "Jerusalem Cross" in the literature was created [1]. In
this cross, the line length is e = 2 mm and the line thickness
is = 0.1 mm. In Figure 1b, the front view of the back throw
was given.
The unit cell placement of two layers formed from square
rings and Jerusalem cross structures on the substrate material
can be seen from perspective view in figure 1c. It is necessary
to use low loss substrate material at millimeter wave and
higher frequencies [1]. The substrate material used is ARLON
=
AD300D. The electrical permittivity of the material is
2.94 tangential loss is
= 0.002 and the material
thickness is
= 0.76 mm. The copper thickness on the
material, which is covered with FSS on one side and is empty
at the back, is = 0.035 mm. In Figure 1d, the side view of
the two layer FSS was given. As can be seen, it remains as a
sandwich between the Jerusalem Cross substrates in the back
layer. The width of the unit cell formed was determined by
parametric analysis. As will be explained below, the frequency
selectivity has been determined by simulating it according to
values ranging from = 3.1~4.
Unit cells come together to form the main large arrays. These
arrays can grow as a two-dimensional pattern of unit cells. The
larger the pattern, the more the frequency selective surface
will cover, and the electromagnetic waves will be selected
from the area it covers [1, 10].
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III. RESULTS
The most important criterion for which frequencies a
frequency selective surface passes and which does not is to
look at the transmission parameter ( ). In the literature, the
3 dB. In
criterion for accepting FSS in transmission is
other words, frequency ranges where the transmission
parameter is logarithmically greater than -3 dB is considered
as pass, while other frequencies are considered as stop.
Reflection parameter ( ), another selectivity parameter, is
also very important for FSS. At frequencies with high
transmission, reflection can be expected to be low.
In the proposed two-layer FSS, the center frequency was
designed as = 50 GHz. Square rings and Cross shapes were
sized according to this frequency. Besides, the outer
dimensions of the unit cell, length A, were selected as
parametric analysis. Figure 3 shows the response of the
transmission graph according to the values of A between 3.1
and 4 mm. At the end of this parametric analysis,
= 3.4
mm was selected.

Figure 1: Unit cell Structure of FSS a) front layer, b) back layer, c)
perspective, d) side view.

After the unit cell design, a larger scale surface was created to
see that the frequency selectivity provided the same
characteristic as a surface. With the help of the simulation
program, this surface is expected to have the same frequency
response [1, 7]. The perspective view of the unit cell in
10 10 scale is given in Figure 2a, and its side view is given
in Figure 2b. The dimensions of the structure are square and
each length is 10 × A (34 mm).

Figure 3: Parametric analysis of unit cell transmission coefficient
( ) vs. frequency plot.

Figure 2: The structure of the array with dimensions of 10x10 is a)
perspective, b) side view.
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The frequency response of FSS, which grows as a twodimensional pattern consisting of unit cells, is also expected to
be the same as the unit cells [11]. Because the FSS will pass
the same frequencies or stop, depend on its size and structure.
Therefore, it can be said that the frequency response in the
array is somewhat independent of the number of elements.
However, during simulation, the size of the array will increase
the simulation time since it will affect the number of meshes
corresponding to electromagnetic tests solved in numerical
methods.
In the proposed design, a 10 10 array design was made.
Figure 4 shows the response of the unit cell and the array
against the frequency of the transmission and reflection
coefficients. As can be seen, the frequency selective surface in
the proposed structure operates at a frequency of 50 GHz. Its
bandwidth is between
= 46.5 53.4 GHz.
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[9]

W. T. Ramos, R. C. Mesquita, and E. J. Silva, "Frequency
selective surface using meander line inclusions," Journal of
Electromagnetic Waves and Applications, vol. 32, no. 11, pp.
1440-1447, 2018.
[10] 3 0DKRXWL ) *QHú 0 $ %HOHQ $ dDOÕúNDQ 6 'HPLUHO
DQG=6KDULSRY+RUQDQWHQQDVZLWKHQKDQFHGIXQFWLRQDOLWLHV
through the use of frequency selective surfaces," International
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vol. 26, no. 4, pp. 287-293, 2016.
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Enhancement of Horn Antennas Using Miniaturized Frequency
Selective Surface," Applied Computational Electromagnetics
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Figure 4: Transmission and reflection graphs of unit cell and array
structures.

This proposed design is a successful example of the U Band
FSS design as a Band-Pass structure. The fact that its twolayer structure provides the same response for both the unit
cell and the array show that the structures selected for FSS can
be applied in the U band.
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Composites for Tetracycline Adsorption
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Abstract - The aim of this study is to examine the effects of SiC
HA composites synthesized by mechanical alloying method on
tetracycline absorption. According to XRD studies, it has been
observed that the composite containing 40% hydroxyapatite and
60% silicon carbide successfully absorbs tetracycline. The effects
of hydroxyapatite loading amount, solution pH and contact time
were investigated by batch experiments. The data obtained are
explained with isotherms and kinetic models.
Keywords – SiC-HA, Tetracycline Adsorption, Ball Milling,
XRD.

D

I. INTRODUCTION

ue to the intensive use of antibiotics in treatment
applications, it has a high amount of pollutant effect in
sea and groundwater. Due to the low absorption of antibiotics
into metabolism, a significant amount is exported, which
causes the amount of tetracycline in water to be in the range of
0.11– ȝJ O-1. For this reason, it is important to remove
tetracycline from the water[1].
One of the processes used to remove tetracycline from
water is adsorption. There are several adsorbents used for
tetracycline adsorption such as imprinted polymers, biochar,
clays, actived carbon, ceramic composites[2].
Hydroxyapatite finds use in many absorption and
biomaterial applications. However, although HA has high
biocompatibility, its lack of mechanical strength makes it
difficult to use the material alone. Therefore, HA is generally
used as a composite by being alloyed with another material.
For this reason, composites are made with SiC to improve the
mechanical properties of the material while maintaining its
positive properties[3].
Various studies have been done to improve the mechanical
properties of HA by using sintering additives to consolidate
this material during heating. However it is well known that the
mechanical properties can also be improved by including a
reinforcing phase such as fibers, bristles, platelets or particles
in the ceramic matrix[3].
SiC chemical inertness, superior tribological properties,
hydroxyapatite-like
osseointegration
and
well-known
hemocompatibility make it a very promising candidate for in
vitro biosensors, bio-interfaced neural networks, and smart
implantable medical devices. Carbon black is used as an
absorber in radars due to its superior electrical properties.
However, as a single agent, it has several disadvantages such
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as small absorption peak and narrow absorption bandwidth[4].
On the other hand, SiC is a group IV semiconductor which
implies that it is an intrinsic semiconductor which can be n- or
p-type depending on the additive used. SiC is often applied in
the manufacture of multiband radar absorber materials, as its
electrical conductivity can be adjusted[5].
Since the absorbency of SiC as a single absorbent is not
satisfactory, it is often used as a co-absorbent in other
materials or after surface treatments to increase absorbent
capacity[6].
In this study, the effects on tetracycline absorption were
investigated by making composites to examine the effects of
two materials with superior absorption properties.
II. MATERIALS METHOD
In the experimental studies, material supplied from Nanokar
company with 32 micron size was used as SiC source. The
hydroxyapatite used as an additive material is Xi'an Realin
Biotechnology Co., Ltd. and its purity is over 99%.
Mechanical alloying method has been used to make silicon
carbide and hydroxyapatite composites. The stainless steel
balls used during this process. As the process progresses, the
surface area of the components that are welded and
disintegrated increases and it is possible to bond with the
activated surfaces. As a result of the mechanical alloying
process, the two materials are obtained as composite.
Mechanical alloying device presented in Figure 1.

Figure 1: Planetary Ball Mill.

In the study, after the SiC and HA powders were weighed on
a sensitive scale, they were dried for 2 hours at 100 Û& LQ
furnace, and then loaded to the planetary ball mill. In the
experiments, the SiC / HA ratio was added to 90/10, 80/20,
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70/30 and 60/40 respectively, and the ball/powder ratio was
taken as 1/10. Experiments performed at 380rpm rotational
speed and 6 hours.
BrukerTM D8 Advanced Series X-Ray diffractometer was
used to monitor the changes in the structure of the powders in
characterization studies. While performing the analyzes, the
10-UDQJHLQ&X.Į N 06 Å) radiation was scanned at
2 degrees / minute and the interpretation procedures were
performed with the Xpert High Score program. The
microstructures of the samples were examined using the
6FDQQLQJ (OHFWURQ 0LFURVFRSH 6(0  WHFKQLTXH DQG WKH
studies were carried out with the Zeiss Gemini 500 NeoScope
device.
III. RESULTS AND DISCUSSION
.

In experimental studies, firstly, tetracycline absorption
capabilities of SiC and HA were investigated separately and it
was determined that both materials have limited absorption
ability.
Then, SiC / HA ratio was changed as 90/10, 80/20, 70/30
and 60/40 and in the experiment performed at 60/40 ratio in
accordance with the change ratio, a structure containing more
of both components was obtained. Accordingly, the absorption
ability of HA added at 60/40 ratio was analyzed by XRD
WHFKQLTXHDQGWhe results are given in Figure 2.

Figure 3: SEM image of SiC/HA 2500 X.

Figure 4: SEM image of SiC/HA tetracycline absorbed 2500
X.
Figure 2: XRD pattern of SiC/HA 60/40 composites $E
absorbed, 40 ball milled).

The E and F phases seen in Figure 4 are not seen in the test
SHDNV  SHUIRUPHGE\PHFKDQLFDODOOR\LQJDQGDUHVHHQLQ
WKH JUDSK REWDLQHG DIWHU DEVRUSWLRQ $E  7KLV SURYHV WKDW
the composite structure has successfully absorbed tetracycline.
After XRD analysis, SEM analysis was applied to observe
the changes in the microstructure of the samples, and the
results are presented in Figures 3 and 4.

When Figure 3 and Figure 4 are compared, it is seen that the
material has become more compact due to absorption. Figure
3 powders more porous than Figure 4. Because Figure 4
absorbed tetracycline and became more dense than Figure 3.

Figure 5: Adsorption isotherms of raw SiC and hydroxyappatite
materials.
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Fig. 5 shows the adsorption isotherms of raw SiC and
hydroxyapatite materials with comparison SiC/HA composite.
Significant increase of tetracycline adsorption was observed
using SiC/HA composite. Adsorption capacities were achieved
as 1.95, 2.80 and 4.55 mg g-1 for SiC, HA and SiC/HA/10,
respectively. The reason of increase in adsorption was the
synergetic effect of SiC and HA materials, which resulted with
the combination of adsorption sites to adsorb tetracycline in
DTXHRXVVRlution.
IV. CONCLUSION
In conclusion, SiC / HA composite material has been
successfully produced by mechanical alloying method. The
effects of the produced material on tetracycline absorption
were examined and it was observed that the composite
material successfully absorbed.
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Abstract - Vanadium carbide is important for industrial
applications because of its high temperature resistance, high
chemical and thermal stability. It is generally obtained from the
reaction between V and C powders at a high temperature
ranging from 1100 to 1500 C. Investigations on these high
strength, high abrasion resistant, hard materials have been
intensified in recent years and consequently significant
improvements have been achieved. In this study, VC alloys
produced by high cost processes will be produced by reducing the
oxides of their components by Self Propagating High
Temperature Synthesis methods. V2O5 will be used as oxidized
Vanadium source, Cblack as carbon source, magnesium as
reductant will be used. Furthermore, the effect of different
stoichiometric charge components will be realized by XRD, XRF,
AAS and optical microscope analyzes for different reductants.
Keywords – SHS, Ball Mill, VC, Carbides.

fine-grained structure enables the material to reach higher
strength values and to be used in more complex applications
[7,8].
Studies on both the friction coefficient and wear resistance
of vanadium carbide have shown that the material has a good
tribological performance. Due to these properties, the material
is used in coating applications to protect backing materials
operating under high wear conditions [9]. Transition metal
carbides, due to their superior properties such as high
hardness, high melting point, high thermal conductivity, high
strength even at high temperatures, high wear-corrosion
resistance and high chemical stability, such as cutting tools,
catalyst applications, wear-resistant parts and high temperature
building materials has found extensive applications in many
areas [10-12].
II. MATERIALS METHOD

C

I. INTRODUCTION

arbides and nitrides of the transition metals of the fourth
to sixth group of the periodic table combine the classical
refractory properties with similar physical properties of
metals. Interest in these physical properties is increasing due
to the electrical-thermal conductivity, Hall coefficient and
magnetic susceptibility of these alloys. Therefore, carbides
made by transition elements have become promising
candidates for their use as heterogeneous catalysts [1]. Hydrotreatment of hydrocarbon raw materials, including VC and
VN, with transition metal carbides and nitrides is an example
of their use [2]. Decontamination of fuels from harmful
components has become an issue of great importance due to
increasingly stringent environmental regulations on the
composition of fuels used in transportation [3]. Vanadium
carbide (VC) acts as a catalyst in such applications due to its
high surface area properties, and is especially used in the
purification of sulphurous compounds [4-6].
In metallurgical applications, grain refining is an important
process used to increase strength. Small concentrations (001%) of strong carbide-forming elements such as niobium,
titanium and vanadium are added to mild steels to raise ferritic
steels to higher strength levels by grain refining. The resulting
fine-grained ferrite structure is usually further strengthened by
a fine dispersion of a particular alloy carbide. Due to the
nature and origin of these alloy carbide dispersions, it is
considered a popular field of study. The alloy carbides added
to ferritic steel restrict the dislocation movements by settling
in the precipitated grains, as a result of this limitation,
dislocations are locked and act as a frank-read source and
encourage the formation of new fine grains. The newly formed
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Self-propagating high temperature synthesis (SHS) is a
simple and low cost method used in the production of hightech ceramics and intermetallic materials. The operation of the
method is that the excessively exothermic reaction starts
spontaneously with the trigger and proceeds spontaneously
over the reaction mixture in the form of a wave. For these
events to occur, the reaction must have a relatively high
activation energy and generate extremely high heat. In the
SHS method, after the first heat is given to the starting mixture
to bring the mixture to the ignition temperature, the reaction
proceeds automatically without the need for any external
energy. The heat released in each layer passes to the next
unreacted mixture layer and creates the first heat for the zone
to ignite and raises the temperature. While the front of the
SHS reaction leaves the combustion products behind, it moves
towards the unreacted mixture and separates the heat-affected
zone and the reaction zone. The high amount of heat energy
generated during the application directly affects the reaction
rate; It provides a very economical and highly efficient
production with increasing speed. SHS process schematic
image presented at Figure 1.

Figure 1: SHS Process.

There are some advantages in this technique such as, less

210

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

energy requirement, very short processing time, simple
process, sub-micron sized particles, high purity products.
Although there are many advantages, this technique have
some defects. These are controlling reactions, cost of
reductants, and controlling quality of final products. For this
reason thermodynamic data’s “Specific heat and adiabatic
temperature” have very important role for predict reaction
circumstances.
Specific heat; determining the heat evolved during the
reaction and to estimate if the temperature achieved is
sufficient to smelt the metal and the slag and to separate them
due to the different density.
Calculated by dividing the enthalpy of the reaction at 25 °C
by the sum of the molecular weights(MW) of the reaction
products.
MeIO + MeII o MeI + MeIIO 'GR ='GMeIIO –

'GMeIO < 0

Specific heat < 2250 J/g, insufficient to melt the charge
and to separate metal/slag
Specific heat > 4500 J/g, violent reaction and may even be
explosive.
Specific heat : 2250 – 4500 J/g, a controlled and selfsustaining metallothermic reaction
Adiabatic Temperature must be higher than 1527 °C to start
metallothermic reaction.This study aims to produce Iron based
alloy from mill scale via aluminothermic method and
investigate effect of Si and Mg addition.
In the experiments, the powders were weighed in the
determined stoichiometric proportions on precision scales and
dried at 105ºC for 30 minutes After the charge was mixed
homogeneously and loaded into the crucible, the reaction was
started with the help of variac and the reduction was occur
automatically. At the end of the experiment, final products
were weighed, analyzed by XRD, AAS methods.
The reaction stoichiometry was calculated according to
Equation 1. This amount of Mg was chosen as a 100%
stoichiometric ratio. Then, according to this ratio, the other
mixtures were calculated as 95%, 105%, 110% by changing
the amount of Mg.
V2O5&0Jĺ9&0J2

(1)

III. RESULTS AND DISCUSSION
.

Figure 2: XRD Result of %95 Stoichiometric Samples.

When Figure 2 is examined, it is seen that the main phase
formed as a result of the reaction is MgO. In addition to this
phase, it was seen that Mg bonds with vanadium and the 2nd
active phase was formed in this way. When Figure 2 is
examined, it is seen that the VC phase is obtained at 38, 42
and 78 degrees in addition to the mentioned phases. The XRD
analysis results of the 100% stoichiometric mixture obtained
in the next stage of the study are given in Figure 3.

Figure 3: XRD Result of %100 Stoichiometric Samples.

According to Figure 3, it was observed that the effect of the
MgVO phase shown in Figure 1 decreased and more VC was
formed. It has been observed that the increase in Mg
stoichiometry can reduce more Vanadium Penta Oxide by
increasing the reaction energy.
The samples for which the magnesium stoichiometry was
determined as 105% and 110% were analyzed by XRD
method, and the findings are given in Figure 4 and Figure 5,
respectively.

After the reactant materials were reduced with the SHS
method, the products were weighed and subjected to XRD
analysis. The analysis result of the sample containing 95% Mg
as stoichiometric is given in Figure 2.
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IV. CONCLUSION
In conclusion, VC was obtained from oxidized raw materials
by SHS method. However, when the XRD analysis of the
samples were examined, it was determined that there were
magnesium-based pollutants in the structure besides VC.
Leaching was planned to be carried out in the later stages of
the study to eliminate these impurities.
ACKNOWLEDGMENT
The authors would like to thank the Yalova University
BAP Project “2019 / AP / 0024” for its financial support.
Figure 4: XRD Result of %105 Stoichiometric Samples.

Figure 5: XRD Result of %110Stoichiometric Samples.

According to Figure 4 and Figure 5, the increase in Mg
stoichiometry increased the amount of Mg in the medium and
caused an increase in MgV based phases. Accordingly, 100%
stoichiometric composition was determined as the mixture in
which VC was obtained under the most optimum conditions.
According to the XRD results, the VC phase was obtained
at each stoichiometry. However, in order to use the product, it
must be purified from Mg based impurities. This work is an
ongoing process. In the next stage of the study, it is aimed to
obtain a product with XRD peaks equivalent to the
commercial quality product by removing impurities by
leaching method.
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Abstract - Today, the most common catalyst used for Oxygen
Reduction Reaction (ORR) at the cathode side of fuel cells, is the
rare and expensive platinum metal. The main focus of this study is
to synthesize a free – platinum electrocatalyst for ORR
applications. For this purpose, the Copper - centered Metal
Organic Framework (Cu - MOF) is selected as electrocatalyst. The
electron conductivity of MOFs is low. So, in order to enhance the
ORR kinetics and conductivity, for the first time, Nitrogen and
Sulfur Dual-Doped Reduced Graphene Oxide (NS - RGO) with
different concentrations are incorporated into the Cu – MOF
structure. For evaluating the structural properties and
morphology of synthesized electrocatalysts, three important
characterization techniques are employed. Also, in order to assess
the durability and ORR activity, the electrochemical
measurements are performed. The electrochemical tests are
implemented by using the Rotary Disk Electrode (RDE) device.
The best ORR activity is related to the 8% NS – RGO - Cu – MOF.
The onset potential and electron transferred number (n) of this
catalyst are obtained to be -0.06 V vs Ag/AgCl and 3.53,
respectively. In other words, it tends to favor the 4e- pathway for
oxygen reduction reaction. Finally, the electrochemistry activity of
synthesized electrocatalysts is compared to the previous
investigations and commercial 20 wt% Pt/C. It can be concluded
that the incorporation of carbon-based materials and MOFs has
an outstanding ORR performance, and can be replaced with the
platinum-based catalysts.
Keywords - Oxygen Reduction Reaction; MOF; Reduced
Graphene Oxide; Fuel Cell; Electrocatalyst;

I. INTRODUCTION
The high cost of the catalysts used at the anode and cathode
sides limits the commercialization of fuel cells for practical
applications.
One of the effective factors on performance of fuel cells and
batteries is the type of catalysts used at the anode and cathode
sides. At the moment, the most common catalyst for ORR is
platinum (Pt) or platinum group metals [1]. Platinum element
is very costly and rare, so in order to speed up to
commercialization of fuel cell technology, the platinum – free
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catalysts must be replaced with platinum [2]. The
electrochemical reaction, which takes place at the cathode side
is the Oxygen Reduction Reaction (ORR). The sluggish kinetics
of ORR is one of the main challenges in fuel cell systems [3].
In order to diminish the polarization loss over the ORR, many
researches have been carried out to develop the lasting and
effective ORR catalysts consist of carbon based materials,
metals, metal oxides, and metal – organic complexes [4].
Metal organic frameworks (MOFs) represent a class of porous
material which is formed by strong bonds between metal ions
and organic linkers [5]. MOFs due to their crystal and threedimensional structure have no an acceptable electron
conductivity. High electrical conductivity is one of the most
basic and important properties for any electrocatalysts used in
fuel cells. In other words, the low value of electrical
conductivity of MOFs has been limited the use of them as stand
– alone for catalyst [6]. So, in order to enhance the electrical
conductivity of MOFs, carbon-based materials such as, Carbon
Nano Tube (CNT) and Graphene Oxide (GO), are incorporated
to the MOF. In following, the recent investigations on using
MOFs for ORR applications are expressed. To evaluate the
structure and morphology of each electrocatalyst, the
physicochemical characterization tests, including X-ray
diffraction (XRD) pattern, Raman spectroscopy, Scanning
Electron Microscopy (SEM), Fourier transformed infrared
(FTIR), and Energy-Dispersive X-ray Spectroscopy (EDS) are
employed. Also, in order to assess the electrochemistry activity
and durability of catalyst, the electrochemical measurements,
including Cyclic Voltammetry (CV), Linear Sweep
Voltammetry (LSV), and chronoamperometric response are
used. So, in investigations of catalyst, the performance of
electrocatalyst is evaluated by the physicochemical
characterization and electrochemical tests.
Fe - centered metal MOF is fabricated for ORR in an alkaline
electrolyte [7]. According to the electrochemical test, by
applying this catalyst, the ORR occurs by the IRXUဨHOHFWURQ
pathway. Also, the onset potential is computed to be -0.12 V vs
Ag/AgCl. It was found that MOFs can open a novel rout for
fabrication the catalysts with low cost and high efficiency. The
bifunctional catalyst of Co/MIL101(Cr) – O is synthesized and
evaluated [8]. According to the electrochemical test, the onset
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potential is reported to be -0.12 V vs Ag/AgCl. In other
research, a mixed metal MOF (Fe/Co – MOF), which its
organic ligands is trimesic acid is synthesized and introduced
for ORR in lithium air batteries [9]. The onset potential and
electron transferred number (n) are found to be -0.13 V and 3,
respectively. In order to enhance the electrochemistry activity
for ORR, Co-MOF is synthesized on carbon as the support [10].
The electrochemical measurements are performed in alkaline
medium, and the onset potential is gained to be 0.8 V vs. RHE.
In addition, the value of n is accounted to be 3.4 at 0.7 V vs.
RHE. The hybrid Co-OBA and carbon black is fabricated, and
assessed from the morphology and activity viewpoints [11].
Benzoic acid is utilized as the organic ligands. The outcomes
show that the synthesized catalyst has a suitable lasting in
alkaline medium, and the onset potential is obtained to be 0.197 V vs Ag/AgCl. A novel assembly of Co - centered MOF
and MWCNT (Co-MOF@CNTs 3D) is fabricated and
evaluated for ORR [12]. Because of the electrostatic
interaction, Co2+ ions are adsorbed onto the CNTs. The onset
potentials of CNT, Co – MOF, and Co-MOF@CNT (5%) are
found to be 0.85, 0.82 and 0.91 V vs RHE, respectively. Also,
the electron transferred number is computed by 3.6. As a result,
CNT can improve the poor electron conductivity of MOFs.
Jahan et al. [13] fabricated a novel GO and copper - centered
metal MOF composite electrocatalyst for ORR. The
electrochemical measurements are implemented in acid media,
and it was found that the durability of synthesized catalyst is
higher than pure MOF. Also, the power density is found to be
76% of Pt catalyst. The new composite of Co@Co9S8-N/C as a
non-noble-metal catalyst for ORR is fabricated and analyzed
[14]. The results of electrochemical tests show this catalyst has
an onset potential of 0.999 V vs. RHE and an ORR peak
potential of 0.779 V vs. RHE. In fact, MOFs can help to develop
the fuel cell technology to commercialization.
In present investigation, for the first time, in order to improve
the electrical conductivity of copper – centered MOF (Cu –
MOF), NS – RGO is hybridized with this type of MOF. First,
GO is fabricated by modified Hummer’s method. Next, the
synthesized GO is reduced by thiourea, and N and S are doped
on GO sheets (NS – RGO). In continue, the different
concentrations (X%) of NS – RGO are added to the MOF
structure to produce the final catalyst powder (X% NS – RGO
– Cu – MOF). The electrocatalysts are fabricated for employing
in ORR of cathode side. The morphology and kinetic of
synthesized electrocatalysts are assessed by physical and
electrochemical
measurements,
respectively.
The
electrochemical tests are implemented in alkaline media.
Finally, the ORR activity of synthesized electrocatalysts is
compared to the 20 wt% Pt/C catalyst. In fact, the main focus
of this investigation is to synthesize a new electrocatalyst with
a simple hydrothermal method, which can be a suitable and
affordable alternative to the platinum (Pt) for ORR
applications.

Nafion solution (5 wt%) were provided from the SigmaAldrich.
In this investigation, GO was synthesized based on the modified
Hummer’s method. For reduction of GO and dual doping of
nitrogen and sulfur (NS – RGO), thiourea (CH4N2S) was
utilized. In this method, first, 50 mg of GO was dispersed in a
50 mL of ethylene glycol (C2H6O2) (EG) by using the ultrasonic
bath device for 1 h. In following, 0.5 g of thiourea was dispersed
in a 78 mL of EG, and thiourea solution was achieved. Next,
the thiourea solution was added to the GO dispersion, and
sonicated by applying the probe sonicator for 90 minutes. Then,
the solution was transferred to a round bottom flask and
exposed to the reflux for 5 h at 190 °C. After completion of this
hydrothermal process, the NS – RGO powder was collected by
centrifugation and thoroughly washed with DI water and
ethanol. The solution was dried at 80°C in the vacuum oven
overnight.
The main innovation point of this investigation is adding the
different quantities of GO and NS – RGO to the MOF mixture.
In this method, the weight fraction of 6 and 8% of GO and NS
– RGO were added to the mixture, and sonicated by the probe
sonicator for 1h. In following, the homogenized mixture was
transferred to a 50 mL autoclave and then heated at 120 °C for
36 hours. After the washing by DMF, the mixture was
transferred to a vacuum oven. Due to the adding NS – RGO to
the mixture, the color of dried powder was changed from
turquoise blue to blue grayish. In order to achieve a conductive
and active MOF, the carbonization method is employed [15].
Therefore, the 8% NS - RGO - Cu- MOF powder was
transferred to a tubular furnace for thermal annealing at 750 °
C in a nitrogen (N2) atmosphere.
Figure 1 displays the schematic of the chemical structures of
synthesized electrocatalysts. As can be shown, graphene
structure lacks oxygen functional groups. After oxidization of
graphene, oxygen functional groups are formed on carbon
atoms, which including epoxy, carbonyl, carboxyl, and
hydroxyl. In the Reduced Graphene Oxide (NS -RGO)
structure, the amount of oxygen functional groups has been
considerably decreased compared to GO, and the structure is
closer together. Cu – MOF has a 3D framework, which consists
of two different ligands: C8H6O4 & C6H12N2. The Cu – MOFs
are formed on GO and NS – RGO sheets.

II. METHODOLOGY
All of chemical materials have been purchased from the Merck
with analytical grade. Also, the purchased materials were
utilized without further purification. Graphite powder and
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Figure 1. The schematic of the chemical structures of synthesized
electrocatalysts.
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The performed physical tests in this work include X-ray
diffraction (XRD) pattern and Scanning Electron Microscopy
(SEM). Also, the electrochemical measurements are
implemented by applying the three-electrode cell system. In
order to prepare the catalysts ink, 2 mg of catalyst powder were
mixed with 1 mL of the water and alcohol solution (1:1), and
10 mL of 5 wt% Nafion solution. After that, the mixture was
sonicated in an ultrasonic bath device for 3 hours.
At the final stage of electrochemical studies, the obtained
results were compared to the previous studies and 20 wt% Pt/C
commercial catalyst.
III. RESULTS AND DISCUSSIONS
Figure 2 indicates the XRD patterns of synthesized
electrocatalysts. In XRD pattern of GO, a sharp peak (001) at
ș LVVKRZQ. Also, the intensity of this peak is about 2800.
This peak with a d – spacing of 0.8 nm is related to the GO, and
is similar to the reported results by Jabbar el al. [16] as reference
paper. As can be seen in XRD pattern of NS – RGO, after
reduction of GO by thiourea, the peak associated with GO (001)
is disappeared. A new peak at ș LVDSSHDUHG  DQG
d – spacing is 0.4 nm. It can be confirmed that N and S agents
have replaced to the oxygen functional groups (similar to [17]).
The XRD patterns show that new peaks are appeared, which it
indicates that Cu – MOF seeds are formed on GO and NS –
RGO surface. Also, two major peaks associated with Cu – MOF
are observed in XRD patterns of 6% GO – Cu – MOF and 6%
NS - RGO – Cu – MOF catalysts. But, the intensity of these
peaks has been reduced, which it illustrates that the crystallite
of MOF has been decreased. In XRD pattern of 6% GO – Cu –
02) ' WKHSHDNDVVRFLDWHGZLWK*2  LVVKRZQDWș 
11.64°, but due to the formation of Cu – MOF on GO sheets,
the intensity of this peek reduces considerably. The intensity of
NS – RGO (002) has been reduced. For example, the SHDNDWș
  LV UHODWHG WR WKH SXUH FRSSHU )LJXUH  )  VKRZV WKH
XRD pattern of 8% NS - RGO – Cu – MOF after the thermal
annealing process. each Cu2+ is coordinated by 4 oxygen atoms.
Actually, after the carbonization process, the crystalline
structure of Cu – MOF is destroyed, and active sites for ORR
LQFUHDVHV7KHSHDN  DWș LVUHODWHGWRWKH5*2
– Cu2O composite [18].

synthesized GO is similar to the previous investigations [19,
20]. As a result, GO powder has been synthesized properly. As
can be seen in SEM image of NS – RGO, the structure of
reduced graphene oxide is similar to graphene oxide. In NSRGO, due to the high temperature reflux heat treatment (180 °
C), and ultrasonic operation, the sheets have become smaller
and closer to each other. Actually, by replacing the N and S
agents with the oxygen functional groups, the interaction
between the sheets has been increased, which it is the clearest
difference between the structure of NS-RGO and GO. The
morphology of NS – RGO sheets are confirmed with the SEM
images reported by Bag et al. [19]. The SEM image of Cu –
MOF are exhibited in part C. It can be seen that the crystal
structure of MOF has been formed properly. The size of crystals
is uniform, and is in the nanometer range (333.3 nm, 480.2 nm,
168.9 nm). As can be seen in SEM images of 6% GO - Cu –
MOF, the MOF crystals are formed on GO sheets. Also, the
distribution of Cu – MOF particles on GO is uniform.
According to the SEM images of 6% and 8% NS – RGO - Cu –
MOF, the more amounts of MOF crystals have been formed on
NS – RGO sheets in comparison to 6% GO – Cu – MOF. This
is due to the presence of sulfur and nitrogen agents, which act
as an anchor, leading to a strong bonding of the metal ions to
the carbon sheets. Metal ions are more easily absorbed by more
negative charge points. The electronegativity of sulfur and
nitrogen is higher than carbon, thereby causing the negative
charge and pulling metal ions (Cu2+) to the surface.

Figure 3. The SEM and TEM images of synthesized electrocatalysts:
(A) GO; (B) NS – RGO; (C) Cu – MOF; (D) 6% GO - Cu – MOF;
(E) 6% NS – RGO - Cu – MOF; (F) 8% NS – RGO - Cu – MOF.

Figure 2. The XRD patterns of synthesized electrocatalysts.

Figure 3 shows the SEM images of synthesized electrocatalysts.
The sheets and flakes of GO have a uniform structure. The
shape of GO sheets is wavy and folded. The morphology of

E-ISBN: 978-625-44427-4-2

Figure 4 depicts the CV curves of synthesized electrocatalysts.
In all catalysts, the peak associated with ORR is shown. Also,
in presence of N2 gas (inert gas) no peak is appeared. It is
concluded that, the synthesized electrocatalysts have an
acceptable selectivity property. For GO catalyst, the ORR peak
is at the -0.3 V vs Ag/Ag/Cl, and the current peak is found to be
-0.7 mA/cm2. This peak is related to the ORR, and can be
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confirmed by [19]. For NS – RGO, the ORR peak is appeared
at -0.24 V vs Ag/Ag/Cl, and the current density is obtained to
be -1.8 mA/cm2. With the reduction of GO, the ORR peak has
become sharper, and shifted to the more positive values, which
it indicates the electrochemistry activity is improved. The ORR
peak of Cu – MOF is at -0.43 V vs Ag/Ag/Cl. To enhance the
electron conductivity and electrochemistry activity, the Cu MOF are hybridized with GO and NS – RGO. As can be
noticed, the ORR peaks for 6% GO - Cu – MOF, 6% NS – RGO
- Cu – MOF, and 8% NS – RGO - Cu – MOF are shifted to 0.41, -0.36, and -0.08 V vs Ag/Ag/Cl, respectively.

incorporated to the MOF structure. The onset potential of 6%
GO - Cu – MOF has been shifted from -0.22 to -0.11 V vs
Ag/Ag/Cl. By adding 6 and 8%wt of NS – RGO, the onset
potentials are found to be -0.08 and -0.06 V vs Ag/Ag/Cl,
respectively. It can be concluded that the combination of
carbon-based materials with MOFs significantly improves the
kinetics and activity of catalysts in ORR applications. In Figure
5 (H), the LSV curves of synthesized electrocatalysts at 2500
rpm are compared to the 20 wt% Pt/C. The onset potential of 20
wt% Pt/C is found to be about zero. Amongst the synthesized
electrocatalysts, 8%wt of NS – RGO has the best performance
and electrochemistry activity in the ORR. Also, it is suggested
that other concentrations of NS – RGO are evaluated in future
works.

Figure 4. The outcomes of CV test for synthesized electrocatalysts:
(A) GO; (B) NS – RGO; (C) Cu – MOF; (D) 6% GO - Cu – MOF;
(E) 6% NS – RGO - Cu – MOF; (F) 8% NS – RGO - Cu – MOF.

Figure 5 displays the outcomes of LSV test for each synthesized
electrocatalyst, and 20 wt% Pt/C commercial catalyst. By
applying the LSV test, the value of onset potential is achieved.
As can be observed, in all curves, by increasing the rotation
speed of the working electrode, the oxygen mass transfer
resistance decreases and the oxygen movement towards the
electrocatalyst becomes smoother. In other words, with the
LQFUHDVH RI Ȧ WKH DPRXQW RI R[\JHQ RQ WKH HOHFWURFDWDO\VW
surface increases, resulting in more current density. The onset
potential for GO is about -0.16 V vs Ag/Ag/Cl. Also, the current
density is obtained to be -1.5 mA/cm2 at -1V vs Ag/Ag/Cl. By
reducing the GO with thiourea (NS – RGO), the onset potential
of catalyst was shifted to -0.1 V vs Ag/Ag/Cl. Actually, by
doping the nitrogen and sulfur agents on GO structure, the
kinetic of electrocatalyst has been improved. According to the
polarization curves, the current density of catalyst enhances.
For instance, the current density of catalyst increases by 180%
(-4.2 mA/cm2) in comparison to the GO at -0.1 V vs Ag/Ag/Cl
and 2500 rpm. Based on the polarization curve of Cu – MOF,
the onset potential is about -0.22 V vs Ag/Ag/Cl. Also, the
values of current density at different rotation speeds are low.
Correspondingly, to improve the poor electron-conductive of
Cu - MOF, the different percentage of GO and NS – RGO were
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Figure 5. The LSV curves of synthesized electrocatalysts, and 20
wt% Pt/C commercial catalyst: (A) GO; (B) NS – RGO; (C) Cu –
MOF; (D) 6% GO - Cu – MOF; (E) 6% NS – RGO - Cu – MOF; (F)
8% NS – RGO - Cu – MOF; (G) 20 wt% Pt/C; (H) comparison of
electrocatalysts.

At the final stage of investigation, the electrochemistry activity
of 8% NS – RGO - Cu – MOF is compared to the previous
studies, which the types of MOFs are utilized at the cathode side
(ORR). Table q shows the obtained onset potential for this study
and other investigation. In this study, the best electrochemistry
activity is related to 8% NS – RGO - Cu – MOF (-0.06 V vs.
Ag/AgCl). It can be concluded that by using the NS – RGO as
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support, which has a high electron conductivity, the
performance and activity of Cu – MOF have been improved
considerably.

4.
5.

Table 1. The obtained onset potentials for this investigation and prior
works at 0.1 M KOH.
Name of
Onset potential
Ref.
Authors
8% NS – RGO
- Cu – MOF
Fe-BTC
(Fe/Co)-BTC
Cu2(TMBDI)(
H2O)2
Co-Oxybis
(benzoic acid)
Co/MIL 101(Cr) - O
Co/MIL 101(Cr)

-0.06

-

This work
[7]
[9]

-0.12
-0.13

-0.13

Jiang, Min, et al.

[21]

-0.197

Fan, Tianyu, et al.

[11]

-0.12

Xiaobo He et al.

[8]

-0.08

Xiaobo He et al.

[8]

6.
7.

8.

9.
IV. CONCLUSIONS
In summary, by applying the simple hydrothermal methods,
several free- platinum electrocatalysts are fabricated for ORR
applications. The focus of this investigation is to synthesize the
carbon-based materials (GO and NS – RGO) incorporated Cu –
MOF composite for ORR. Amongst the synthesized
electrocatalysts, 8% NS – RGO - Cu – MOF has the best
electrochemistry activity. The onset potential and electron
transferred number of this catalyst are found to be -0.06 V vs.
Ag/AgCl and 3.35, respectively. Actually, it tends to favor the
4e- pathway for oxygen reduction reaction. The performance of
this catalyst is very close to the 20 wt% Pt/C commercial
catalyst. Also, the synthesized electrocatalysts have an
acceptable durability. This investigation indicated that the
metal – free NS – RGO catalyst can considerably improve the
poor electron conductivity of MOFs. Also, applying the heattreating method can enhance the activity and conductivity of
MOF. The electrochemistry activity of wt. % of NS – RGO –
Cu – MOF electrocatalysts is promising and competitive with
20 wt% Pt/C commercial catalyst. In other words, the
composite of carbon - based materials and MOFs can help to
development of fuel cells technology.
REFERENCES
1.

2.

3.

Liu, X., et al., One-step synthesis of shell/core
structural boron and nitrogen co-doped graphitic
carbon/nanodiamond as efficient electrocatalyst for
the oxygen reduction reaction in alkaline media.
Electrochimica Acta, 2016. 194: p. 161-167.
Liu, X.-H., et al., Well-defined metal–O6 in metal–
catecholates as a novel active site for oxygen
electroreduction. ACS applied materials & interfaces,
2017. 9(34): p. 28473-28477.
Li, H., et al., One step in-situ synthesis of Co@ N, S
co-doped CNTs composite with excellent HER and

E-ISBN: 978-625-44427-4-2

10.

11.

12.

13.

14.

15.

16.

ORR bi-functional electrocatalytic performances.
Electrochimica Acta, 2017. 247: p. 736-744.
Chung, H.T., et al., Direct atomic-level insight into
the active sites of a high-performance PGM-free
ORR catalyst. Science, 2017. 357(6350): p. 479-484.
Chai, L., et al., Bottom-up synthesis of MOF-derived
hollow N-doped carbon materials for enhanced ORR
performance. Carbon, 2019. 146: p. 248-256.
Gonen, S. and L. Elbaz, Metal organic frameworks
as catalysts for oxygen reduction. Current Opinion in
Electrochemistry, 2018. 9: p. 179-188.
Song, G., et al., Preparation of MOF (Fe) and its
catalytic activity for oxygen reduction reaction in an
alkaline electrolyte. Chinese Journal of Catalysis,
2014. 35(2): p. 185-195.
He, X., F. Yin, and G. Li, A Co/metal–organicframework bifunctional electrocatalyst: the effect of
the surface cobalt oxidation state on oxygen
evolution/reduction reactions in an alkaline
electrolyte. international journal of hydrogen energy,
2015. 40(31): p. 9713-9722.
Wang, H., et al., Preparation, characterization and
bifunctional catalytic properties of MOF (Fe/Co)
catalyst for oxygen reduction/evolution reactions in
alkaline electrolyte. International journal of hydrogen
energy, 2014. 39(28): p. 16179-16186.
Sheelam, A. and K. Ramanujam, Metal-Organic
Complexes,[Co (bpy) 3](NO3) 2 and [Co (bpy)
2NO3] NO3· 5H2O, for Oxygen Reduction Reaction.
Journal of The Electrochemical Society, 2017.
164(9): p. F1022-F1029.
Fan, T., et al., A metal–organic-framework/carbon
composite with enhanced bifunctional
electrocatalytic activities towards oxygen
reduction/evolution reactions. International Journal
of Hydrogen Energy, 2017. 42(27): p. 17376-17385.
Fang, Y., et al., Self-assembly of cobalt-centered
metal organic framework and multiwalled carbon
nanotubes hybrids as a highly active and corrosionresistant bifunctional oxygen catalyst. Journal of
Power Sources, 2016. 326: p. 50-59.
Jahan, M., Z. Liu, and K.P. Loh, A Graphene oxide
DQGFRSSHUఆFHQWHUHGPHWDORUJDQLFIUDPHZRUN
compRVLWHDVDWULఆIXQFWLRQDOFDWDO\VWIRU+(52(5
and ORR. Advanced Functional Materials, 2013.
23(43): p. 5363-5372.
Song, B.-Y., et al., Achievement of a novel porous
non-noble-metal catalyst with excellent oxygen
reduction reaction activity: Promoting the
commercialization of alkaline fuel cells. Journal of
Cleaner Production, 2020. 249: p. 119314.
Gokhale, R., et al., Novel dual templating approach
for preparation of highly active Fe-NC
electrocatalyst for oxygen reduction. Electrochimica
Acta, 2017. 224: p. 49-55.
Jabbar, A., et al., Electrochemical deposition of
nickel graphene composite coatings: effect of
deposition temperature on its surface morphology

217

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

17.

18.

19.

20.

21.

and corrosion resistance. RSC advances, 2017.
7(49): p. 31100-31109.
Soomro, S.A., et al., Improved Performance of
CuFe2O4/rGO Nanohybrid as an Anode Material for
Lithium-ion Batteries Prepared Via Facile One-step
Method. Current Nanoscience, 2019. 15(4): p. 420429.
Liu, G., et al., Heat-pulse assisted NH 3 gas sensing
based on cuprous oxide nanoparticles anchored on
reduced graphene oxide nanosheets. Journal of
Materials Science: Materials in Electronics, 2018.
29(4): p. 3317-3325.
Bag, S., et al., Nitrogen and sulfur dual-doped
reduced graphene oxide: synergistic effect of dopants
towards oxygen reduction reaction. electrochimica
acta, 2015. 163: p. 16-23.
Gurunathan, S., et al., Green synthesis of graphene
and its cytotoxic effects in human breast cancer cells.
International journal of nanomedicine, 2013. 8: p.
1015.
Jiang, M., et al., Oxygen reduction in the nanocage of
metal–organic frameworks with an electron transfer
mediator. Journal of Materials Chemistry A, 2014.
2(15): p. 5323-5329.

E-ISBN: 978-625-44427-4-2

218

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

Chemical Modification of Starch for Food
Nanomaterial Applications
F. SAMAN1, O. ARSLAN1 and Y. ABALI2
1

Istanbul Sabahattin Zaim University, Food Eng. Dept., 34303, Istanbul / Turkey, filiz.saman@std.izu.edu.tr ,
o.arslan@izu.edu.tr
2
Manisa Celal Bayar University, Chemistry Department, 45140, Manisa / Turkey, Yüksel.abali@cbu.edu.tr

Abstract - Starch is a common food ingredient which composed
of amylose chains formed by the combination of approximately
200 glucose units linked by a linear -1,4 bond. In addition to that
starch contains amylopectin structures consisting of
approximately 20 glucose units with -1,6 branching in amylose
chains. Chemical modification of the starch is realized for many
different applications in nutritional purposes, surface adsorption
and water regulation. The -OH groups of glucose monomers in the
starch structure play an important role for the hydrogen bonding,
covalent modification and hydrolysis condensation reactions.
From this perspective, Si quantum dots which were synthesized by
sol-gel technique, was interacted with starch molecules. During the
synthesis of Si quantum dots hydrolysis and condensations
reactions take place forming a surface modified Si quantum dots
emitting a well defined visible light detected by photoluminescence
measurements. Chemically modified starch shows visible light
emission which was confirmed by photoluminescence peaks and
Fourier transformed infrared spectrums. Obtained fluorescence
materials can be utilized for food nanomaterial applications such
as food barcods, fluorescence sensors and exceptional starch based
applications.
Keywords - Modified starch, fluorescence, quantum particle,
food nanomaterial

T

I. INTRODUCTION

HE stored structure of carbohydrates formed as a result of
photosynthesis in plants is called starch. Starch derivatives
is utilized mainly in the food industry ( raw materials or
thickeners, gelling agents and encapsulation agents), paper
industry (as wet end additives for dry strength, surface sizes and
coating binders), as adhesives (corrugated cardboard, bags,
bottle labeling, lamination, envelopes, pipe wrapping and
wallpaper pastes), warp sizing of textiles and glass fiber sizing
[1], [2].

The functional properties of starches are based on the molecular
structure of amylose and amylopectin in their chemical
composition [3]. The combination of glucose units with linear
Į-1,4 bond forms the amylose structure. The glucose groups
FRQQHFWHGWRWKLVDP\ORVHVWUXFWXUHE\EUDQFKLQJĮ-1,6 form the
amylopectin structure. Glucose molecules contain hydroxyl
groups that can react chemically [4]. By modifying the starch
through hydroxyl groups of these glucose molecules, a new
novel feature can be attached to the starch. Numerous studies
were conducted for starch modification from past to present
[5]–[7].
It is inevitable that modification techniques change with the
developing technology and in this direction, the expectations
from modified materials will also vary. Today, with the
development of nanotechnology, materials can be modified by
coating the surfaces of organic materials [8]. In this way, these
organic materials can exhibit chemical and physical properties
that they normally do not carry. Nano structures are structures
below 100 nm. These structures show different properties
according to their size and quantization situations.
Quantum particles are structures that are synthesized below
10 nm in size and exhibit special behaviors depending on their
size due to quantized energy levels. These particles can be
organic or inorganic structures together with surface
modifications. There are basically two different methods for the
synthesis of quantum particles. The first is to obtain quantum
dots by shrinking amorphous matter from top to bottom. The
second is the method of synthesis from molecule to material
from the bottom up.
In this study, starch was aimed to realize the modification
with quantum dots in order to expand the application area. Also
this modification will increase the functionality of starch and its
derivatives.
II. MATERIAL AND METHODS

Figure 1: Chemical binding in of starch molecules
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A. Production of SiQDs
For the synthesis of Si quantum particles, various reductive
ligand molecules and one aminosilane are prepared in different
proportions and the mixture was exposed to UV rays. Thus, Si
quantum particles were obtained. By changing the exposure
time Si QD features can be varied. At this stage, the surface may
show covalent bonding with other structures [9-10].
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determined as an ideal modification point for Si QDs. After the
side products of condensation is removed (Figure 4) volatile
EtOH/MeOH for different reaction systems, total reaction is
completed.

Figure 2: Production of Si QDs from the precursors

B. Modification of starch
Synthesized Si QD’s carry -OH and OC2H5 groups appearing
on the surface of the particles during the synthesis. These
groups are vectorized for the starch modification in aqueous
solution. According to the produced procedure, certain amount
of starch is placed into the test tube and QD solution is added
onto this dried powder. After mixing for 10 minutes, obtained
modified starch molecules were dried and stored. Since
hydrolysis and condensation reactions basically govern the
modification, this covalent bond examination was conducted by
FT-IR analysis. Figure 2 accordingly shows the surface
properties and functional groups on Si QDs. Also Figure 2
shows the surface properties and anchor points after the
fabrication of quantum particles.

Figure 4: Demonstration of the scheme of binding of quantum
particles to -OH regions in starch modification (yellow: -OH
positions, red: -OCH3 groups)

C. Applications of modified strach
In order to examine the food availability of the modified
starch, a guda product was prepared and a formulation for water
pudding was completed. The fluorescence properties of the
obtained water pudding were examined.
III. RESULTS
For the synthesis of quantum particles, a certain amount of
starting silane material was taken and solvent and reducing
agent were added on the basis of volume ratios. First of all, the
amount of reactant material is optimized and it is aimed to
obtain a sustainable quantum dot material. Additionally,
interaction period with the UV lamp was optimized. For this
purpose, the same ratios were interacted with different amounts
of UV light and their fluorescence properties were examined.

Figure 5: Si Quantum Dots under excitation (left) under daylight
(right)
Figure 3: Interaction of quantum particles in starch modification

In addition, modification features are also detectable as
shown in Figure 3. For the all anchor –OH positions, possible
condensation reactions were shown. Thus, –OH positions are
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Technically Si QD interaction with the starch is conducted in
a test tube. But results showed that obtained products may
inherit some weight losses during the procedure and therefore
plastic tubes or teflon mediums seem more suitable for the
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reaction. Modification process was performed with different
amounts of Si QDs to maintain a homogenous, detectable
fluorescence intensity. SEM investigation was revealed that
prior to modification standart hollow structures of starch is
easily detected. One hollow structure exhibits a stable single
item having the smooth surface properties. Roughly these
hollow starch structures are 15-20 micrometer in size. At first
look, starch hollow structures are look like micropotatoes. As
mentioned surface roughness is extremely low which may be
due to the extreme polar character of the monomolecular
structure of glucose. Since –OH groups area extreme, these
polar structure forces the starch molecules to form a barrier to
each other establishing a closed hollow structure decreasing the
thermodynamic instability.

that modification of the raw starch was resulted with the
formation of random geometries representing the succesfull
modification. Smooth surfaces of the starch was varied and
structures which are greater than raw starch was obtained.
Closed observation unveils that modified structure shows plate
like morphology and sizes are randomly increased. Different
and irregular sizes inform us that modification effects more than
one hollow structure of the raw starch. Consequently, one
hollow structure interacts with more than one Si QD and this
causes attaching raw starch geometries to each other resulting
bigger, tougher organic clusters with fluorescence features.
Once starch structure are modified, physical appearance of
the starch does not vary since Si QD concentration on the starch
structures are extremely low but since fluorescence is a very
sensitive method it still provides the fluorescence feature which
may be utilized for different applications. Figure 8 shows the
physical appearance of the modified starch structure under
daylight and excitation.

Figure 8: The image of the modified starch in daylight and under
excitation
Figure 6: SEM investigation of the raw starch hollow structures

During the surface modification of these starch hollow
structures, compact appearance and surface features vary
significantly. SEM investigation shows that potatoes like
shapes of starch demolishes and a random shape behaviour is
observed.

Figure 7: SEM image of modified starch

This random shaped new modified structure of starch reveals
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During the fabrication procedure of the Si QD’s varying
periods of UV illumination was applied causing small shiftings
in the PL peaks. Therefore illumination was extended till 60-90
minutes to observe the variations. FT-IR investigation for
starting precursor AMEO and potatoe starch was presented in
Figure 9.

Figure 9: FT-IR analysis of starch and beginning precursor

-OH groups of the starch is clearly seen at 3300 cm-1 and O-
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C peak appears at around 1000 cm-1. In Si precursor N-H peaks
appear 3300-3200 cm-1 region. Also Si-O and C-O peaks are
visible at around 1500-1000 cm-1. This values clearly confim
that starch and Si precursor are readily reactable for the
formation of visible light emitting starch structures. Especially
NH2 functional groups stay on the obtained Si QD’s surface
providing a special version of the QD’s. This can provide
selective sensor applications such as Meisenheimer complex
formation
during
the
interactions.

interacted with starch no huge difference was detected.
Interestingly –OH groups are still clearly visible but NH
strecthings do not increase on the starch structure.
Obtained visible light emitting starch structure was utilized
for the food products. This modified starch became an
ingredient in water pudding. Obtained water pudding was
investigated as fluorescent food. Also excited pictures of water
pudding clearly shows that fluorescence features of the pudding
is present which may be utilized for varied examples.

Figure 11: The image of the water pudding in daylight and
excitation

As a result, Si QDS were produced with facile and easy
process to modifiy the starch molecules. Chemically modified
starch emits visible green light which can be utilized for varying
applications. Physical and chemical investigation clearly
showed that modified starch connects to the Si QD’s which
provide a stable composition.
Figure 10: Different loadings of Si QD’s on starch

Figure 10 reveals the FTIR investigation of different amount
of Si QD loadings onto the starch structures. As the amount of
the Si QD loading is increased, –OH functional group peaks
intensity is accordingly decreased meaning multiple interaction
of the Si QD with starch surface. Additionally, C-O peaks at
around 1000 cm-1 changes relatively. Since NH2 groups are
present on the starch due to the new loaded Si QDs N-H peak
with C-H peaks seen after 3000 cm-1.

Figure 11: FT-IR investigation with different sizes of Si
QD’s
As mentioned earlier, varying periods of UV light was
applied during the synthesis of Si QD’s. When these QD’s were
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ABSTRACT
A PdRuCr-based sensor that detects the citric acid (CA)
preservative in different foods has been developed. Carbon
nanotube (CNT) based PdRuCr catalysts were synthesized by
sodium boron hydride (NaBH4) method. The activities of the
electrocatalysts were carried out using electrochemical
measurements such as cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) methods. It was studied
by adding Cr in different proportions to the structure for
PdRuCr / CNT, which is a three metal catalyst.. The
concentration study was carried out between 0 and 10 mM.
The optimum concentration for citric acid was determined as
5 mM. Scan rate was carried out to determine the reaction
mechanism. Analytical characterization of the electrocatalyst
was determined using the differential pulse voltammetry
technique for the specification limit and sensitivity values of
each preservative. The lowest limit ranges (LOD) and
senstivity were determined for citric acid (CA), the
specification limit values of the sensors in ppm were
calculated as 2.16 mgL-1 and 3392,958 μA/mM.cm2,
respectively. Analyzes were performed on different foods for
CA preservative. These different foods: grape vinegar, grape

FRQVWLWXHQWVLQFOXGLQJQDWXUDOFRPSRQHQWV HJVXJDUV
DPLQRDFLGVDQGDOFRKROV DQG ad-GLWLYHV HJYLWDPLQVDQG
PLQHUDOV DUHSUHVHQWLQDVXLWDEOHUDQJHRIFRQFHQWUDWLRQ
)RRGDQDO\VLVLVDOVRRIXSSHUPRVWLPSRUWDQFHWRSURWHFW
WKHFRQVXPHUVDJDLQVWDQ\DGXOWHUDWLRQ VSRLODJHRU
FRQ-tamination [1].
2QH RI WKH NH\ FKDOOHQJHV WR ERWK FRQWURO  IRRGVWXII
FRPSRVLWLRQ  DQG  GHWHFW  FKHPLFDO  RU  ELRORJLFDO
FRQWDPLQDQWVLVWKHDYDLODELOLW\RIVHOHFWLYHVHQVLWLYHDQG
UHOLDEOH DQDO\WLFDO PHWKRGV To date, most analyses are
SHUIRUPHGE\VNLOOHGSHUVRQQHOLQDFFUHGLWHGODERUDWRULHV
XVLQJ VRSKLVWLFDWHG DQG FRVWO\ LQVWUXPHQWDWLRQ  VXFK  DV
OLTXLG  RU  JDV  FKURPDWRJUDSK\  FRXSOHG  ZLWK PDVV
VSHFWURPHWU\ $PRQJ WKH HPHUJLQJ DQG LQQRYDWLYH WHFKQRORJLHV  SURSRVHG  IRU  IRRG  DQDO\VLV  ELRVHQVRUV  DUH
SUHVHQWHGWRGDWHDVYHU\SURPLVLQJORZ-FRVWVFUHHQLQJ
WRROVXVDEOHDVFRPSOH-PHQWDU\GHYLFHVWRFRQYHQWLRQDO
PHWKRGV  %LRVHQVRUV  FRXOG  KHOS  WR  VHOHFW  D  UDWKHU
OLPLWHG  QXPEHU  RI  VXVSHFW  VDPSOHV  WKDW  ZRXOG  EH
IXUWKHU DQDO\]HG IRU FRQILUPDWLRQ E\ FRQYHQWLRQDO
WHFKQLTXHV UHGXFLQJ WKHFRVWDQGWLPHRIDQDO\VLV>@
,Q WKLV VWXG\ WKUHH PHWDO FDWDO\VWV ZHUH V\QWKHVL]HG DQG
HOHFWURFKHPLFDO VWXGLHVZHUHFDUULHGRXWRQFLWULF DFLG D
IRRGSUHVHUYDWLYH7KHVXUIDFHPRUSKRORJ\RIWKHREWDLQHG
QDQRPDWHULDOV Zere LQYHVWLJDWHG E\ F\FOLF YROWDPPHWU\
&9  WHFKQLTXH As a result of the studies, the most
VHQVLWLYH UHOLDEOH KLJKO\ UHSHDWDEOH DQG HFRQRPLFDO
VHQVRUZDVREWDLQHG

vinegar and orange soda.

II. EXPERIMENTAL METHODS
Key words: citric acid, electro-sensor, food sensor

,Q WKLV VWXG\ 3G5X&U  &17 QDQR FDWDO\VWV ZHUH
synthesized by sodium boURQK\GULGHUHGXFWLRQPHWKRG

I. INTRODUCTION
III. RESULTS AND DISCUSSION
Assuring food quality and safety has EHFRPHDVXEMHFWRI
PDMRUFRQFHUQIRUDXWKRULWLHVDQGSURIHVVLRQDOVRIWKHIRRG
VXSSO\ FKDLQ )RRG  TXDOLW\  UHODWHV  SULPDULO\  WR
FKDUDFWHULVWLFVVXFKDVDSSHDU-DQFHWH[WXUHWDVWHVPHOO
QXWULWLRQDO YDOXH FRQWHQW ZKLFK KDYH WR EH HQVXUHG WR
guarDQWHHERWKQXWULWLRQDOTXDOLW\DQGDFFHSWDELOLW\RIWKH
GHOLYHUHG IRRGV E\ WKH FRQVXPHUV $QDO\VLV RI IRRG
FRPSRVL-WLRQ  KHOSV  FRQWUROOLQJ  WKDW  DOO  WKH  GHVLUHG

E-ISBN: 978-625-44427-4-2

7KH EXIIHULQJ HIIHFW RI WKH WKUHH PHWDO FDWDO\VW ZDV
LQYHVWLJDWHG$FFRUGLQJWRWKHGDWDREWDLQHGDVDUHVXOWRI
WKHH[SHULPHQWVWKHEHVWEXIIHUYDOXHIRURIWKHWKUHH
PHWDOFDWDO\VWZDVGHWHUPLQHGto be 0.1 M H2SO4 buffer.
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WKH HOHFWURDQDO\WLFDO PHWKRG KDV KLJK DFFXUDF\ DQG LV
DSSOLFDEOH
,9 R()(5(1&(6
[1] 'ULGL) 0DUUDNFKL0 *DUJRXUL0 6DXOQLHU- 5HQDXOW1 - 
/DJDUGH(  1DQRPDWHUÕDO-based HOHFWURFKHPÕFDOEÕRVHQVRUVIRU
IRRGVDIHW\DQGTXDOÕW\assessment NDQRPDWHUÕDO-based
HOHFWURFKHPÕFDOEÕRVHQVRUV &KDSWHU-204
[2] 0F*UDWK7 ) (OOLRWW& 7 )RGH\7 /  %LRVHQVRUVIRUWKH
DQDO\VLVRIPLFURELRORJLFDODQGFKHPLFDOFRQWDPLQDQWVLQIRRG $QDO 
%LRDQDO &KHP –92
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Since the physical, chemical and optical properties of silica
particles depend on their size, surface features and
monodispersity, effective methods of preparing particles of
different sizes [6] with controlled chemical character requires a
particular attention. The size and monodispersity of silica
particles has a major impact on the quality of these structure.

easily detectable.
In this study different concentration values were applied to
the modified Stoeber method to observe the concentration
effect with usual synthesis conditions. Investigation showed
that size, surface character and monodispersity features can be
modified and modulated for different applications.
II. MATERIAL AND METHODS
Chemicals: Tetraethoxysilane (98%) (TEOS) obtained from
Acros Organics. Octyl triethoxysilane (OCTEO) were obtained
by Degussa-Dynasilane. Distilled water were added for the
hydrolysis-condensation reactions. Ethanol (technical),
Isopropyl alcohol (99,95%), NH3 (26%) have been received
from Sigma-Aldrich. Fabricated particles were cleaned with
EtOH and acetone and dried under room condiitons.
Methods and Characterization: Shimadzu-IRTracer-100
with ATR module was employed to measure the surface
character of the obtained nanoparticles. Shape and
monodispersity investigation were obtained by Scanning
Electron Microscopy (SEM) with ZEISS GEMINI 500 device.
SEM Samples were placed on Cu tape and sputtered with 3-5
nm Au prior to the analysis. Particle size analysis were
investigated by counting the 50 particle and plotting their
frequencies versus particles sizes. Non linear analysis were
applied to find the standart deviation.
Preparations of Silica nanoparticles: Nanosized SiO2
particles were obtained by modified Stoeber method. For the
synthesis, IPA/H2O/NH3 mixture was prepared between 0-5 °C
(cold trap) for a certain period of time. In a 250 mL flask,
proportions of the IPA/H2O/NH3 reactants were 4/1/0.75 and
this mixture were mixed at 400 rpm for 15 minutes. Then,
according to the same proportion 0.35/0.70/1.05 amounts for
TEOS were added in separate experiments. After the TEOS,
reaction were allowed to carry on at 400 rpm for another 6
hours. At the end, solution was centrifuged (HITACHI CR22N,
Japan) (10000 rpm, 5 minutes) and washed with EtOH and
acetone respectively and dried at room conditions.
III. RESULT AND ANALYSIS

Figure 2: Stoeber process for SiO2 synthesis

Stoeber et.al. produced a synthesis route to produce silica
nanoparticles with variable particle sizes between 5-2000 nm
using the sol-gel method in alkaline medium [6]. This technique
is considered to be a simple and effective way to fabricate
uniform silica spheres since the reaction conditions can be
controlled with details [10]. Generally, silicon alkoxide (usually
tetraethyl orthosilicate -TEOS) is hydrolyzed in the presence of
an alcohol under the basic catalyst such as ammonia [8]. Solgel process is mainly based on two reactions, hydrolysis and
condensation of precursors of metal alkoxides or metal salts [2].
Especially Si-O-Si bonds formed by the hydrolysis and
condensation of alkoxysilanes for fabricating SiO2. As shown
in Figure 1, the development of a three-dimensional crosslinked inorganic network structure with Si(OR)4 precursor is
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SiO2 nanoparticle synthesis were conducted with sol-gel
method using Stoeber technique in one pot reaction. The
synthesis was carried out by a modified route with varying
sialne concentrations. For the fabrication, an ambient
environment were provided during the synthesis by modulating
the necessary parameters. Especially at the early stages of the
nucleation by hydrolysis-condensation reactions, cold trap was
applied and this is the most significant parameter for the
synthesis. Prepared cold trap allows us to control the
propagation of the polymerization reactions and also modulate
the particles sizes.
In order to analyze the effect of silane concentration, we have
utilized varied amounts of silane precursor for the nanoparticle
synthesis. Variation was repeated 3 times and SiO2-1, SiO2-2
and SiO2-3 were obtained respectively. Obtained particles were
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Abstract - Aluminium alloys have high usage rate, especially in
the aviation, defence and automotive industries, where weight
reduction is extremely important. Pressure die casting technology
is a widely used method of casting aluminium alloys in terms of
its suitability for mass production. Aluminium-silicon alloy parts,
which are produced by the high pressure die casting method
(HPDC), generally contain porosity in different proportions and
sizes due to the discharge problems of gases trapped during the
rapid injection of molten metal into the mold cavity. Because of
increase in expectations and customer specifications in the
casting industry, it is desired to reduce gas porosity levels to
certain critical levels. Proper mold design and optimization of
casting process parameters play an important role in reducing
gas porosity by facilitating the evacuation of air from the mold
cavity. In this study, the change of porosity formation, during the
smelting, rafination and HPDC operations of AlSi9Cu3,
AlSi12Cu1Fe and AlSi12Fe alloys, were investigated. Stereo
microscopy and computed tomography (CT) were mainly used to
characterize obtained samples.
Keywords – aluminium, computed tomography, porosity,
stereo microscopy

I. INTRODUCTION
The importance of aluminium increases day by day with
increase in weight reduction particularly in aviation and
transportation industries [1]. The density of aluminium is
around 2.7 g.cm-3 and it makes the Al one of the lightest
structural metals after magnesium along with its suitable
mechanical and physical properties like yield strength and
corrosion resistance [2]. One more remarkable property of the
Al is that it can easily be recycled and, its recycle results in
95% energy saving in comparison to its primary production
[3].
The main reason of gas porosities and porosity-related defects
in aluminium casting is the hydrogen gas which is trapped in
liquid metal during casting. An increase in the amount of the
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hydrogen in liquid metal (as a result of the reduction of the
hydrogen in water like moisture in the atmosphere) increases
the ratio of porosities in casting products. Therefore, dissolved
hydrogen in the liquid metal should be avoided, otherwise the
mechanical properties of the final casting products will be
significantly affected negatively. When aluminium reacts with
water in the atmosphere (like moisture), hydrogen gas is
reduced and be dissolved in liquid aluminium. During the
solidification, hydrogen solubility of the aluminium decreases
and, released hydrogen results in the formation of pores. The
porosity appears especially close to the surface in the form of
small numbers of large gaps or small pores in the piece with a
thick section [4, 5].
In this study, the porosity structures of AlSi9Cu3,
AlSi12Cu1Fe and AlSi12Fe aluminium alloys were
investigated before and after degassing. The porosity
diameters and depths of the pieces were measured by
computed tomography (CT). In addition, pore diameters and
quantities were examined by means of a stereo microscopy
(SM) method and the results were compared with the results
which were obtained from the CT method.
II. EXPERIMENTAL STUDIES
Samples were taken before and after degassing for three
different molten alloys. The alloys were AlSi9Cu3,
AlSi12Cu1Fe and AlSi12Fe. In these experimental studies, a
vacuum density tester (Mk 2200), which runs by the
comparison of samples solidified under vacuum (80 mbar) and
under atmospheric conditions (1000 mbar), was used to
measure their hydrogen content. Thus, four different samples
were casted from each alloy; before and after degassing and
under vacuum and atmospheric conditions. Metkon Metacut
251 precise cutting device was used for sample cutting,
YXLON MU2000-D device for CT imaging and Bestscope
BUC2B-500C stereo microscope for micrographs were
utilized.
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III. RESULTS AND DISCUSSION
Dissolved hydrogen amounts in alloys were measured and
shared in Table 1. The results were same for both atmospheric
and vacuum conditions and, it proves the reliability of the
analyses. Briefly it can be understood that conducting tests
either under vacuum or under atmospheric conditions is viable
to measure the dissolved hydrogen content accurately.
Moreover, changing hydrogen amounts show that degassing
was a successful operation to reduce the hydrogen content of
the alloys to prevent the formation of porosities in the
solidification of casting products.
TaEOHHydrogen content of the alloys (wt.%).
Alloys
Before degassing
After degassing
AlSi9Cu3



1.50

AlSi12Cu1Fe

10.19

0.00

AlSi12Fe

13.85

1.53

CT and SM micrographs of AlSi9Cu3 alloy before degassing
were given in Figure 1 for the solidified sample under
vacuum, in Figure 2 for atmospheric conditions. Furthermore,
Figure 3 and 4 show the samples which were solidified under
vacuum and atmospheric conditions respectively after
degassing. Reduced atmosphere made the pores visible and,
positive effect of the degassing operation was also proved by
the microstructure.

)LJXUH  CT and SM images of AlSi9Cu3 before degassing for the
solidified sample under vacuum.
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)LJXUH  CT and SM images of AlSi9Cu3 before degassing for the
solidified sample under atmospheric conditions.

)LJXUH )LJXUH CT and SM images of AlSi9Cu3 after degassing
for the solidified sample under vacuum.
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Figure 4 CT and SM images of AlSi9Cu3 after degassing for the
solidified sample under atmospheric conditions.

Figure 5 CT and SM images of AlSi12Cu1Fe before degassing for
the solidified sample under vacuum.

From Figure 5 to Figure 8, the CT and SM micrographs of the
tested samples were given before and after degassing
operations for vacuum and for atmospheric conditions
respectively. Pores were visible too in vacuum solidified
samples in comparison to the samples which were solidified
under atmospheric conditions. But, it does not mean that
vacuum solidification results in the formation of pores in a
huge ratio than that of the atmospheric conditions. With
respect to the working mechanism of the hydrogen amount
measurement device, it can be understood that under vacuum
conditions dissolved hydrogen gas was released and caused
the formation of the pores whereas the dissolved hydrogen
was still in casting products for the samples solidified under
atmospheric conditions. Those results were consistent with the
results from Table 1 showing dissolved hydrogen amounts in
the alloys.
In the last experimental series, the micrographs of the sample
were taken for AlSi12Fe alloy for different solidification
techniques before and after degassing operation. The results
were similar to the previous test results from AlSi9Cu3 and
AlSi12Cu1Fe alloys. Degassing was a successful method to
remove the dissolved hydrogen content of the alloy (Figure 912).
Figure  CT and SM images of AlSi12Cu1Fe before degassing for
the solidified sample under atmospheric conditions.
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)LJXUH CT and SM images of AlSi12Cu1Fe after degassing for the
solidified sample under vacuum.

)LJXUH CT and SM images of AlSi12Fe before degassing for the
solidified sample under vacuum.

)LJXUH CT and SM images of AlSi12Cu1Fe after degassing for the
solidified sample under atmospheric conditions.

)LJXUH CT and SM images of AlSi12Fe before degassing for the
solidified sample under atmospheric conditions.
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after degassing operation under different solidification
environments in a dissolved hydrogen measurement device by
the comparison of their density change. The results were
supported by means of CT and SM techniques by taking the
micrographs of the samples. Degassing operations reduced the
dissolved hydrogen amounts to the values less and equal to
~1.5%. Those values were acceptable for industrial practice to
obtain sound HPDC products. This study is still ongoing and,
authors plan to extend the experiments by using further
characterizations of HPDC products which will be casted from
the alloys which had used in the present study.
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IV. CONCLUSION
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understand their gas porosity formation behaviours before and
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Abstract - This work reports about iron oxide and zinc oxide
doped akermanite/hydroxyapatite composite powders produced
by mixing in an aqueous solution of oxide precursor powders. Iron
oxide and zinc oxide were used as dopants in different
concentrations between 1-7%. The effect of dopants on the
powders was investigated utilizing the structural and
morphological characterization techniques such as X-ray
diffraction (XRD) analysis, scanning electron microscopy coupled
with energy dispersive X-ray spectrometry (SEM-EDS), particle
size analysis (PSA). The XRD patterns showed that akermanite
was successfully obtained in the predominant crystal phase. The
iron oxide and zinc oxide additions showed a slight influence on
the powder morphology. Furthermore, the morphologies of the
composite powders were affected by the amount of dopant.

In this study, the effect of different amounts of iron oxide and
zinc oxide on the structural and morphological properties of
akermanite/hydroxyapatite
bioceramic
powders
was
investigated. It was shown that increasing the amount of dopant
change the structural morphology of the bioceramic
composites.
II

EXPERIMENTAL

A. Materials
Synthetic hydroxyapatite powders (reagent grade, molecular
weight 502.31, 10-20 μm particle size range) were purchased
from Sigma AldrichTM, USA. Elemental Fe2O3 and ZnO
powders (ZnO, 99.9% purity) was obtained from Alfa AesarTM,
USA.

Keywords - Akermanite, Hydroxyapatite, Iron oxide, Zinc oxide.

B

I. INTRODUCTION

ioceramics, especially calcium phosphate-based
ceramics, attracted much attention for biomedical
applications due to their biocompatibility, bioactivity, and
osteoconductive properties [1-3]. Hydroxyapatite (HA,
Ca10(PO4)6(OH)2) is one of the most widely used calcium
phosphate-based bioceramics with its outstanding biological
responses to the physiological environment [4]. However,
disadvantages such as being not biodegradable and low fracture
toughness limit their wider application [5].
Recently, Akermanite (AK, Ca2MgSi2O7) as a novel
bioceramic has been the focus of researchers with its superior
degradation rate, its biodegradability, and its controllability of
mechanical properties [1, 6-8]. Furthermore, it is known that
AK has a stimulating effect on the body with the inorganic ions
it contains, and this stimulating effect is related to its bioactivity
[9, 10]. The combined use of these materials can overcome the
limitations of their independent use. It is also known that the
physical and biological properties of these materials can be
significantly improved by including metal oxides [11]. Among
them, iron oxide (Fe2O3) and zinc oxide (ZnO) stand out by
showing biocompatibility and antibacterial activity [12, 13].
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B. Powder Preparation
AK and HA powders, with an equal proportion for 0,4 g of
total powders were mixed by dissolving in a 10 ml aqueous
solution. Hereafter, Fe2O3 and ZnO powders at different weight
percentages (1, 3, 5, and 7 wt%) were added into the obtained
homogeneous solutions and stirred at room temperature for 30
minutes. Prepared eight different solutions were dried in a
laboratory oven and doped powders were obtained. Flow chart
summarized the experimental details is given in Figure 1 and
applied sample compositions and their experimental codes used
in this study are given in Table 1.

Figure 1: Schematics of the preparation process.
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Table 1: Sample compositions and their experimental codes
Sample compositions
AK/HA %1 wt. Fe2O3

Codes
1F-AK-HA

AK/HA %3 wt. Fe2O3

3F-AK-HA

AK/HA %5 wt. Fe2O3

5F-AK-HA

AK/HA %7 wt. Fe2O3
AK/HA %1 wt. ZnO
AK/HA %3 wt. ZnO
AK/HA %5 wt. ZnO
AK/HA %7 wt. ZnO

1Z-AK-HA
3Z-AK-HA
5Z-AK-HA
7Z-AK-HA

shaped particles. It was observed that the morphology of
composite powders slightly changed with the addition of Fe2O3
or ZnO from 1 wt. % to 7 wt. % and had similar particle sizes.
Figures 3 and 4 present similar microstructures, figures exhibit
a glassier structure, which is probably caused by the akermanite
content formerly detected in the XRD pattern in Fig. 2.

7F-AK-HA

C. Characterization
X-ray diffraction (XRD) pattern data were determined at
room temperature using powder samples with CuKĮ radiation
Ȝ QP E\%UXNHUTM Discovery D8 Advantage XRD.
Microstructural analysis of the Fe2O3 and ZnO doped AK/HA
composite powders were observed by using Carl ZeissTM
Gemini 300 scanning electron microscope (SEM, operated at
20 kV) coupled with an energy-dispersive X-ray spectrometer
(EDS) after they were sputter-coated with gold-palladium.
Particle size measurements of the powders were conducted
using MalvernTM Mastersizer 3000 particle size analyzer.

(a)

III. RESULTS AND DISCUSSION
Akermanite powders were synthesized in our previous study
[14] by spray drying and subsequent heat treatment at 1300 oC
dual methods used. In this study, the composite powders were
successfully prepared by mixing in an aqueous solution of
Fe2O3, ZnO, the synthesized AK powders, and synthetic HA
powders.
Figure 2(a)–(b) presents the XRD diffraction patterns of the
AK/HA composite powders prepared by adding Fe2O3 and ZnO
between 1 and 7 wt %. As can be seen in Fig. 2(a), AK [14] and
HA [15] phases were detected in the XRD of the Fe2O3 doped
AK/HA composite powders. As can be seen in Figure 2(a),
hydroxyapatite (JCPDS# 64-0738) with a hexagonal structure
is the dominant phase and a small amount of akermanite
(JCPDS# 35-0592) with a tetragonal structure could also be
detected in the XRD of the Fe2O3 doped AK/HA composite
powders. The increasing amount of the Fe2O3 dopant resulted
in a decrease in the intensity of related hydroxyapatite and
akermanite peaks. Moreover, no impurity phases and Fe2O3 are
detected in the resultant composite powders.
Figure 2(b) shows an XRD pattern of the ZnO doped AK/HA
composite powders prepared by mixing in an aqueous solution.
Again, hydroxyapatite and akermanite phases exist in the
composite powders. ZnO peaks are not seen in the resultant
composite powders. Furthermore, no significant peak
broadening and peak intensity were observed with an increasing
amount of the ZnO dopant (Figure 2(b)).
The SEM micrographs of all the Fe2O3 doped AK/HA
composite powders and the ZnO doped AK/HA composite
powders are shown in Figures 3 and 4, respectively. As can be
seen from Figures, preparation by mixing in an aqueous
solution of the composite powders led to comprise of lamellar
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(b)
Figure 2: XRD patterns of the composite powders: a) Fe2O3 doped
AK/HA and b) ZnO doped AK/HA.

Table 1: Sample compositions and their experimental codes used in
this study.
Sample
Codes
1F-AK-HA
3F-AK-HA
5F-AK-HA
7F-AK-HA
1Z-AK-HA
3Z-AK-HA
5Z-AK-HA
7Z-AK-HA

Particle Sizes
(PS; ȝP
10,1
12,2
11,8
11,5
11,5
12,9
10,8
10,7

Specific Surface Areas
(SSA, m2/g)
7,97
6,41
6,89
7,06
6,97
6,33
7,47
7,51

The particle sizes and specific surface areas of Fe2O3 and
ZnO doped AK/HA composite powders are given in Table 2.

237

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

The particle sizes for Fe2O3 doped AK/HA composite powders
were between the range of 10.1 – 12.2 ȝm. It was observed that
with Fe2O3 doping and the increase of dopant concentrations,
particle size was not significantly changed. The specific surface

(a)

(a)

(b)

(b)

(c)

(c)

(d)
Figure 4: SEM micrographs of the ZnO doped AK/HA powders: a)
1Z-AK-HA b) 3Z-AK-HA c) 5Z-AK-HA d) 7Z-AK-HA.

(d)
Figure 3: SEM micrographs of the Fe2O3 doped AK/HA powders: a)
1F-AK-HA, b) 3F-AK-HA c) 5F-AK-HA d) 7F-AK-HA.

area values were in the range of 6.41 - 7.97 m2/g. While the
particle sizes for ZnO doped AK/HA composite powders were
between the range of 10.7 – 12.9 ȝm, the specific surface area
values were in the range of 6.33 - 7.51 m2/g. Similarly, it was
interpreted that the particle sizes were not dramatically changed
with ZnO doping and the increase of dopant concentrations. It
has been determined that the type of dopant and the
concentration of the dopant do not affect the physical properties
such as particle size and specific surface area.

E-ISBN: 978-625-44427-4-2

Figure 5 revealed that particle size distributions of Fe2O3 and
ZnO doped AK/HA composite powders have similar peak
intensities. While the peak of AK/HA composite powders
slightly shifted towards the higher particle size value by
increasing the amount of Fe2O3 dopant, it shifted towards lower
for the increasing amount of ZnO dopant.
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(b)
Figure 5: The particle size distributions of Fe2O3 and ZnO doped
AK/HA powders: a) 1Z-AK-HA b) 3Z-AK-HA c) 5Z-AK-HA d) 7ZAK-HA.

IV. CONCLUSIONS
Fe2O3 and ZnO doped AK/HA composite powders were
successfully prepared by mixing in an aqueous solution of oxide
precursor powders. AK/HA composite powders prepared by
adding Fe2O3 and ZnO between 1 and 7 wt. % were indicated
by XRD, SEM, and particle size distribution characterizations.
According to the XRD analysis, hydroxyapatite and akermanite
were successfully obtained in the predominant crystal phase in
the composite powders. Fe2O3 and ZnO dopants slightly
showed an influence on the structure morphology.
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Abstract - Micro Electro-Mechanical System (MEMS) based
devices offer innovative approaches in sensor technologies with the
advantages of high efficiency and miniaturization. The most
important stage in the development of new generation MEMSbased devices is the design and optimization stage. However,
device design and optimization processes are developed in a
laboratory by empirical approaches. This causes time loss and
creates an unnecessary waste of resources. In this study, it is aimed
to design and analyze two gas sensors based on ZnO and TiO2
sensing layers. Electro-thermal analysis of the sensor structure
was carried out at room temperature and high temperature
(294,15K-573,15K) and heat transfer parameters were compared.
According to the simulation results, it is obtained that, as the
applied temperature increases to the sensor, the temperature over
the sensing layer increases linearly. It is compatible with the
literature. The temperature on the ZnO surface increases to three
times the TiO2 surface temperature. The heat transfer results
obtained will be used as a guide for device design and optimization
in future works. In this way, as a result of numerical analysis, a
MEMS-based device will be produced with high accuracy. Thus,
time and resources will be saved.

Keywords - Gas sensor; sensing layer; finite element method
(FEM); heat transfer

reached, gas sensor technologies continue to progress with
similar acceleration [1–5].
Micro/nano technology is a multi-disciplinary technology
because of using material science, structure-control design and
finite-element method (FEM). Material technology allows the
use of new generation materials and semiconductor
technologies in miniature device development. Moreover,
structural/control design and analysis methods offer high
accuracy and analysis advantages with high accuracy.
It was observed for the first time in 1953 that the
conductivities of semiconductor materials are changed by gas
absorption [6]. Subsequently, the first semiconductor gas sensor
patented in 1962 [7]. Afterwards, gas-sensing devices are
researched and examined worldwide. Researches on gas
detection mechanisms is focused on designing gas detection
elements that can detect gases harmful to human health and
nature with high performance detection materials as a
consequence various gas detection technologies have been
developed for use in gas detection processes [8–13].
Table 1: Gas detection methods used in gas detection
processes

I. INTRODUCTION
apidly increasing environmental pollution and consequently
increasing health problems have become one of the most
important problems of today. In addition, different gases are
frequently used in the manufacturing industry. This situation
directly affects to human health. The integration of smart
devices developed for the benefit of humanity into our daily life
is becoming more and more popular with decades due to their
usefulness. Gains in MEMS technology also has been affected
sensor technologies. Sensors produced in line with micro
technologies have advantages in terms of cost, miniaturization,
and sensitivity as smart sensors. In this view, the development
of gas detection devices is important for widespread uses, such
as monitoring gas accumulation, medical diagnostics, food
quality assurance and the safety of industrial processes or
domestic systems. Today, in parallel with the technological
progress in nano-electronic structuring and the point it has
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Gas sensors related to
detecting material
Metal oxide semiconductors
Carbon nanotubes
Polymers

Gas sensors related to
detecting mechanism
Resistance Change
Optical methods
Acoustic methods
Gas chromatography
Calorimetric methods

Gas detection processes can be examined in two classes,
according to the sensing material and the sensing mechanism,
as shown in Table 1. In gas sensors; Metal oxide
semiconductors, carbon nanotubes and polymers are used as the
material in the gas detection layer. On the other hand, resistance
changing, optical methods, acoustic methods (eg; SAW sensor),
calorimetric method and gas chromatography can be used as the
detection mechanism. Metal oxide-based gas sensors attract
researchers' attention thanks to their high detection capability,
repeatability and simple manufacturing techniques. MOX-based
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gas sensors are used to sense NH3, H2, HCl, NO2, H2S, CO,
CO2, SO2, O3, Ar, N2, VOCs, LPG gases [14].
NH3, H2, HCl, NO2, H2S, CO, CO2 gases threat human health
depending on their conditions of use and release rates of these
gases. Table 2 presents that the areas of use or release of these
gases and their danger. For example; NH3 gas appears in the
chemical, food and health industry and causes a toxic effect.
NO, HCl, CO2 gases cause respiratory disorders. The release of
high levels of H2S and CO, H2 gases can result in death.

model are designed. One of the gas sensors consists of TiO 2 as
a sensing layer and another is consist of ZnO. Threedimensional design and simulation are done by using
SolidWorks and COMSOL Multiphysics software. The electrothermal analysis is done to observe the surface temperature and
electrical dispersion along the sensing layer. The effect of TiO2
and ZnO semiconductors heat transfer is evaluated over the
sensing layer at room temperature and different high
temperatures.

Table 2. According to the encountered area, and their dangers
various hazardous gases

II. STRUCTURE DESIGN

Hazardous
Gases
NH3 [15]

NO [16–19]

NO2 [20]

H2 [21–25]

H2S [26–29]

HCl [30]

CO [31]
CO2 [32]

The
encountered
Area
Chemical and food
industry,
medical
diagnosis
Combustion of fossil
fuels, power plants
and vehicle engines
Automobile exhaust
fumes, nitric acid
production, coal and
fuel combustion
Renewable energy
sources,
transport
systems
and
biomedical devices
Oil/natural
gas,
geothermal energy
and
bacterial
decomposition
Semiconductor and
chemical industry
Fire events
Cellular respiration
and burning of fossil
fuels

Dangers
Toxic
effect,
vomiting, headache
Respiratory
diseases, asthma
Acid
rain,
environmental
pollution
Explosive,
flammable

Occupational
diseases, death in
high concentration
Toxic effect, skin
burns,
respiratory
disorders
Toxic effect , death
Respiratory
disorders, explosion,
Global
warming,
explosion

The working principle of MOX gas sensors are usually based
on the resistivity change of the semiconductor, depending on
the gas absorption. When gas analytes come into contact with
the sensing layer, the adhesion of oxygen atoms occur on the
surface and semiconductor sensing material reacted to the gas
analytes. In this way, sensing layer resistivity is decreased
according to the analyte concentration. However, the worst
feature of MOx-based gas sensors is that they have a high
operating temperature. This situation requires high power
consumption and an external heat source. Therefore, many
studies are carried out to obtain high operating performance at
low temperatures. In this study, two MOx-based gas sensors
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Gas sensors are smart devices used to sense many other gases
with concentrations ranging from ppm and ppb in the presence
of other low concentrations gases [33]. Although it is
considered to be an apparently simple operating principle, the
gas detection mechanism is quite complicated. MEMS-based
gas sensors consist of two main layers as shown in Fig.1. Gas
sensing performance and especially sensitivity are controlled
these two layers. A chemical or biochemical interface is
required to obtain sufficient sensitivity and selectivity for the
analyte. This interface is called the sensing layer, this is the top
layer. Gas detection mechanism is related to the change of one
or more physical properties of the sensing material such as
mass, elastic hardness, viscosity, electrical conductivity, and
electrical permeability. The conductivity of the sensing material
is expected to change according to the gas concentration. It is
also desired that this change in conductivity be reversible. The
performance of a gas sensor depends on the sensor
configuration as well as the interaction of the sensing material
with the gas. It is important to understand the interaction
between the sensor material and the analyte molecules of basic
sensor parameters such as sensitivity and selectivity. If this
interaction is weak; sensitivity and selectivity are weakened
when the sensor shows good recycling or recycling is weakened
while showing good sensitivity and selectivity [34]. Another
layer is the transducer layer. This layer converts the sensing
analyte signals from the chemical interaction occurring in the
sensing layer into an electrical signal.

Fig. 1 MEMS-based gas sensors layer structure
Sensor specifications, for instance sensitivity, selectivity,
response and recovery times, are affected by the properties of
the sensing material. In this study, TiO2 and ZnO are preferred
as a sensing material. ZnO has high chemical and thermal
stability, piezoelectric properties. These provide excellent
detection response. It has a low cost. It offers easy production
and non-toxic. Thanks to these advantages, they are preferred
in gas sensor applications [1]. TiO2 is also stable, low cost and
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non-toxic semiconductor material. It has unique electrical,
optical and catalytic gas sensing material because of its wide
bandgap. In smart device applications, the band structure
provides superior electronic and optical properties [35]. The
designed gas sensors structure is presented in Fig.2.

LiNbO3 wafer is used as a substrate. On the substrate, gold
electrodes are evaporated in a vacuum for electrical
conductivity. Above the gold electrodes, the sensing layer is
sputtered. Mechanical properties are given in Table 3. The hot
plate to be used as a high heat source will be placed where the
gas sensor socket in the gas detection chamber.

(1)

The electrical resistivity of most materials changes with
temperature. To calculate electrical resistivity, a linear
approximation is typically used. For electrical resistivity, (ρ) in
certain temperature is determined by Eq.2;

U (T )

Fig. 2. Gas sensor structure

v

E

U 0 (1  D (T  T0 ))

(2)

In Eq.2; ρ(T) is electrical resistivity in a certain temperature,
ρ0 is electrical resistivity at 20 ⁰C, α is temperature coefficient
at 20 ⁰C, T0 is 20 ⁰C and T is a certain temperature.
Acording to the electric field (E); electrical conductivity of

the sensing material,( V ), current density (J) and joule heating
power (Qj) are calculated by Eq.3., and Eq.4.;

J

VE

(3)

Qj

J

(4)

Table 3. Mechanical properties of sensor structure
Size
Material

LiNbO3
[36]

Length
x
Wide
(mm)

Thickness
(mm)

6x3

05

Thermal
Conductivity
(W/(m K))

Density
(kg/m3)

56

4640

Young’
s
Modul
us
(GPa)

Moreover, the heat transfer is calculated with Eq.5. The heat
transfer depends on the heat flux, thermal conductivity,
absolute depends on the thermal conductivity, temperature
difference, and length of the body. In this equation, q, ∆t, and k
represent the heat flux, the temperature difference, and the
thermal conductivity respectively [40] .

170

q

Gold
[37]

6x1

1x10-4

317

19300

70

TiO2
[38]

5x3

5x10-5

89

4230

230

ZnO
[39]

5x3

5 x10-5

60

5676

210

III. ELECTRICAL CONDUCTIVITY AND HEAT
TRANSFER ANALYSIS
The heat transfer analysis and joules heating simulation are
important for observing the homogeneous heat dispersion on
the surface. Homogeneous heat dispersion is one of the
determining factors of sensor sensitivity. Seeing that metal
oxide gas sensors work according to the resistance change
principle, it is expected to be homogeneous and constant at the
electrical voltage on the sensing surface. For electrical
conductivity simulation, the electrical field dispersion (E) is
determined using Eq.1.;

E-ISBN: 978-625-44427-4-2

k .'t
L

(5)

IV. RESULTS AND DISCUSSION
A. Electrical Dispersion
The sensing layer electrical dispersion of the gas sensor from
room temperature to 573,15K is analyzed. A 9V initial voltage
is applied to the gas sensor. In accordance with the resistivity
of the sensor material, the average voltage above the sensing
layer surface is observed and it is presented in Fig.3. At the ZnO
surface, electrical dispersion has three different distinct regions.
In region I, the average electrical potential is observed
steadily from room temperature to 423,15K. ZnO exhibits a
negative temperature coefficient of resistance (NTCR) behavior
in this region. At second region from 423,15K to 523,15K ZnO
indicates a positive temperature coefficient of resistance
(PTCR) behavior.
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B. Temperature Dispersion

Fig.3. Average voltage above the sensing layer (TiO2, ZnO)
Resistivity level is the lowest in this region. In region III from
523,15K to 573,15K resistivity increases again and ZnO shows
a negative temperature coefficient in this region. There are
several studies about the temperature-dependent resistivity of
ZnO according to NTCR and PTCR behavior.

In this simulation; absolute pressure is 1 atm. First of all, the
room temperature condition is done and heat dispersion is
observed. Then, high temperature conditions (323,15K,
373,15K, 423,15K, 473.15K, 523,15K, 573,15K) are created by
hot plate respectively. An initial temperature (T0=room
temperature) is 294,15K and the external temperatures (Text=hot
plate temperature) were applied by increasing the temperature
step by step from 323,15K to 573,15K. Fig.4, and Fig.5 shows
the temperature profiles of TiO2 and ZnO sensing layers with a
base substrate.
A uniform sensing layer temperature is a requirement for
sensitive operation of the sensor. Figure 4 and 5 shows uniform
temperature dispersion on the sensing surface at different
operating temperatures. Furthermore, Fig.6. shows the
comparison of surface temperature at constant electrical voltage
9V. While the temperature on the TiO2 surface at 473,15K was
489.56 K and 569.86 K on the ZnO surface, the temperature on
the TiO2 surface at 573,15K was 603.41 and 715.51 K on the
ZnO surface.

c. 373,15 K

a. 294,15 K

b. 473,15 K

d.

573,15 K

Fig.4. Temperature dispersion in TiO2 layer, for the temperature 294,15K (a), 373,15K (b), 473,15K (c), 573,15 K
(d)
The simulation results obtained are compatible with the
literature [41], [42]. On the other hand, the TiO2 surface
electrical dispersion is observed steadily. TiO2 shows a negative
temperature coefficient from room temperature to 573,15K.
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The comparison in Fig.6. depicts that sensing surface
temperature increase on both surfaces; increased proportionally
from the room temperature to 423.15 K.
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a. 294,15K

b. 373,15K

c. 473,15 K

d.

573,15K

Fig.5. Temperature dispersion in ZnO layer, for the temperature 294,15K (a), 373,15K (b), 473,15K (c), 573,15K
(d)
According to the simulation results, the optimum operating
temperature was determined of ZnO and TiO2 thin films.
Sensing surface temperature rises above at the 473.15K,
523.15K, 573.15K operating temperature.
Consequently, heating inevitably occurs on the surfaces. In
this case, the optimum working temperature for both thin-film
structures with a thickness of 0.5 μm was determined as 423.15
K.
V. CONCLUSION

Fig.6. Sensing layer temperature at different hot plate
temperatures
When 423.15 K exceeds; the temperature increase on ZnO
surface gained acceleration compared to TiO2 surface. While
the temperature on the TiO2 surface at 473,15K was 489.56 K
and 569.86 K on the ZnO surface, the temperature on the TiO2
surface at 573,15K was 603.41 and 715.51 K on the ZnO
surface.

E-ISBN: 978-625-44427-4-2

In this study, heat transfer analysis of the MOx-based gas
sensor is discussed. Two sensing layer structures that used TiO2
and ZnO as a material are designed and simulated. To achieve
uniform heat dispersion above TiO2 and ZnO sensing layer at
room temperature and high temperature are analyzed by using
FEM with COMSOL Multiphysics. The temperature profiles of
sensing layers are analyzed and uniform heat dispersion was
achieved in both thin films. As stated in simulation results, an
optimum working temperature was determined for ZnO and
TiO2 thin films.
Our future works will be focused on the designed metaloxide/polymer-based gas sensor at room temperature and high
temperature and compared simulation results between them.
Additionally, we aim to design and fabricate a gas sensor using
metal oxide and metal oxide/polymer sensing layer.
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Abstract – In this work, practical and low-cost surface
plasma treatment strategies are investigated. First, a consumer
grade microwave is modified to obtain plasma in vacuum.
Second, a high voltage generator is made into a hand-held
device to form a portable and functional plasma generation
source. The second approach is evaluated in terms of surface
modification capability by treating different surfaces. Then,
the surface treatment capacity is tested using contact angle
measurements. It is found that, surface chemistry of various
polymeric and ceramic surfaces can be changed based-on the
changing contact angles which indicates a superhydrophobic to
hydrophilic transition after plasma treatment.
Keywords – Surface treatment, surface modification, PDMS
bonding, contact angle, plasma generation

S

I. INTRODUCTION

URFACE treatment using plasma generation is
important process for various applications in surface
bonding, painting and chemical functionalization [1]–[3].
Especially
in
the
field
of
microfluidics,
polydimethylsiloxane (PDMS) is a commonly used material
to fabricate microfluidic channels [4]–[6]. Bonding the
PDMS layers to each other or to a glass slide is required to
obtained a closed fluidic channel [7]–[10]. Plasma treatment
of surfaces are usually carried out in plasma cleaners which
consist of a closed chamber and a microwave generation
mechanism [11], [12]. There are also hand-held high
frequency plasma generation tools that can ignite and
sustain a plasma in a small area in open air [12]. However,
both of these approaches are costly and thus not accessible
to small laboratories. Therefore, a simple and low cost
solution is demanded for plasma generation and surface
treatment in low-budget laboratories.
In general, a plasma is comprised of atoms, ions,
electrons, ultraviolet light and higher energy atoms and
molecules [13]. In a plasma, a very high amount of energy
can exist. During the treatment of a surface with a plasma,
all of these factors can interact with the surface. Plasma can
be defined as the fourth state of matter which is formed by
adding high energy to a gas.
In the event of a high voltage discharge in an air gap, free
electrons, which are plentiful in the air, speeds up and by
multiple collisions ionize the air. IF the electric discharge is
powerful enough, collisions of rapidly moving electrons
with atoms and molecules of the ambient gas yield a
situation that momentum is conserved, and electron
gathering occurs. When a plastic object is exposed in the
discharge range, the electrons generated in the discharge
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bombard and affect the surface with energies 2 to 3 times
higher than the required energy to break surface bonds of
most materials. This creates highly reactive free chemical
species. These chemical species in the presence of oxygen
can react rapidly to form various chemical functional groups
on the substrate surface. Functional groups occurring
because of this oxidation reaction are very efficient at
increasing surface energy and enhancing chemical bonding
of surfaces. These chemical species include carbonyl (C=O-). carboxyl (HOOC-), hydroperoxide (HOO-) and
hydroxyl (HO-) groups [2], [3], [14].
In this work, we explore the low-cost and easy to use
solutions for plasma generation. In this regard, we have
designed and produced two plasma generation tools for
surface treatment. In the first approach, we have modified a
microwave oven to incorporate vacuum inside the
microwave, and ignite plasma. In the second approach, we
designed and fabricated a hand-held plasma generation tool
to achieve surface treatment. We have used contact angle
measurements on various materials after periodic plasma
treatments using the hand-held plasma generation tool.
II. EXPERIMENTAL METHODS
In the first approach, a commercial microwave oven is
modified to provide vacuum in a chamber inside. For this, a
Teflon tube is inserted from the side airflow grid, and it is
connected a home-made vacuum chamber inside the
microwave. Any commercial microwave can be used in this
experiment. For the vacuum generation, a standard vacuum
pump is used which can provide a vacuum down to 13 Pa.
For the vacuum chamber, an acrylic plate is used as the base
to be connected to the vacuum line, and a glass beaker is
placed on top of the plate. To provide a vacuum seal, a soft
polymer layer made of polydimethylsiloxane (PDMS) is
used between the glass beaker and the acrylic layer. PDMS
is a soft polymer that provides a good seal under vacuum.
For the second approach, an arc generator coil with
1000kV capacity is used to induce a plasma in open air. This
coil is placed inside a 3D printed holder to make it safer and
easier to hold. A fused deposition modelling (FDM) type 3D
printer (i3 Mega, Anycubic, Shenzhen, China) is used for
3D printing the plastic parts of the system. The following
printing parameters are set in the slicing software; print
speed: 50 mm per second, infill: 100% with zig zag pattern,
cooling: 100%, retraction: enabled, layer height: 0.1 mm,
and wall line count: 3. Standard 1.75 mm diameter
polylactic acid (PLA) filament is used with 210 °C at the
print-head and 60 °C at the print bed. An adjustable DC
power supply is used to provide 7 V, 0.5 Amps to the arc
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generating coil. This hand-held plasma generator is then
evaluated by treating surfaces of different materials. Glass,
PDMS, PVC, acrylic and polystyrene are used for the
surface treatment experiments. The surfaces are treated with
0.5 seconds intervals. Surface changes are measured using
contact angle measurements. For this, 5 microliter water
droplets are dispensed on the untreated and treated surfaces,
and a side-view picture is taken using an iPhone 7
smartphone. Then, ImageJ is used to measure the contact
angles of the water droplets.

Nevertheless, after pumping the vacuum chamber down for
about 10 minutes, we obtained plasma that could be
sustained as long as the microwave was turned on as shown
in Figure 1. Overall, we have found this approach
cumbersome for quick and practical surface treatment
requirements. Therefore, we looked for a more practical
solution using a hand-held approach.

III. RESULTS AND DISCUSSIONS
In the microwave generated plasma experiments, we
encountered several problems. The main problem was the
compatibility of the materials that we could place inside the
microwave oven. That is, any material such as adaptors,
base plate, vacuum chamber and tubing were required to be
unaffected by the microwave. Otherwise, the materials were
heated up and damaged inside the microwave. For example,
Teflon was compatible with microwave and was unaffected
for any duration of microwave exposure. However, some of
the plastics including O-rings for sealing functions were
damaged and sometimes burnt inside the microwave. After
finding the suitable materials and building the vacuum
chamber inside the microwave, we tested the system with
the microwave.

Figure 2: a) Design schematics, b) ignition coil, c)
assembled device schematic, d) side view of the actual
device and e) top view of the actual device.

Figure 1: A modified microwave is used to generate vacuum
plasma. a) A plasma is generated after applying vacuum and
microwaves. b) A custom-made vacuum chamber is used to
generate the required vacuum to ignite the plasma.
We found out that the level of the base vacuum was
critical for igniting the plasma. This is understandable from
the basics of a plasma. If there are excessive amount of air
inside the vacuum chamber, the mean free path of the ion
and electrons will be much smaller, and the plasma will not
be sustained due to the insufficient amount of continuous
ionization of the atoms and molecules inside the chamber.
The vacuum pump applied in this experiment is rated for a
minimum 13 Pa vacuum level. However, it took about 5 to
10 minutes to reach to this level of vacuum. In addition,
considering the non-ideal conditions and potential small
leaks, the vacuum was not optimum inside the chamber.
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For the portable plasma generation approach, a high
frequency and high voltage ignition coil (1000 kV) is placed
inside the 3D printed case as shown in Figure 2. This device
can be run via a lithium ion battery to become a truly
portable device. However, we simulated the battery with a
variable DC power generator because of the unavailability
of a suitable lithium ion battery with specific voltage
requirements for the coil. The holder shown in Figure 2 was
designed to have various holes at the tip for adjusting the
spacing between the high voltage discharge output leads.
For the ideal case, we set the distance to 10 mm which are
taped together to provide further rigidity. In Figure 3, the
plasma generator was turned off and on. A plasma is ignited
and sustained at the tip of the output leads.
After successfully generating a viable tool for generating
plasma, we decided to apply it on various surfaces to
investigate time dependent effect of plasma treatment. We
chose readily available materials in our lab for the surface
treatment experiments which are glass slides, poly acrylic,
polyvinyl chloride (PVC), polydimethylsiloxane (PDMS),
and polystyrene. These materials are frequently used in
industrial applications. For example, PDMS is a rapid
prototyping material for fabricating microfluidic channels
using soft lithography and replica molding methods. PDMS
and glass are finally bond together to obtain a sealed
microfluidic channel. Plasma treatment in this process is
critical to activate both PDMS and glass slide surfaces.
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Figure 3: The hand-held device is a) turned off and b)
turned on. A glare is visible in b) due to the refreshment rate
of the applied voltage
In the surface treatment experiments, we exposed the
surfaces to the generated plasma with 0.5 second intervals.
For surface evaluation method, we used 5 microliter droplets
and measured the contact angles of the droplets. An example
measurement of the contact angle is shown in Figure 4.
Before the surface plasma treatment, the 5 microliter droplet
does not wet the surface. After the plasma exposure to the
glass surface, droplet wets the surface, and spread by the
reduction of the surface energy. Overall, the surface
treatment made the surface more hydrophilic. This
transformation is due to the change in the surface radicals by
the high energy plasma.
After testing the capabilities of the hand-held plasma
generation device, we tried to expose and modify surfaces of
5 different materials. Namely, glass, acrylic, PDMS,
polystyrene, and PVC were chosen due their common use in
various applications. Before applying the plasma, all the
surfaces were initially evaluated by the contact angle
measurements. As seen in Figure 5, untreated surfaces
demonstrated a hydrophobic nature by not wetting the 5
microliter droplet on the surface. Then, these surfaces were
treated with the plasma for 0.5 seconds. The contact angle
measurements after the first 0.5 second plasma treatment
yielded much more wetting hydrophilic surfaces. The
following 0.5 second plasma treatment made the surfaces
even more hydrophilic. This treatment was applied 3 times
on the surfaces, and the contact angles were measured after
each treatment.

Figure 4: Demonstration of contact angle measurement a)
before and b) after plasma treatment on a glass surface.
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Figure 5: Contact angle data for the a) glass, b) acrylic, c)
PDMS, d) polystyrene, and e) PVC. Initially the surfaces
were hydrophobic, and after 0.5 and 1 second of plasma
treatment, they became hydrophilic.
Characterization of the contacts angles measurements for
the 45 different materials is given in Figure 6. Here, each
measurement on a certain material was repeated at least 3
times. The average value of these 3 measurements were
used in the graph in Figure 6. The error bars were calculated
from the standard deviation of the repeated measurements.
As it is observed from the Figure 6, after the first 0.5 second
SODVPD WUHDWPHQW FRQWDFW DQJOHV GURSSHG VÕJQÕIÕFDQWO\
which was corresponding to a more hydrophilic surface. The
second and third plasma treatments changed the contact
angle less prominently. Eventually, after the overall plasma
treatment, surfaces became completely hydrophilic. The
highest initial contact angle was measured for the PDMS,
and the lowest contact angle after the complete plasma
treatment was recorded for the polystyrene surface.

Figure 6: Characterization of the contact angles
measurments of the different surfaces.Standard deviation of
at least 3 measruements for each data point was used as the
error bars.
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IV. CONCLUSIONS
In conclusion, we investigated the potential solutions for
a low-cost plasma generation tool. The microwave approach
was more difficult to apply in terms of practicality due to the
incompatibility of various materials in microwave. Then, we
devised a hand-held instrument to generate plasma. This
form of plasma generation was applied to treat surfaces of
glass slides, poly acrylic, polyvinyl chloride (PVC),
polydimethylsiloxane (PDMS), and polystyrene. The contact
angle measurements revealed the effective modification of
the surfaces using the simple plasma generation tool. This
hand-held plasma source cost less than 10 USD in
fabrication which is orders of magnitude lower in cost
compared to the commercial hand-held plasma generation
tools. Therefore, this approach can be adopted by the lowresource setting laboratories that are in need of a practical
way of applying plasma to surfaces. The current device can
generate plasma in a 1 centimeter square area at once. It is
also possible to further develop the method for treating
larger areas in shorter times. Overall, this is a low-cost and
practical solution for surface plasma applications.
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experimental measurements in the literature for validation.

Abstract - This original research paper presents the results of
an extensive investigation of numerical study and modelling of
steady, incompressible, two-dimensional, separating and
reattaching turbulent flow over backward-facing steps at three
different Reynolds numbers. Employing the finite-volume
method with a hybrid scheme, a computer program based on the
SIMPLE (Semi-Implicit Method for Pressure Linked Equations)
algorithm has been developed. Numerical solution of
conservation equations of mass and momentum, together with
the standard k-HH turbulence model, are obtained using an
iterative numerical solution technique. Near the solid boundaries,
wall-functions are employed. Numerical predictions for local
streamwise velocity, turbulence kinetic energy, turbulence kinetic
energy dissipation rate, effective viscosity profiles, locus of flow
reversal, bottom wall static-pressure coefficient, wall-shear stress
and friction coefficient distributions along top and bottom walls
of the backward-facing step flow configurations are presented
and compared with experimental measurements. The results of
numerical study are generally in good agreement with
experimental data.
Keywords - Turbulent flow, k-H turbulence model, Predictions.

T

I. INTRODUCTION

HE separating and reattaching turbulent recirculating flow
in a two-dimensional backward-facing step flow
configuration shown in Figure 1, is of great practical
importance. It is an excellent case for analysing the basic
physical phenomena of separation and reattachment because it
is the simplest such flow. As revealed in Figure 1, three
fundamental flow regimes are present: a reattaching shearlayer, a recirculating region, and a stagnation flow region.
These regimes rigorously test the validity of turbulence
models, which are, for the most part, tuned to specific
homogeneous shear flows. Turbulent flow in backward-facing
steps, sudden expansions and pipes has been studied both
experimentally and theoretically by numerous investigators,
among the most interesting ones are the works of [1-44]. In
the present numerical study, the experimental measurements
of [1,3,11] have been employed for comparison with the
numerical predictions. The main objective of this original
investigation is to obtain numerical predictions for steady,
incompressible, two-dimensional turbulent recirculating flow
over backward-facing steps using the standard k-H turbulence
model [45] with a wall-functions boundary condition, and to
compare the results of numerical computations with available
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II. MATHEMATICAL AND PHYSICAL MODEL
A. Governing Equations and Turbulence Model
With reference to Figure 1, the mathematical and physical
model employed in the numerical study of steady,
incompressible, and two-dimensional separating and
reattaching turbulent flow over backward-facing steps,
requires the simultaneous solution of the governing equations,
together with the turbulence model equations. The transport
equations representing the conservation of mass, momentum,
turbulence kinetic energy and its dissipation rate in steady
state cartesian coordinate system are cast into the following
general form:
w
wx

U uI 

w
wy

UvI 

wI · w §
wI ·
¨ *I ¸  ¨ *I ¸ S I (1)
wx ©
wx ¹ wy ©
wy ¹
w §

This equation represents a transport equation for a general
variable ࢥ The variables u and v are the local time-averaged
velocity components in the horizontal (x) and normal (y)
directions, respectively, U LV WKH IOXLG GHQVLW\ DQG īࢥ is the
transport coefficient. The final term, Sࢥ , is the source term.
The variables, ࢥnecessary in this numerical study are u, v, k
and H. Here, k and H stand for the kinetic energy of turbulence
and its dissipation rate, respectively. The turbulence model
employed in the present study is the k-H model of [45]. If ࢥis
VHWHTXDOWRXQLW\DQGīࢥ and Sࢥ to zero, equation (1) reduces
to the equation of continuity. Pressure is derived from the
pressure correction equation [46,47]. The transport equations,
coefficients and the source terms are summarised in Table 1.

Figure 1: Cartesian coordinate system and geometry of backwardfacing step flow channel.
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B. Boundary Conditions
With reference to Figure 1, the boundary conditions for twodimensional separating and reattaching turbulent flow over a
backward-facing step studied are given below. Three different
boundary conditions were used: inlet plane, outlet plane, step,
bottom and top solid walls. At the step inlet plane either
streamwise velocity distribution or a uniform velocity
distribution from the experimental measurements is specified,
while the velocity in the normal direction is set equal to zero.
Empirical relationships are employed to assign uniform
entrance values to turbulence quantities k and H; that is,
k=(0.002-0.005)

2
ub

and H = C P k

3/ 2

/ 0.03H , where ub is the

bulk velocity at inlet and H is the channel height. The outlet
plane was located sufficiently far away from the recirculation
region so that fully-developed conditions could be assumed to
prevail at the outlet; that is, all the streamwise gradients of the
dependent variables vanish at the outlet plane and the normal
velocity is assumed zero. At the step, bottom and top solid
walls, velocity components u, v and turbulence quantities k
and H are set to zero. The values of k and H at the near-wall
grid points are evaluated using the wall-functions of [45].
Initial field values throughout the computational domain were
specified properly so as not to cause numerical divergence.
C. Numerical Solution Procedure
In this numerical study, employing the finite-volume
approach, a computer program based on the SIMPLE
algorithm of [46] has been developed. The partial
differential equations (1) are discretised by a controlvolume-based finite-difference method with a hybrid
scheme. The finite-volume forms of the partial differential
equations coupled with the boundary conditions are solved
iteratively using a line-by-line solution procedure in
conjunction with a tridiagonal matrix form [48].
D. Computational Details
The numerical computations were carried out on a Pentium
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4 CPU 1.60 GHz personal computer. The computational grid
distributions for all of the backward-facing step flows studied
are depicted in Figures 2, 13 and 24. All the computational
grids employed were non-uniformly distributed with dense
grid-line concentrations in the recirculation region and near
the walls of the backward-facing step flow channel. Staggered
control volumes were used for streamwise and normal velocity
components. All other quantities of interest were calculated at
the grid points. The line-by-line method was used to obtain
converged solutions iteratively. Underrelaxation factors were
employed to procure numerical stability with values of
0.3,0.3,0.8,0.8,0.5 and 0.3 IRUXYNİ3DQGe, respectively.
The convergence criterion adopted in the present computations
was that the summation of the absolute values of the mass
residual in the entire computational domain be less than a
prescribed value of 10-5. Grid tests were performed with
different grid sizes to obtain an optimum grid-independent
solution for each flow case studied. All the computations
presented in this numerical study are grid-independent. Table
2 summarises details of computational requirements for all
flow cases investigated. In this table, Re is the Reynolds
number and N is the number of iterations performed to obtain
a converged solution.
Table 2: Flow case, Reynolds number, grid size and number of
iterations.
Flow case of
Re
Grid Size
N
(x)u(y)
172 518
567
Stevenson et. al. [3]
40 u 30
Adams and Eaton [1]

36 000

40 u 30

274

Ötügen [11]

16 600

40 u 30

423

III. PRESENTATION AND DISCUSSION OF RESULTS
Numerical predictions have been conducted for twodimensional separating and reattaching turbulent flow over
backward-facing steps at three different Reynolds numbers,
and the results of numerical predictions were compared with
the experimental measurements of [1], [3], and [11]. With air
used as the working fluid in the backward-facing step flow
channel, the experimental measurements of [3] are first
selected as the comparison basis for this numerical study. The
backward-facing step flow configuration has an expansion
ratio of H / H’ = 2. The Reynolds number of the flow at the
inlet is Re = 172 518 (Re = uin h / ȞZKHUHXin is the average
free stream velocity at the step inlet and h is the step height).
For this flow situation, the computational domain is extended
to a streamwise distance of x=20h downstream from the inlet
plane of the backward-facing step flow channel. The
numerical grid distribution for the backward-facing step flow
geometry of [3] is displayed in Figure 2. The predicted local
streamwise velocity profiles along the backward-facing step
flow channel in dimensionless form u/uin, and normal distance
y/h, at streamwise locations ranging from x/h=0.5 to 20 across
the channel have been compared with the experimental
measurements of [3] in Figure 3. The local streamwise
velocity is made dimensionless with respect to reference
average free stream velocity uin at the step inlet. Examination
of Figure 3 indicates that the predicted non-dimensional
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streamwise velocity profiles exhibit reasonable agreement
with the corresponding experimental ones. In addition, this
figure also shows how the predicted local streamwise velocity
profiles develop along the backward-facing step flow channel.
Figures 4, 5 and 6 reveal the predicted profiles of turbulence
kinetic energy, turbulence kinetic energy dissipation rate and
effective viscosity, respectively, along the backward-facing
step flow channel of [3] at the same downstream locations as
in Figure 3. Here, the predicted profiles are normalised,
respectively, with respect to square of average free stream

and then decreases sharply to its zero value at about x/h=5.75,
afterwhich it takes ppositive values and increases continuously.

2

velocity u in at the step inlet, maximum values of turbulence
kinetic energy dissipation rate max and effective viscosity e
max in the flow field. These figures show how the predicted
turbulence kinetic energy, dissipation rate of turbulence
kinetic energy and effective viscosity profiles develop along
the channel. The predicted locus of flow reversal (u=0) for the
backward-facing step flow channel is presented in Figure 7.
The normal distance y measured from the bottom wall is
normalised to step height (h) and plotted as a function of
downstream distance normalised to step height (x/h). In this
figure, the streamwise velocity (u) is zero on the circles,
positive above the circles and negative below the circles. As
can be seen from the figure, the predicted flow reattachment
length is found to occur at about xr/h=5.75 downstream from
the inlet plane, whereas the experimental flow reattachment
length is estimated to occur at about xr/h=7. The source of this
problem is a limitation of the standard k-İ WXUEXOHQFH PRGHO
The model does not account for the time lapse between extra
turbulent energy being supplied and the effect being felt in the
dissipating motions. The predicted wall-shear stress
distribution along the backward-facing step flow channel
bottom-wall in terms of Ĳwb/Ĳwdb, as a function of downstream
distance x/h, is depicted in Figure 8. Here, the wall-shear
stress has been made dimensionless with respect to its value at
the outlet plane Ĳwdb). As can be seen from the figure, starting
from the inlet plane of the channel until at about x/h=5.75 the
wall-shear stress is negative. This is due to the negative
streamwise velocities (-u) in the separated-reattaching flow
region.

Figure 2: Numerical grid distribution for backward-facing step flow
geometry of [3].
Figure 3: Comparison of predicted dimensionless streamwise velocity
profiles along backward-facing step flow channel with experimental
measurements of [3].

The bottom wall-shear stress, as it takes negative values,
increases rapidly until it attains its maximum negative value,
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Figure 4: Predicted profiles of normalised turbulence kinetic energy
along backward-facing step flow channel of [3].
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Figure 5: Predicted profiles of normalised turbulence kinetic energy
dissipation rate along backward-facing step flow channel of [3].
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Figure 7: Predicted locus of flow reversal (u=0) for backward-facing
step flow of [3].

Figure 8: Predicted distribution of dimensionless wall-shear stress
along bottom-wall of backward-facing step flow channel of [3].

The predicted distribution of friction coefficient (Cfb = 2 Ĳwb /
2

ȡ u in ) along the channel bottom-wall, as a function of
downstream distance x/h, is plotted in Figure 9. As seen from
the figure, the friction coefficient exhibits the same trend as
the wall-shear stress shown in Figure 8. The predicted
variation of wall static-pressure coefficient [Cp = (P - Pref) /
2

0. ȡ u in ] along the channel bottom-wall, as a function of
downstream distance x/h, is given in Figure 10. As seen from
the figure, the bottom-wall static-pressure coefficient takes
negative values just from the inlet plane of the channel until its
zero value at about x/h=2.25, afterwhich it takes positive
values and increases continuously up to downstream location
x/h=19.5. In Figure 11, the predicted distribution of wall-shear
stress along the channel top-ZDOOLQGLPHQVLRQOHVVIRUPRIĲwt /
Ĳwdt, as a function of downstream distance x/h, is displayed.
Here, the wall-shear stress has been normalised with respect to
LWV YDOXH DW WKH RXWOHW SODQH Ĳwdt). As can be seen from the
figure, starting from the inlet plane of the channel until at
x/h=19.5 the wall-shear stress decreases continuously. Finally,
the computed variation of friction coefficient (Cft   Ĳwt / ȡ
2

u in ) along the channel top-wall, as a function of downstream
Figure 6: Predicted profiles of normalised effective viscosity along
backward-facing step flow channel of [3].
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distance x/h, is presented in Figure 12. As seen from the
figure, the friction coefficient reveals the same trend as the
wall-shear stress shown in Figure 11.
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Figure 9: Predicted distribution of friction coefficient along bottomwall of backward-facing step flow channel of [3].

Figure 10: Predicted variation of wall static-pressure coefficient (Cp )
along bottom-wall of backward-facing step flow channel of [3].

Figure 12: Computed variation of friction coefficient along top-wall
of backward-facing step flow channel of [3].

For this flow case, the calculation domain is extended to a
streamwise distance of x=20h downstream from the inlet plane
of the backward-facing step flow channel. The computational
grid distribution for the backward-facing step flow of [1] is
depicted in Figure 13. The predicted local streamwise velocity
profiles for the step flow in terms of u/uref, and transverse
distance y/h, at streamwise positions ranging from x/h=0.16 to
18 across the channel are presented in Figure 14 and compared
with experimental data of [1]. Here, the local streamwise
velocity is normalised with respect to upstream reference
velocity uref, measured at 12.7 cm upstream of the step in the
freestream. As seen from the figure, the predicted streamwise
velocity profiles are in pretty good agreement with the
corresponding experimental ones. In addition, this figure also
reveals how the predicted streamwise velocity profiles develop
along the backward-facing step flow channel. Figures 15, 16
and 17 display the predicted profiles of turbulence kinetic
energy, turbulence kinetic energy dissipation rate and effective
viscosity, respectively, along the step flow channel of [1] at the
same sections as in Figure 14. Here, the predicted profiles are
normalised, respectively, with respect to square of upstream
2

reference velocity u ref , maximum values of turbulence kinetic
energy dissipation rate max and effective viscosity e max in the
flow field. These figures indicate how the predicted turbulence
kinetic energy, dissipation rate of turbulence kinetic energy
and effective viscosity profiles develop along the channel.

Figure 11: Predicted distribution of dimensionless wall-shear stress
along top-wall of backward-facing step flow channel of [3].

The second flow configuration corresponds to the twodimensional backward-facing step flow experimental study of
[1] with air used as the working fluid. The backward-facing
step flow channel has an expansion ratio of H / H’ = 1.25. The
Reynolds number of the flow is Re = 36 000 (Re = uref h / Ȟ
where uref is the upstream reference velocity measured at 12.7
cm upstream of the step and h is the step height).

E-ISBN: 978-625-44427-4-2

Figure 13: Computational grid distribution for backward-facing step
flow geometry of [1].
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Figure 14: Comparison of predicted dimensionless streamwise
velocity profiles along backward-facing step flow channel with
experimental data of [1].
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Figure 15: Predicted profiles of normalised turbulence kinetic energy
along backward-facing step flow channel of [1].
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Figure 16: Predicted profiles of normalised turbulence kinetic energy
dissipation rate along backward-facing step flow channel of [1].
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Figure 17: Predicted profiles of normalised effective viscosity along
backward-facing step flow channel of [1].
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The predicted locus of flow reversal (u=0) for the backwardfacing step flow is given in Figure 18. In this figure, the
streamwise velocity (u) is zero on the circles, positive above
the circles and negative below the circles. For this flow case,
as seen from the figure, the predicted flow reattachment length
is found to occur at about xr/h=4.446 downstream from the
inlet plane, while the experimental flow reattachment length is
reported to occur at xr/h=6.6. The source of this problem is a
limitation of the standard k-İ WXUEXOHQFH PRGHO 7KH PRGHO
does not account for the time lapse between extra turbulent
energy being supplied and the effect being felt in the
dissipating motions. The computed wall-shear stress
distribution along the backward-facing step flow channel
bottom-wall in dimensionless form of Ĳwb/Ĳwdb, as a function of
downstream distance x/h, is manifested in Figure 19. Here, the
wall-shear stress is nondimensionalised with respect to its
YDOXH DW WKH RXWOHW SODQH Ĳwdb). As seen from the figure,
starting from the inlet plane of the channel until at about
x/h=4.6 the wall-shear stress is negative. This is due to the
negative streamwise velocities (-u) in the recirculation zone.
The bottom wall-shear stress, as it takes negative values,
increases rapidly until it reaches its maximum negative value,
and then decreases sharply to its zero value at about x/h=4.6,
afterwhich it takes positive values and increases continuously.
The computed distribution of friction coefficient (Cfb Ĳwb /

the flow at the inlet is Re = 16 600 (Re = uo H’ / ȞZKHUHXo is
the reference free stream velocity and H’ is the upstream
channel height). For this flow situation, the computational
domain is extended to a streamwise distance of x=25h
downstream from the inlet plane of the backward-facing step
flow channel. The numerical grid distribution for the
backward-facing step flow of [11] is presented in Figure 24.

Figure 18: Predicted locus of flow reversal (u=0) for backwardfacing step flow of [1].

2

ȡ u ref ) along the channel bottom-wall, as a function of
downstream distance x/h, is compared with the experimental
measurements of [1] in Figure 20. As seen from the figure, the
friction coefficient indicates the same trend as the
experimental measurements of [1] and shows reasonable
agreement. The predicted variation of wall static-pressure
2

coefficient [Cp = (P - Pref) / 0. ȡ u ref ] along the channel
bottom-wall, as a function of downstream distance x/h, is
plotted in Figure 21. As seen from the figure, the bottom-wall
static-pressure coefficient takes negative values just from the
inlet plane of the channel until its zero value at about x/h=2,
afterwhich it takes positive values and increases continuously
up to downstream location x/h=19.7. In Figure 22, the
predicted distribution of wall-shear stress along the channel
top-ZDOO LQ WHUPV RI Ĳwt / Ĳwdt, as a function of downstream
distance x/h, is presented. Here, the wall-shear stress has been
normalised with UHVSHFW WR LWV YDOXH DW WKHRXWOHW SODQH Ĳwdt).
As can be seen from the figure, starting from the inlet plane of
the channel until at about x/h=1 the wall-shear stress increases
sharply until it reaches its maximum positive value, and
thereafter decreases up to x/h=12, afterwhich it remains nearly
constant. Finally, the computed variation of friction coefficient

Figure 19: Computed distribution of dimensionless wall-shear stress
along bottom-wall of backward-facing step flow channel of [1].

2

(Cft Ĳwt / ȡu ref ) along the channel top-wall, as a function
of downstream distance x/h, is depicted in Figure 23. As seen
from the figure, the friction coefficient exhibits the same trend
as the wall-shear stress indicated in Figure 22.
With air used as the working fluid in the backward-facing
step flow channel, the experimental study for turbulent flow
conducted by [11] is thirdly selected as the test case for this
computational study. The backward-facing step flow channel
has an expansion ratio of H / H’ = 2. The Reynolds number of

E-ISBN: 978-625-44427-4-2

Figure 20: Comparison of computed distribution of friction
coefficient along bottom-wall of backward-facing step flow channel
with experimental measurements of [1].
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develops along the channel the agreement becomes better.
Figures 29, 30 and 31 exhibit the predicted profiles of
turbulence kinetic energy, dissipation rate of turbulence
kinetic energy and effective viscosity, respectively, along the
step flow channel of [11] at the same downstream locations as
in Figure 25. Here, the predicted profiles are normalised,
respectively, with respect to square of reference free stream
2

velocity u o , maximum values of turbulence kinetic energy

Figure 21: Predicted variation of wall static-pressure coefficient (Cp )
along bottom-wall of backward-facing step flow channel of [1].

Figure 22: Predicted distribution of dimensionless wall-shear stress
along top-wall of backward-facing step flow channel of [1].

dissipation rate max and effective viscosity e max in the flow
field. These figures denote how the predicted profiles develop
along the channel. The predicted locus of flow reversal (u=0)
for the step flow is indicated in Figure 32. In this figure, the
streamwise velocity (u) is zero on the circles, positive above
the circles and negative below the circles. For this flow
situation, the predicted flow reattachment length is found to
occur at xr/h=5 downstream from the inlet plane of the
channel. The predicted wall-shear stress distribution along the
step flow channel bottom-wall in terms of Ĳwb/Ĳwdb, as a
function of downstream distance x/h, is shown in Figure 33.
Here, the wall-shear stress has been made dimensionless with
UHVSHFWWRLWVYDOXHDWWKHRXWOHWSODQH Ĳwdb). As seen from the
figure, starting from the inlet plane of the channel until at
about x/h=5.3 the wall-shear stress is negative. This is due to
the negative streamwise velocities (-u) in the recirculation
zone. The bottom wall-shear stress, as it takes negative values,
increases rapidly until it attains its maximum negative value,
and then decreases sharply to its zero value at about x/h=5.3,
afterwhich it takes positive values and increases continuously.
The predicted distribution of friction coefficient (Cfb = Ĳwb /
2

ȡ u o ) along the channel bottom-wall, as a function of
downstream distance x/h, is plotted in Figure 34. As seen from
the figure, the friction coefficient reveals the same trend as the
wall-shear stress shown in Figure 33. The predicted
distribution of wall static-pressure coefficient [Cp = (P - Pref) /
2

0. ȡ u o ] along the channel bottom-wall, as a function of
downstream distance x/h, is displayed in Figure 35. As seen
from the figure, the bottom-wall static-pressure coefficient
takes negative values just from the inlet plane of the channel
until its zero value at x/h=2, afterwhich it takes positive values
and increases continuously up to x/h=17.5. Beyond this
position, it remains constant.

Figure 23: Computed variation of friction coefficient along top-wall
of backward-facing step flow channel of [1].

The predicted local streamwise velocity profiles along the
backward-facing step flow channel in dimensionless form
u/um, and normal distance y/h, at streamwise locations ranging
from x/h=0.3 to 25 across the channel have been compared
with the experimental measurements of [11] in Figures 25, 26,
27 and 28. Here, the local streamwise velocity is made
dimensionless with respect to maximum velocity um in profile
at each cross-section. As seen from the figures, the predicted
non-dimensional streamwise velocity profiles are in
reasonable accord with the corresponding experimental ones
taken in the separated shear layer only, and as the flow

E-ISBN: 978-625-44427-4-2

Figure 24: Numerical grid distribution for backward-facing step flow
geometry of [11].
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Figure 26: Comparison of predicted dimensionless streamwise
velocity profile at x/h=0.6 with experimental measurements of [11].

Figure 27: Comparison of predicted dimensionless streamwise
velocity profile at x/h=2.4 with experimental measurements of [11].

Figure 25: Comparison of predicted dimensionless streamwise
velocity profiles along backward-facing step flow channel with
experimental measurements of [11].
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Figure 28: Comparison of predicted dimensionless streamwise
velocity profile at x/h=4 with experimental measurements of [11].
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Figure 29: Predicted profiles of normalised turbulence kinetic energy
along backward-facing step flow channel of [11].
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Figure 30: Predicted profiles of normalised turbulence kinetic energy
dissipation rate along backward-facing step flow channel of [11].
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Figure 32: Predicted locus of flow reversal (u=0) for backwardfacing step flow of [11].

Figure 33: Predicted distribution of dimensionless wall-shear stress
along bottom-wall of backward-facing step flow channel of [11].

Figure 34: Predicted distribution of friction coefficient along bottomwall of backward-facing step flow channel of [11].

Figure 31: Predicted profiles of normalised effective viscosity along
backward-facing step flow channel of [11].

In Figure 36, the predicted distribution of wall-shear stress
along the channel top-ZDOOLQGLPHQVLRQOHVVIRUPRIĲwt / Ĳwdt,
as a function of downstream distance x/h, is manifested. Here,
the wall-shear stress has been normalised with respect to its
YDOXHDWWKHRXWOHWSODQH Ĳwdt). As can be seen from the figure,
starting from the inlet plane of the channel until at about
x/h=0.6 the wall-shear stress increases sharply until it reaches
its maximum positive value, and thereafter decreases up to
x/h=24.5. Finally, the computed variation of friction
2

coefficient (Cft = Ĳwt / ȡu o ) along the channel top-wall, as a
function of downstream distance x/h, is presented in Figure

E-ISBN: 978-625-44427-4-2
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37. As seen from the figure, the friction coefficient reveals the
same trend as the wall-shear stress shown in Figure 36.

computer program based on the SIMPLE algorithm of
Patankar [46] has been developed. The performance of the
standard k-H turbulence model has been investigated for three
different backward-facing step flows. Numerical predictions
for local streamwise velocity, turbulence kinetic energy,
turbulence kinetic energy dissipation rate, effective viscosity
profiles, locus of flow reversal, wall-shear stress, friction
coefficient and wall static-pressure coefficient distributions
along the backward-facing step flow channels top and bottom
walls are presented and, wherever availlable, compared with
experimental measurements reported in the literature. The
results of numerical study and modelling are generally in good
agreement with experimental measurements.
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Numerical investigation of the effect of change
of overlap tip geometry on strength in tubular
adhesive joints with stress and failure analysis
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Abstract - The use of adhesive joints is increasing due to the
significant advantages it provides. One of the important
advantages of adhesive joints is that it does not require any
drilling in the parts to be joined and can easily combine different
materials. It is possible to increase the strength of the bonding
connections, especially with the design changes to be made in the
bonding area. In this study, using ANSYS finite element
software, pipe bonding joints models with different overlap end
shapes were created. Then, stress and damage analyzes were
made to investigate the effect of different overlap end shapes on
the bond strength. The maximum stress theory defined in the
ANSYS program was used to find the finite element failure loads
of the modeled bonding bonds. As a result of the analyzes,
significant strength increases were calculated according to the
reference model. The strength increase in Mod-3(inside taper)
and Mod-4 (inside recessing) was found to be 36% and 41 %,
respectively, relative to the reference model.
Keywords - Tubular adhesive joints; overlap tip geometry;
stress analysis; failure analysis

I

I. INTRODUCTION

N addition to traditional fastening methods, the use of
structural adhesives is increasing. Combining with adhesive
has important advantages over other connection methods such
as combining materials with different properties,
homogeneous stress distribution in the bonding area and
making the systems lighter.
Besides all these advantages, since there are many factors
affecting the strength of adhesive joints, it is difficult to say
anything about the bond strength in adhesive joints compared
to conventional connection methods. Hence, adhesive joints
are of interest to many researchers. Adhesive joints can be
created in different design geometries. When the literature is
examined, one of the joint types is tubular adhesive joints. The
effects of many design parameters on the strength have been
shown in the studies on tubular adhesive joints. Some of the
basic design parameters investigated are overlap length,
bonded material thickness, adhesive thickness and overlap tip
geometry.
Pugno and Carpinteri investigated the stress distribution in
the adhesive layer in pipe bonding joints under axial load. As
a result of their stress analysis, the researchers determined that
the maximum shear stress occurred at the edges of the bonding
areas [1].

E-ISBN: 978-625-44427-4-2

1HPHú HW DO studied the effects of various parameters by
constructing an analytical model in order to predict the stress
distribution in cylindrical bonding joints exposed to tensile
load [2].
Zou and Taheri developed an analytical model to examine
the effects of factors such as material, pipe wall thickness, and
adhesive type on cylindrical bonding joints with torsional
loads [3].
Esmaeel and Taheri investigated the delamination effect in
the cylindrical bonding joints they created using composite
and aluminum materials using finite element method. As a
result, they stated that in-layer separations affect the stress
distribution in the adhesive layer [4].
Lyon developed a two-dimensional, symmetrical, finite
element model that can be used in cylindrical bonding joints
and other bonding joints in the linear elastic zone. As a result
of the analysis, it has been shown that bonding zone length,
thickness of bonded material, bonding zone edge geometries
affect the bond strength [5].
Kumar and Khan studied the stress distribution in the
adhesive layer in cylindrical bonding joints under tensile load
by creating an analytical model. Then they made finite
element analyzes in order to verify the analytical model they
created. As a result of the study, they stated that analytical and
finite element analysis are compatible [6].
Aimmanee et al. created an analytical model valid in the
linear-elastic region in cylindrical bonding joints applied
torsion moment. It is stated that the prepared model can be
used for ideal connection conditions [7].
Noda et al. investigated analytically and numerically the
damage behavior under tensile load in tubular bonding joints.
In the study, it was stated that the region of the individual
stress density is effective in the bond strengths [8].
Albiez et al. have experimentally investigated the effects of
connection parameters such as pipe diameter, overlap zone
length, pipe wall thickness, adhesive type, adhesive thickness,
centering and angular non-linearity due to manufacturing to
the strength under tensile load in cylindrical bonding joints.
As a result of the study, the joint strength increased with the
increase in the length of the overlap zone, but the increase was
not linear, the increase in the adhesive thickness decreased the
joint strength, the alignment error and angular non-linearities
in the joined parts had less effect on the strength, the effect of
the adhesive type and pipe wall thickness on the bond strength
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was observed [9].
Lavalette et al. examined analytically and experimentally
the effects of change in overlap zone length, inner pipe
diameter change, pipe wall thickness, adhesive thickness, and
overlap zone pipe end geometry on bond strength in
aluminum-composite cylindrical bonding joints with tensile
load. As a result of the parametric study, it was stated that the
increase in the overlap length and the inner pipe diameter
significantly affects the connection strength. The effect of
overlap length increase on strength is not observed after a
certain length. Changes in pipe wall thickness and pipe end
geometry affected the stress distribution in the adhesive layer
[10].
When the numerical analysis of tubular adhesive joints in
the literature is examined, finite element models are usually
created using the ANSYS program in two-dimensional axial
symmetry. In this study, the effects of the overlap end
geometry change on the stress distribution and failure in the
adhesive region in tubular adhesive joints subjected to static
tensile load were investigated by three dimensional finite
element analysis. The three-dimensional models were created
as a quarter model due to the symmetrical structure of the
joint. The failure analysis was made according to the
maximum stress theory included in the ANSYS program.

Modulus of
elasticity
(MPa)
Poisson ratio
Yield strength
(MPa)
Ultimate tensile
strength
(MPa)

St37

DP460

200000

1984

0,3

0,38

235

38,4

375

44,6

Due to the cylindrical nature of the joint geometry, the model is
symmetrical in the yz and xz planes. The models created considering
this situation are designed as quarter model (1/4) (Figure 2). As a
result of creating the models quarterly, it is aimed to reduce the
number of element and to make the solution in a shorter time.

II. MATERIAL AND METHOD
Tubular adhesive joint models were created using ANSYS
finite element software. The general dimensions and joint
geometry of the models are shown in Figure 1. In all models
created, the total length of the joint is 70 mm, the outer pipe
diameter is 20 mm, the pipe wall thickness is 1 mm, and the
adhesive thickness is 0.2 mm. The pipe material is steel and
the adhesive is DP460 epoxy adhesive. Mechanical properties
of steel and adhesive are shown in Table 1. Finite element
analyzes were carried out as linear-elastic. In all analyzes
performed, the elasticity module and poisson ratios of the steel
material and adhesive given in Table 1 were defined in the
ANSYS program. In order to estimate the finite element
failure loads of the joints, the maximum stress failure criterion
defined in the ANSYS program was used. According to this
criterion, it is assumed that failure occurs when one of the
stresses in the axes exceeds the allowable stresses. The limit
values defined in the maximum stress failure criteria for pipes
and adhesive materials have been selected for the yield
strengths given in Table 1.

Figure 2: Full and quarter model

Meshing process is an important factor affecting the
accuracy of the analysis. As a result of the convergence
process, the element size was taken as 1 in all models. In the
finite element models, solid 186 elements with 3 degrees of
freedom and 20 nodes are used as shown in Figure 3.

Figure 3: Solid 186 element [14]

The boundary conditions of the problem are defined in the
program as shown in Figure 4. The pipe end with a large
diameter is fixed in all directions. In all joints models, a tensile
force of 3000 N is applied to the tip of the pipe with a small
diameter. The symmetry boundary conditions for the yz and xz
planes of the models are defined.

Figure 1: Tubular joint model overall dimensions
Table 1: Mechanical properties of DP460 and St37 [12,13].
Proporties
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III. RESULTS AND DISCUSSION
In this study, the effects of the change of overlap end
geometry on the stress distribution in the adhesive layer (A-B
line) under tensile load at tubular adhesive joints were
investigated by linear-elastic stress and failure analysis. The
results obtained are shown in Figure 7-8. In the graphs, the
points in the overlap region are normalized by dividing by the
overlap length (X / L). For comparison, the force applied in all
models is taken as 3000 N constantly. In the graphics shown
in Figure 7-8, the normDO VWUHVV ıy  DQG VKHDU VWUHVV Ĳyz)
distributions that are effective in the formation of failure in the
adhesive layer are shown.

Figure 4: Boundary conditions of the joint models

In the study, the effects of the change of overlap tip
geometry on the stress distribution in the critical area of the
adhesive layer were examined. The stress distributions in the
adhesive layer were obtained along the A-B line shown in
Figure 5. The dimensions of the models created are shown in
Figure 6.

Figure 7: The effect of overODSWLSJHRPHWU\RQıy stress distribution

Figure 5: A-B line in adhesive layer

Figure 8: The effect of overODS WLS JHRPHWU\ RQ WKH Ĳyz stress
distribution

Figure 6: Models according to the overlap end geometry

E-ISBN: 978-625-44427-4-2

Figure 7 shows the effect of overlap end geometry change
RQWKHıy normal stress distribution along the A-B line. In the
WXEXODU  MRLQW PRGHOV ıy the normal stress values increase at
the overODS HQG UHJLRQV :KHQ WKH ıy normal stress
distributions are examined along the A-B line, the stress

274

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

values with positive character at point A rapidly pass to the
negative region and become zero at the C point (midpoint). It
increases in the positive direction from point C to point B and
takes maximum values DW SRLQW % $V VHHQ LQ )LJXUH  ıy
normal stress values formed in the second region (II) are
distributed more evenly compared to the first (I) and third (III)
regions.
When the effects of the changes in overlap end geometry on
WKH ıy normal stress distribution along the A-B line is
examined, it is seen that the effects occurring in the first and
third regions, especially at the A and B points, are different.
At point A, the minimum stress occurred in the reference
model. At point B, the minimum stress occurred in the Mod-3
design (inside taper). Point B is the point closer to the end
where the tensile load is applied. At the same time, it is the
part where the tension is transferred from the inner pipe to the
outer pipe.
Figure 8 shows the effect of overlap tip geometry change on
WKH Ĳyz shear stress distribution along the A-B line. When the
HIIHFWRIWKHRYHUODSJHRPHWU\FKDQJHVRQWKHĲyz shear stress
distribution along the A-B line is examined, Ref. Mod., Mod-1
and Mod-2 designs and Mod-3, Mod-4 designs differ from
each other by showing a significant difference especially in
the overlap end zone (I and III. zone). In Ref. Mod., Mod-1
and Mode- GHVLJQV WKH PD[LPXP Ĳyz shear stress values
occur at the A and B points. In Ref. the Mod., Mode-1 and
Mode-GHVLJQVĲyz shear stress distributions are quite close to
each other along the A-B line. In Mod-3 and Mode-4 designs,
Ĳyz shear stress values occurring at A and B points are at
minimum values DQG Ĳyz shear stress distributions formed
along the A-% OLQH FRLQFLGH 7KH PD[LPXP Ĳyz shear stress
values in Mod-3 and Mod-4 designs were formed
approximately 1 mm inside the A and B points.
Finite element failure loads of the joints are shown in Table
2. Failure loads were calculated using the maximum stress
failure index coefficients obtained according to the failure
criterion determined in the ANSYS program. Failure loads
were determined by dividing the amount of load applied to the
joint by the failure index coefficient. According to the results,
the finite element failure load increased in all models
compared to the reference model. Significant failure load
growth rates were calculated as 36% and 41% in Mod-3 and
Mode-4, respectively, compared to the reference model. As a
result, with the decrease in the stress concentration at the
overlap ends, failure loads increase.

IV. CONCLUSION
In this numerical study, the effects of the change of overlap
tip geometry on the stress distribution and failure in tubular
adhesive joints under tensile load have been examined by
three dimensional finite element analysis. General results
obtained are given below.
Failure loads increased with the decrease in the stress
concentration at the overlap ends in the created models.
Significant failure load growth rate was calculated as 36% and
41% in Mod-3 and Mode-4, respectively, compared to the
reference model.
Overlap tip geometry change affected the stress distribution
in the adhesive layer. The stress distribution characteristics
seen in the Ref. Mod., Mode-1 and Mode-2 designs are
similar. Likewise, the stress distribution characteristics of the
Mod-3 and Mode-4 designs are similar.
The normal stress values RIıy are higher at the end of the
overlap which is close to the force applied part, compared to
the other overlap end in all models.
:KHQWKHĲyz shear stress distribution in the overlap region
is examined, In the Ref. Mod., Mod-1 and Mod-2 designs,
maximum stresses occurred at the overlap ends. In Mod-3 and
Mod-4 designs, the maximum stresses were formed at the
inner parts of the overlap ends 1 mm.
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Abstract - Asymmetric sandwich structure is a new construction
method in which face sheet is no longer made from same materials.
Thanks to this configuration, it gives more choice to designer to
obtain desired properties in sandwich structures by changing or

Poli Vinil Clorur (PVC) foams, honeycomb cores, wood cores
(balsa and cedar). As a result, sandwich structures have high
strength-to-weight and stiffness-to-weight ratios and therefor
they are used as light weight load bearing components where

mixing the face sheet materials. This study presents the free

needed [4]. Sandwich construction offers better stiffness,

vibration

structures

energy absorption, and shock resistance than that of

comparatively. Sandwich structures were constructed and solved

conventional metallic materials. As a result, Sandwich

by using commercially available software ANSYS. Free vibration

structures are widely used in aerospace, automotive, defense

behavior of asymmetric sandwich structure was evaluated by

industry due to their versatile properties.

comparing it with symmetric sandwich structures. Finite element

Kumar et al. [5] studied transient response, harmonic response

analysis

of

asymmetric

sandwich

method was used to analysis the free vibration analysis of
sandwich structure. The first six modes of sandwich structures
were obtained. It was obtained from analysis that as the face sheet
changes the natural frequencies also change. The analysis showed
that asymmetry has effect on natural frequencies of sandwich

and static response of the sandwich beam subject to a
concentrated point load at the mid span of the beam. The effect
of the core thickness on vibration is evaluated. Finite element
method is used by using ANSYS to analyze the overall transient
responses, harmonic responses and the static responses of the

structure.

sandwich structure. A simple software has been developed for
Keywords - Sandwich Structures, Low Density Sandwich
Structures, Asymmetric Sandwich Structures, Vibration Analysis

calculation of data and the results are compared with ANSYS

I. INTRODUCTION

simulated the natural frequencies and mode shapes of the

results to validate. Purushothaman and Guruprasad [6]

density sandwich structures are nonhomogeneous sub

sandwich beam structure under different core configuration

group of composite materials [1]. Sandwich structures are

with different core materials buy using ANSYS. From results,

manufactured from two thin face sheets and one thick low-

it was obtained that truss core is better which has higher

density core material which is adhered between face sheets [2].

stiffness and circular core responds effectively. ùakar et al. [7]

Generally, face sheets materials carry tensile and compressive

studied vibration behavior of aluminum honeycomb sandwich

loads. There are a numerous of face sheets that includes carbon

structures experimentally and numerically with ANSYS. The

fiber, glass fiber and any thin sheet metals. The objective of

natural frequencies and mode shapes of sandwich structures

usage of the low-density core materials in sandwich structure is

fabricated with different configurations for clamped-free and

to increase the sandwich structure’s thickness and as a result to

free-free boundary conditions were determined. The effects of

increase stiffness of sandwich structure [3]. This gives a

lower and upper face sheet thickness, the core material

dramatic increase in stiffness for very little addition of weight.

thickness and foil thickness on the vibration characteristics

There are various core materials such as polyurethane foams,

were examined. Marythraza et al. [8] studied the normal mode

OW
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and transient analysis of honeycomb sandwich structures made
up of aluminum honeycomb core and aluminum face sheet by
using

Msc

Nastran/Patran

for

spacecraft

application.

Simulation results were compared with analytical results. From
analysis it is obtained that transient respond of the panel fills
the requirement. $/-Araji et al. [9] studied free and forced
vibration of perforated sandwich plate. the natural frequency
and mode shape of the sandwich panels have been obtained by
using finite element analysis with ANSYS. The effect of
number of holes and perforation ratio on vibration was
investigated. Ersin et al. [10] investigated the free vibration of
sandwich beam made of functionally graded materials method.

Figure 1: Sandwich structure

Natural frequencies were computed for simply-supported
boundary conditions of beam by using Timoshenko and Euler-

II. 0$7(5,$/6 AND METHOD

Bernoulli theorems. The effect of slenderness ratio and power
index are discussed. The obtained results are compared with the

Sandwich structures are modeled by using ANSYS workbench

ANSYS result.

commercially available software. Three different sandwich

All of the studies have considered symmetric sandwich

structures namely, two of them symmetric and one of them

structure when analyzing. However, asymmetric sandwich

asymmetric are created by using ANSYS ACP tool (Table 1.).

structures have been used and investigated for nearly 20 years.

Symmetric sandwich structures have carbon fiber and glass

Asymmetric sandwich is a new type of sandwich structure

fiber on both face sheets respectively. Asymmetric sandwich

configuration with more properties in that face materials,

structure has carbon fiber on one face and glass fiber on the

geometrical size and material properties different from each

other face. In all the sandwich structure same PVC foam is used.

other [11]. This configuration can offer more properties to

Sandwich structure that has carbon fiber on both faces, glass

designers than that of symmetric configuration. Therefor

fiber on both faces and carbon fiber on one face and glass fiber

asymmetric sandwich structures have been used widely

on the other face is denoted as C-C, G-G and C-G respectively

especially in defense industry [12],[13],[14]. so, it is of the

7DEOH   /D\-up of sandwich structures is given in table 2.

importance to study free vibration behavior of asymmetric

Dimensions of sandwich structure and thickness of carbon

sandwich structure.

fiber, glass fiber and PVC foam are given in figure 2, table 3

In this study, free vibration analysis of asymmetric sandwich
structures

will

be

evaluated

comparatively

by

using

commercially available software ANSYS. A simple sandwich
structure is shown in figure 1.

E-ISBN: 978-625-44427-4-2

and table 4 respectively.
Table 1: Configuration of Sandwich structures.
C-C

G-G

C-G

Carbon Fiber

Glass Fiber

Carbon Fiber

PVC Foam

PVC Foam

PVC Foam

Carbon Fiber

Glass Fiber

Glass Fiber
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7DEOH/D\-up of sandwich structures.
90
0
90
0
Foam
0
90
0
90

Table 7: Density and Isotropic Elasticity of glass fiber
Bulk
Shear
Young's
Poisson's
Density kg
Modulus
Modulus
Modulus
Ratio
m^-3
Pa
Pa
Pa
4,3452
7,3
2,9918
0,22
2600,
x10^10
x10^10
x10^10
7DEOH2UWKRWURSLF6WUHVV/LPLWV
Young's
Modulus
X
direction
Pa

Young's
Modulus
Y
direction
Pa

Young's
Modulus
Z
direction
Pa

1800,

2,3x10^11

2,3x10^10

2,3x10^10

0,2

Poisson'
s Ratio
YZ

Poisson's
Ratio XZ

Shear
Modulus
XY Pa

Shear
Modulus
XZ Pa

0,4

0,2

9 x10^9

Shear
Modulus
YZ Pa
8,2143x10
^9

Density
kg m^-3

Fig 2: Dimensions of sandwich structure.
Table 4: Thickness of the materials.

Poisson's
Ratio XY

9 x10^9

Thickness of carbon fiber

0,0002 m

Thickness of glass fiber

0,0002 m

III. 5(68/76 AND DISSCUSSION

Thickness of PVC foam

0,001 m

Model analysis of sandwich structure is performed in ANSYS
by using finite element method. Analysis is performed when

Materials from ANSYS library is used in construction of
sandwich structures. Properties of PVC foam is given in table
5,6 similarly, properties of carbon fiber and glass fiber is given
in table 7,8 respectively.
Table 5: Density and Isotropic Elasticity of PVC foam.
Density
kg m^-3

Young's
Modulus
Pa

Poisson's
Ratio

60

7x10^7

0,3

Table 6: 2UWKRWURSLF6WUHVV/LPLWV.
Tensile Tensile
Tensile Z
X
Y
direction
directio direction
Pa
n Pa
Pa
1,5x10^
9,5x10^6
6
Compre
Shear
Shear YZ
ssive Z
directio XY Pa
Pa
n Pa
-9,5
9,3x10^5 9,3x10^5
x10^6

E-ISBN: 978-625-44427-4-2

Bulk
Modulus
Pa
5,8333
x10^7

one end of sandwich structure is fixed while the other end is
free. First six frequencies of each sandwich structures are
obtained from results as shown in table 9. Mode shapes of
asymmetric sandwich structure is shown in figure 3, 4, 5, 6,7
and 8. When symmetric structures are considered, namely,
when carbon fiber is used as face sheet material on both faces,

Shear
Modulus Pa

natural frequencies are the highest, when glass fiber is used as

2,6923
x10^7

lowest. When asymmetric structure is considered, that is to say,

face sheet material on both faces natural frequencies are the
when glass fiber and carbon fiber are used together as face sheet
materials natural frequencies are different than symmetric

Compressive
X direction
Pa

Compressive
Y direction
Pa

-1,5 x10^6

-1,5 x10^6

sandwich structures. From results one can obtain that
asymmetry has effects on natural frequencies of sandwich
structures.

Shear XZ Pa
9,3x10^5
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Table 9: Frequencies of sandwich structures.

Mode

Frequency
Frequency
[Hz]
[Hz]
C-C
G-G

Frequency
[Hz]
C-G

1.

78,14

54,779

64,08

2.

224,43

239,32

224,71

3.

311,46

243,16

269,67

4.

438,9

312,3

376,18

5.

641,75

520,36

566,13

6.

660,34

700,24

658,38

Fig 5: Third mode of asymmetric sandwich structure.

Fig 6: Fourth mode of asymmetric sandwich structure.
Fig 3: First mode of asymmetric sandwich structure.

Fig 7: Fifth mode of asymmetric sandwich structure.
Fig 4: Second mode of asymmetric sandwich structure.
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Abstract - This study aimed to model and find the most suitable
solutions for cutting parameters during wire electrical discharge
machining (WEDM) so that pure titanium plate (Grade-2) has a
smooth cutting process. In this study, the effects of cutting
parameters such as peak current (IP), pulse off time (Toff), pulse
on time (Ton), spark gap voltage (SV), wire feeding (WF), and
wire voltage (WT) on surface roughness (SR) are investigated
using Wolfram Mathematica. Different multiple nonlinear
regression models were used to define the cut parameters of the
WEDM. The coefficient of determinations (ࡾ ) and the adjusted
coefficient of determinations (ࡾࢇࢊ࢛࢙࢚ࢋࢊ ) of each model was
calculated to see how well models identify the cutting parameters.
Besides, the stability of the models was determined to measure
the ability of the WEDM to realize the cutting parameters. The
stability results showed that the selected model was suitable for
the phenomena. After the stability calculations are done optimum
values of surface roughness are determined by Simulated
Annealing. By using multiple nonlinear regression analysis and
optimization process, the optimum value of surface roughness
(SR) was obtained as 2.06μm. This study also shows the
importance of mathematical modeling of engineering problems
for real-life applications.
Keywords - Stochastic Optimization, Multiple Nonlinear
Regression Analysis, Wire EDM, Stability, Surface Roughness

T

I. INTRODUCTION

ITANIUM has numerous usage areas in critical applications,
mostly in industry, due to its fracture resistance, resistance
to corrosion in salty and acidic environments, and its high
strength value per weight at high temperatures. These are the
aerospace industry, petroleum refinery, airframe construction,
nuclear reactors, marine applications, and surgical implants.
Additionally, it is used in compressor blades, offshore
pressure vessels, and rocket casings [1, 2]. Machining of
titanium and its alloys is very difficult due to its tendency to
weld with cutting tools during machining and its superior
strength at high temperatures. Titanium has low thermal
conductivity, which causes an increase in temperature between
the tool and the workpiece during machining. This situation
causes shortening of tool life and earlier breakdown [3]. Due
to the properties of titanium, it is very difficult to machine
with traditional machining techniques such as turning, milling,
etc. Recently, nonconventional machining operations such as

E-ISBN: 978-625-44427-4-2

laser beam machining (LBM) and electric discharge
machining (EDM) have been used for the machining of pure
titanium and its alloys, however, some limitations should be
taken into consideration. The most important of these are
surface finish, dimensional inaccuracies as well as undesirable
conditions such as heat-affected zone, thermal stresses, and
recast layer. One problem with EDM processing is that
residual material in the processing cavity cannot be easily
washed and an unstable processing state occurs [4]. Re-casting
layer means that some materials melt and re-solidification
happens on the base materials, resulting in a different surface
coating than the base material [1].
Wire-EDM is a recently introduced electro-thermal metal
removal process that is widely preferred in nuclear and
aerospace industries to produce complex shapes with tight
tolerances and fine surface quality [5]. WEDM is an erosion
process in which a continuously moving wire acts as a cutting
tool. Material removal in WEDM is mainly related to the
effect of erosion due to spark discharges between the wire and
the workpiece material being immersed in a dielectric media.
In WEDM, no direct contact occurs between the workpiece
and wire, and; as a consequence, the undesirable effects that
normally present in conventional machining such as
mechanical stresses, chatter, and vibration are diminished [6].
The Wire-EDM process has various cutting parameters such
as, Pulse current, Pulse-on time, pulse-off time, applied
voltage wire-feed rate, wire tension, spark gap voltage,
injection pressure which has an influence on its performance
[7]. Since these parameters affect properties such as surface
roughness, material removal rate, dimensional deviation, and
wire wear ratio, it is important to choose the optimum
combination of WEDM parameters to ensure that the
machined parts can pass the quality control and ensure high
surface integrity at high production rate. Scott et al. [8] tried to
optimize cutting parameters of WEDM and found that
whenever pulse duration, discharge current, and wire-speed
increase, the surface of specimens is getting better. On the
other hand, they showed that the surface finish is getting
worse by reducing the dielectric flow rate. Spedding and
Wang [9] were used an ANN model to optimize the effect of
process parameters on Inconel 718 material surfaces machined
with WEDM. Finally, it is optimized the cutting rate and
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surface roughness values. Tosun et al. [10] attempted to find
the relationship between the diameter, depth of erosion craters
on the wire, and cutting parameters. The higher dielectric fluid
flushing pressure leads to reducing the crater size. On the
other hand, increasing the pulse duration, open-circuit voltage,
and wire-speed cause smaller craters to form. In another study,
the effects of cutting characteristics on surface roughness were
examined based on experimentations in the WEDM process.
The study revealed that surface roughness improved with the
reduction of discharge current and pulse duration. Constant
impact energy/discharge ratio means that short and long pulses
occur the similar surface roughness. However, surface
morphology and material removal rates will be different. The
removal rate rises with a shorter pulse direction [11].
The aim of this study is to model and finding optimal
solutions for cut parameters during wire electrical discharge
machining (WEDM) of pure titanium plate (Grade-2). The
effects of six cutting parameters, pulse on time (Ton), pulse off
time (Toff), peak current (IP), spark gap voltage (SV), wire
feeding (WF), and wire voltage (WT) on surface roughness
(SR) were investigated by using Mathematica. As a result, the
Best fitness values of cutting parameters of a titanium plate in
WEDM and the corresponding optimal values are calculated
by using Simulated Annealing optimization.

factors were formed. Then, the same operations were applied
for factors II and I. center point values are located in the last
column of the created design matrix [14]. 54 experiments
taken from an article [1] were based on the Box-Behnken
design method to find the values of independent factors The
independent factors and levels of these factors are given in
Table 1.
B. Experimental Background and Data Collection
A four-axis CNC type WEDM (Electronica Sprintcut 734)
given schematically in Figure 1 was used to implement the
experiments. A set of experiments were carried out by
changing a total of six cutting parameters consisting of pulse
on time, pulse off time, peak current, spark gap voltage, wire
feed, and wire tension. In all experiments, the material was
pure titanium, the diameter of the wire-electrode was 0.25mm,
the material thickness was 26 mm and the dielectric pressure
was 7 kg/cm2. Surface roughness was measured three times
for each sample using Micrometer (Mitutoyo's SURFTEST
(SJ-301) and the average roughness was determined. Square
plates of 26 mm thickness and 148 mm × 148 dimensions
were prepared for the experiment. The measured machining
rate was taken as mm / min.

II. MATERIALS AND METHOD
A. Design of Experiment
Experimental matrices in the study provided by BoxBehnken design. Based on pilot experiments, “one variable at
a time” was used to determine the factors and levels. The
experiments were applied to six different cutting parameters
such as pulse on time, pulse off time, peak current, spark gap
voltage, wire feed, and wire tension with different values , and
the effects of these parameters on surface roughness were
investigated. Pulse on time (Ton), pulse off time (Toff), peak
current, and spark gap voltage setting (SV) are the most
significant parameters [12]. In order to improve the WEDM
processes of pure titanium and to obtain a smooth cut, the
input parameter level was used to optimize the parameters [1].
Table 1: Factors and their levels [1]
S.NO
1
2
3
4
5
6

Input
factors
Ton
Toff
Ip
SV
WF
WT

1
112
44
120
40
4
500

Level
2
116
50
160
50
7
950

Units
3
120
56
200
60
10
1400

μs

Fig. 2 presents a profile showing the work-path throughout
machining. The point of O (5, 0) was decided to be the
reference. The path of the wire is determined as OA-AB-BCCD-DO. All experiments, the unit of time and pulse
interruption time in microseconds (μs). For the wire tension,
measurements were made in grams. During machining, the
wire offset was set at zero. ELAPT software was used to
compose the CNC program [1].

Ampere
Volt
m/min

Box-Behnken design, which consists of constructing
incomplete and balanced block scans, is explained by three
factors. While designing in this method, one factor is kept at a
constant level and combinations are applied at all levels for
other factors [13]. In this study, the third-factor level was
fixed and all combinations for all levels of the other two

E-ISBN: 978-625-44427-4-2

Figure 1: Schematic representation of WEDM [15].

Figure 2: Profile showing Work-Path [1].
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C. Regression Analysis
It is a robust and reliable method that allows you to model
an "output" as a function of "design variables". Regression
analysis is utilized in the prediction of the parameters’
relationship which affects the engineering processes. The most
widely preferred regression forms are Linear, Logistic,
Nonlinear, Rational, and Stepwise in the literature. Whether
the regression models are good or not is determined by R2, and
it is desired to be in the 0-1 range and close to 1. Moreover,
another model-data compatibility measure, R2adjusted, decreases
when unnecessary terms are added to the model.
Since only the determination of ܴଶ is not enough to define
ଶ
is also
the engineering process/phenomenon, ܴௗ௨௦௧ௗ
calculated to measure how close the fitted model results to the
experimental data. As a result, the less the difference between
ଶ
ܴଶ and ܴௗ௨௦௧ௗ
, the better the model can reflect the
ଶ
phenomenon. It is understood from the Eq. (4) and ܴௗ௨௦௧ௗ
ଶ
  smaller or equal toܴ . The difference between them
depends on the number of experiments for the same
independent design variables and if the number of data is
increased, the difference between them will decrease, so it is
important to get accurate results [16]. These parameters can be
formulated as in the following form:
ܴଶ ൌ ͳ െ

ௌௌா
ௌௌ்

(1)



Eq. (1) contains sum of square errors (SSE) and total sum of
squares (SST) which are determined before calculation of ܴଶ
Equation 2 and 3 are represents the formulation of them.
(2)
ܵܵ ܧൌ σୀଵሺ݂ െ ݂ᇱ ሻଶ
ܵܵܶ ൌ σୀଵሺ݂ െ ݂ ҧሻଶ
(3)

Regression Analysis In Mathematica
In this study, the "FindFit ” solver is used to obtain
coefficients of multiple nonlinear regression models in
Mathematica.
‘’ConjugateGradient’’,’’Gradient’’,
LevenbergMarquardt’’, ’’Newton’’, and ‘’QuasiNewton’’ are
the method embedded in the solver during calculation of
coefficients.
D. Neuro Regression Approach
In the neuro regression approach, the idea of artificial
neural networks is used. Experimental data is separated as 20
% and 80 % in a random way. 80 % of all data was used for
training. During the neuro regression step, the
“RandomSample” command is used to take 80 % of data from
the dataset. After that, the "Complement” command takes the
remaining data from the dataset. By using training data, a
training model was created. 20% of all data was used as the
testing data. After the process the predicted training model
matched well with WEDM reactions,
hence,
ଶ
ଶ
ଶ
, ܴ௧
and ܴ௧௦௧
values were higher
resultingܴଶ ,ܴௗ௨௦௧ௗ
than 0.85.
Stability
The stability of the model is determined in order to measure
the ability to realize the WEDM parameters. Stability results
are represented in order to ensure if the chosen model is
suitable or not. In this study, the behavior of the models was
investigated. Mathematical models of one output parameters
have been increased and decreased by %10, %30, and %20.
By this means; it is seen at which intervals the models were
stable. Stability calculations have been done for the objective
function of SR.
E. Optimization method (Simulated Annealing (SA))

݂ is the fitted values, ݂ᇱ is the corresponding point on the
ҧ
regression line, and ݂represents
the mean f -value for the
dataset.
ଶ
ൌ ͳ െ ሺͳ െ ܴଶ ሻ
ܴௗ௨௦௧ௗ

ሺିଵሻ

(4)

ሺିିଵሻ

Multiple Nonlinear Regression
Although multiple nonlinear regression is similar to simple
linear regression, it differs in that the model functions are
nonlinear and the input number is more than one [17].
The fitted model can be used to estimate the SR value with the
new observed values of Ton, Toff, IP, SV, WF, WT.
The First order trigonometric non-linear regression model
used in this article are given in Table 2.
Table 2: The proposed regression model for the present application
Model
Name
First Order
Trigonometric
Non-linear

Nomenclature

Formula

FOTN

ܽ  ܽଵ  ͳݔ݊݅ݏ ܽଶ  ʹݔ
ܽଷ  ͵ݔ݊݅ݏ ܽସ ݔ݊݅ݏͶ
ܽହ  ݔͷ  ܽ ݔ݊݅ݏ
ܽ ܿ ͳݔݏ ଼ܽ  ʹݔ
ܽଽ ܿ ͵ݔݏ ܽଵ ܿݔݏͶ
ܽଵଵ ܿݔݏͷ  ܽଵଶ ܿݔݏ
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Figure 3: Flowchart of the SA Method [Adapted from [18]]

Mathematica has been used in this study to perform the
stochastic optimization process. In this process, NMinimize
and NMaximize solvers are selected to obtain optimal values
of cutting parameters of Wire EDM. Based on the
deterministic nature of variables, the objective function was
minimized considering the system constraints and bounds by
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Simulated Annealing optimization algorithms The flowchart
of the SA model is given Fig.3.
SA is an analogy between the annealing process and
optimization. When steel annealing is taken into consideration,
it is a heat treatment method that is used to cool the steel from
high temperatures to low temperatures, slowly. The main idea
of annealing is to improve machinability, ductility, and
decreasing the internal stresses [19, 20].
F. Problem Definition
The optimization process was carried out in Mathematica in
order to obtain maximum efficiency from the performance of
the WEDM machining. All experimental data were taken from
the article of Kumar et.al [1]. This study aims to define
optimum values of important cutting parameters such as Pulse
off time (Toff), Pulse on time (Ton), Peak current (IP), Spark
gap Voltage (SV), Wire Feed (WF), and Wire Tension (WT)
in Wire EDM.
In this paper, the first purpose is to create a non-linear
regression model, by using the experimental data which are
taken from another study on the same problem to search the
high-quality optimal process parameter conditions. The goal
was to minimize the Surface Roughness.
To obtain the best result for the response parameters these
steps must be followed.
Define the Objective Function,
Design Variables,
Constraints
Modeling
III. RESULTS AND DISCUSSION

ଶ
ଶ
ଶ
Table 3: Results of ܴଶ ,ܴௗ௨௦௧ௗ
, ܴ௧
and ܴ௧௦௧
values.

Output

ܴଶ

ଶ
ܴௗ௨௦௧ௗ

ଶ
ܴ௧

ଶ
ܴ௧௦௧

SR

0.95

0.89

0.95

0.88

SR= 3 65152 -0 0116287 Cos[Ip]+0 0441505 Cos[SV]-0 791602
Cos[Toff]+0 0838504 Cos[Ton]-0 00539295Cos[WF]+ 0 0230334
Cos[WT]-0 103772 Sin[Ip]+0 163232Sin[SV]+
0 899594Sin[Toff]+0 307798 Sin[Ton]+0 0513136 Sin[WF]-0 0216832
Sin[W]

B. Stability and Optimization Process of SR
Based on the stability graphs of the surface roughness
parameter (Fig. 3), we can say that model is stable up to

a)

b)

c)

d)

Figure 3: Stability graphs of the multiple nonlinear regression
model for system output SR: a) േͳΨǡ ሻ  േ ͳͲΨǡ ሻ  േ ʹͲΨǡ ሻ  േ
͵ͲΨǤ

Table 4: Optimization results of the Simulated Annealing (SA)
method.
Method Optim.
SR
SA

A. Modeling of SR
At the end of the several trials to choose an appropriate
model for SR which represents phenomena the best, a decision
was made on the first-order multiple nonlinear trigonometric
regression model (FOTN). The reason behind why the FOTN
model is used for the process parameters of SR is the good
relation between response and actual data. At the neuro
regression step, after training and testing dataset created,
ଶ
ଶ
and ܴ௧௦௧
values of the proposed model were
ܴ௧
found and given in Table 3.
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+10%. After +10%, it is obvious that a dramatic deviation
occurs. Stability in the negative direction occurs up to -1%.
After the stability calculations are done, optimum values of
surface roughness are determined by using a derivative-free
optimization algorithm, and results are presented in Table 4.

2.06

Ton
(μs)

Toff
(μs)

IP
(Ampere)

112

56

120

SV
WF
WT
(Volt) (m/min) (gr)

60

4

950

Results showed that it has been a significant increment of
surface roughness (approximately 22%) with the rising of
pulse on time from 112 to 120. Another important parameter
affecting the surface roughness was peak current. As the peak
current changed from 120 to 200 the surface roughness
increased from 2.57 to 2.76. This situation depends entirely on
the change in the intensity of the discharge energy. The higher
peak current and pulse on-time result in a higher discharge
energy level. This means longer machining time and stronger
explosion [21]. This case is most probably result in double
sparking and localized sparking [22]. The surface of the
material to be rougher can be caused by both double sparks
and re-sparks. Here the first phase sparks have a much more
important effect in removing material from the surface, while
the subsequent sparks have a secondary effect on the
roughness as they act more on debris and ruptured
particles[22, 23]. These sparks cause craters on the material
surface. The roughness is directly proportional to the size of
these craters. The higher the discharge energy, the stronger
sparks, and the deeper craters are formed, which affects the
surface roughness negatively. With less discharging energy,
smoother surfaces occur because the diameter of the craters
expands and their depth decreases. When we examine it in
terms of its effect on roughness, the increase in spark gap
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voltage shows a positive effect. The spark gap setting voltage
is directly related to the discharge time. Increasing the spark
gap voltage lengthens the discharge time. The longer the
discharge time, the slower the machining speed, and the more
stable the processing. This provides better surface roughness
[23, 24]. Surface Roughness occurs as a result of erosion
craters during machining. It is important to control discharging
energy in order to obtain a flatter crater. This can only be
achieved by choosing the optimal cutting parameters such as
pulse on time, pulse off time, peak current, spark gap voltage,
etc. that affect discharge energy. The results demonstrated the
correct applicability of the stochastic optimization method in
determining the most suitable cutting parameters in the
WEDM process. As a result of the application of the
Simulated Annealing Method, the process parameters
providing the best surface roughness were determined. Surface
roughness was calculated 2.06μm at pulse on time (112μs),
pulse off time (56μs), peak current (120A), wire feed
(4m/min), spark gap voltage (60volt), and wire tension
(950gr).

IV. CONCLUSION
In this study, multiple nonlinear regression models that are
suitable
for
phenomena
were
created.
ଶ
ଶ
ଶ
, ܴ௧
ǡand ܴ௧௦௧
values for the
Calculatedܴଶ ,ܴௗ௨௦௧ௗ
FOTN regression model were meaningful. Also, the stability
of SR models is investigated to make sure that the model is
not prone to deviate. Simulated Annealing method has been
applied systematically to optimize WEDM’s parameters. The
optimal value of Surface roughness was found 2.06μm at
pulse on time (112μs), pulse off time (56μs), peak current
(120A), wire feed (4m/min), spark gap voltage (60volt), and
wire tension (950gr) which are the best fitness values of
cutting parameters of titanium plate by WEDM. This study
has been a preliminary study to optimize other important
output parameters such as Machining rate, Dimensional
Deviations, Wire Wear Ratio, etc. in WEDM operation and is
also important in terms of showing the applicability of
Stochastic Optimization Methods.
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Abstract - The organic Rankine cycles (ORC) are known as the
reliable and low-temperature cycles. Also, solar energy is broadly
considered one of the most exciting renewable energy for the
future. So, the combination of the ORC and solar energy for
producing electricity can lead to reducing fossil fuel consumption
and diminish CO2 emissions. Since the intensity of the solar
radiation is different during a day, for precisely examining the
performance of the system, the simulation should be done
dynamically. In this regard, in this paper, the transient
performance of the parabolic trough collector (PTC) cycle, which
is combined with the two-stage ORC, is assessed. The main
components of the system are PTC, a thermal storage system,
ORC, auxiliary heater, and a controller, which shuts off the pump
of the solar cycle when the radiation is low. Engineering Equation
Solver (EES) and Trnsys software have been used to model the
proposed system. The desired unit has been simulated during one
year for a building which is located in Tehran. The results show
that the energy efficiency of the whole cycle, which is used R245fa
and R134a as the organic fluid, is 13.18%. Also, the highest energy
efficiency and the solar fraction of the cycle occur in Jun with
13.28% and 73.46%, respectively, for the base case. The effect of
the collector area, the storage tank volume, and the setpoint
temperature of the auxiliary heater has been investigated on the
performance of the system.
Keywords – ORC, PTC, EES, Trnsys, Dynamic.

D

I. INTRODUCTION

UE to the increase in CO2 emission and global warming, as

well as the limited sources of fossil fuels, the use of
renewable energy is needed more than ever. Solar energy seems
to be more reliable and available than other renewable energies
with respect to weather and location conditions. Due to the vast
technology used for solar systems, parabolic trough collectors
(PTCs) are more popular than other collectors owing to their
use and performance on small and large scales [1]. On the other
hand, organic Rankine cycles (ORCs) are considered as one of
the most prevalent and competitive systems, owing to their
acceptable operation temperature, to convert solar energy into
electricity [2]. In this regard, Chai and Jung [3] investigated the
performance of the 1 kW solar ORC system for a village in

E-ISBN: 978-625-44427-4-2

Malaysia. The R245fa and therminol VP1 were used as the
organic and solar cycle fluid, respectively. Also, Heng et al. [4]
conducted the performance of the 50 kW solar ORC, which
used PTC with the 1154 m2 aperture area. The efficiency of the
proposed system was reported as around 8%. Yang et al. [5]
examined the effect of the solar unit’s stable output under
variable radiation for one day. By keeping constant the
temperature and flow rate of the heat transfer fluid, the unit’s
maximum efficiency reached 17.9%, which was 4.2% higher
than the unstable output operating mode. Zhao et al. [6]
investigated the effect of cloudy sky conditions on the
performance of the cycle. It was illustrated that a short period
(5 min) cloud blockage of the sun had no significant impact on
the system’s performance. Li et al. [7] evaluated a solar cascade
cycle, which used steam and organic Rankine cycle as the top
and bottom of the cycle, respectively. In this system, the screw
expander was used to produce power, which can operate at
lower pressure and temperature rather than steam turbines. The
energy efficiency of this system was reported as about 15.67%.
Kerme and Orfi [8] investigated the effect of turbine inlet
temperature on the performance of the system. It was found that
raising the turbine inlet temperature led to increasing the unit’s
electrical efficiency and output power. Freeman et al. [9]
compared a PTC and evacuated tube collector (ETC) for the
UK’s residential house. It was found that the average electrical
output power of the PTC, which was used tracker system, was
very similar to the ETC. One of the important parameters of
solar collectors is their array configuration. Zhang et al. [10]
showed that the parallel array produced more electrical power
in comparison with series one. Given the fact that solar systems
can not work all day long, using the storage tank can increase
their usage time. In this regard, Jafari mosleh and Ahmadi
investigated the effect of phase change material (PCM) storage
unit on the cycle’s performance. Results showed that the solar
fraction enhanced 90.5% compared to the system without the
PCM storage unit. Caldino-Herrera et al. [11] investigated the
thermal storage tank’s effect on the small-scale PTC-ORC
cycle, which used R245fa as the ORC working fluid. They
claimed that using the storage tank can store up thermal load up
to 11 hours. The proposed system had the 8.02% energy
efficiency. Tzivanidis et al. [12] used a 300 m3 storage tank for
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The simplified block diagram of the proposed system is
shown in Figure 1. The operation of the cycle is as follows. The
heat generated by the PTC is stored inside the storage tank. The
DOWTHERM Q heat transfer fluid is used as the thermal oil of
the solar cycle [14]. It should be noted that the solar cycle pump
is equipped with the controller, which turns off the pump in case
of insufficient or absence of radiation. After that, the outlet fluid
from the storage goes to the auxiliary heater. If its temperature
is less than the required value, it is heated up to the needed
temperature. It then enters the heat exchanger and converts the
high-temperature ORC’s fluid to the superheated stream, which
uses R245fa as the working fluid. In the ORC, the superheated
stream rotates turbine blades to move the power shaft and
generates electricity. After producing power, the turbine outlet
stream goes to the condenser, which is also the low-temperature
cycle’s heat source. R134a is used as the operating fluid of the
low-temperature cycle. Like the high-temperature cycle, the
superheated steam causes the turbine blade to rotate, leading to
producing electricity.

A. Dynamic Simulation Tools
In this study, due to the transient simulation, Trnsys software
is used to investigate the desired system’s behavior during a
year. Simulation is performed according to Tehran’s weather
data and solar radiation, which are illustrated in Figure 2. The
type TMY2 is used to read the weather data of Tehran. Also,
the time step of the simulation is chosen to be an hour.
Moreover, Engineering Equation Solver (EES) is employed to
model the ORC components, which are not available in the
Trnsys.
3000
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B. Solar Field
According to the building’s electrical demands and solar
radiation condition in Tehran, 4 PTCs in two rows are
considered. Each PTC has a 70 m2 aperture area with 23 m
long and 3 m span. The simulated solar collector system is
equipped with a single-axis tracking to trace sunlight during
day time. The properties of the PTC are listed in Table 1.
Table 1: Specification of parabolic trough collector
Parameter

Value

Length (m)

20

Width (m)

3.5

Number of Collector in Parallel

Total Aperture Area (m2)
Concentration Rato

E-ISBN: 978-625-44427-4-2

6000

Figure 2: Annual radiation and the temperature of Tehran

Number of Collector in Series

Figure 1: The schematic block diagram of the solar twostage ORC

Watt/m^2

II. SYSTEM DESCRIPTION

III. SIMULATION AND ASSUMPTIONS

Temperature ( C)

a 25000 m2 PTC solar field, which produced 1 MW power. The
results showed that the internal return rate and the payback
period of the desired system was 13.46% and 9 years,
respectively. According to the importance of the ORC’s
working fluid on the performance of the system,
Pourmoghadam and Pourfayaz [13] compared and optimized
several working fluids for the cascade ORC. It was shown that
R134a had the best thermal efficiency.
In this study, the transient simulation of solar ORC, which is
integrated with PTC, is conducted for a building in Tehran. The
desired system is comprised of PTC, ORC, storage tank,
auxiliary heater, and the controller. Although the use of the
auxiliary heater and the storage tank diminishes the
temperature’s fluctuation, the value of power generation as well
as the operation of the other sections of the system, which is
calculated over a year, can be very useful for designing the real
configuration.

2
2

280
35

Intercept Factor

0.93

Collector Flow Rate (kg/s)

3.33

Fluid Specific Heat (kj/kg.K)

2.5

C. Organic Rankine Cycles
The ORC comprises turbines, pumps, heat exchangers, and a
condenser, which are modeled in the EES and then integrated
into the Trnsys software environment. Isentropic efficiency was
considered for turbines and pumps. Also, the condenser outlet
fluid is assumed to be a saturated liquid. The properties and
assumptions of the ORC modeling are listed in Table 2.
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Table 2: Specifications of ORC
Parameter

The total efficiency of the cycle is defined as:
Value

Heater Setpoint Temperature (C)

155

High-Temperature ORC fluid

=

R245fa

High-Temperature ORC Flow Rate (kg/s)

0.55

High-Temperature ORC Pressure (Kpa)

2665

Low-Temperature ORC fluid

D. Validation
Before modeling the proposed system, the two-stage ORC
modeled in EES was compared with the Kosmadakis et al. [15]
results. Table 3 shows a good agreement between simulation
results and the operating data in Ref [15]. The reason for these
tiny errors is the small difference between the proposed and Ref
[15] cycles.

R134a

Low-Temperature ORC Flow Rate (kg/s)

0.55

Low-Temperature ORC Pressure (Kpa)

2200

Turbine Isentropic Efficiecny

0.85

Turbine Mechanical Efficiency

0.85

Pump Isentropic Efficiecny

0.75

Pump Mechanical Efficiency

0.75

Outlet Quality of the Condenser

Table 3: Comparision the ORC developed model in EES with
the results of Ref [15]

0

IV. PERFORMANCE CRITERIA AND VALIDATION
A. Turbine
In the case of modeling turbines, which have been done in
EES, turbines are considered adiabatic, and the turbine
generator’s loss is assumed to be 0.85. The isentropic efficiency
and turbine outlet power are defined in equations 1 and 2,
respectively.
,

=

,

,

(1)

, ,

=

×(

,

) × 0.85

,

(2)

B. Pump
In the modeling of Pumps, which have been done in EES,
Pumps are considered adiabatic. The isentropic efficiency and
the pump’s consumption power are defined in equations 3 and
4, respectively.
=

, ,

,

,

(3)

,

×(

=

,

0.75

,

)

(4)

C. Solar Fraction
The solar fraction is usually defined to evaluate the
performance of the collector. The solar fraction is the ratio of
the amount of energy supplied by the sun to the required cycle’s
total energy. In this study, the solar fraction is defined as:
=

+
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(6)

+

Data in Ref
[15]

Simulation
Data

Error (%)

HighTemperature ORC
power production
(kW)

8.5

8.91

4.82

Low-Temperature
ORC power
production (kW)

6.9

6.48

6.08

HighTemperature ORC
condenser heat
rejection (kW)

103

92.60

10.09

Low-Temperature
ORC condenser
temperature (C)

35

35

0

V. RESULTS
The total radiation on the PTC’s tilted surface and the
horizontal's total radiation are illustrated in Figure 3 for a
random day in Jun. As can be seen, the radiation increases from
zero in the morning to its maximum value at noon and then it
reduces again to reach zero at sunset. The sun’s radiation
patterns on all days are the same as mentioned, and only their
amounts are different. Furthermore, the difference between the
radiations indicates the amount of increase in radiation, which
was received by the PTC due to the single-axis tracking system.
How the control system works is also shown in Figure 3. At
sunrise, as the solar intensity increases, it turns on the pump,
and at sunset, it shuts off the pump as the radiation diminishes.

(5)
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Table 4: The total results of the sensitivity analysis on the
PTC-ORC
Case 1

Case 2

Case 3

Aperture area
(m2)

280

380

280

Heater setpoint
temperature (C)

155

155

175

PTC useful
energy gain
(kWh)

357429

485109

357429

Power production
(kWh)

139665

140030

143779

Heater
consumption
(kWh)

521369

517515

842237

Solar fraction

40.67

48.38

29.68

[3]
[4]

[5]

[6]

[7]

[8]

[9]

Efficiency

13.18

11.6

10.01
[10]

The effect of increasing the tank volume from 50 m3 to 75 m3
was investigated on the solar fraction, efficiency, and power
production. Since its changes approximately did not affect the
system’s performance, no result was presented.

[11]

[12]

VI. CONCLUSION
In this study, the transient simulation of the two-stage ORC,
which was coupled with the PTC, is investigated. Some of its
essential results are as follows.
x Although by increasing the PTC area, the energy
received by PTC increases and the power
consumption of heater decreases, the efficiency of
the whole cycle reduces. However, solar fraction
increases dramatically.
x The use of the auxiliary heater leads to decreasing
the effect of the radiation’s fluctuation on electricity
production by keeping the system’s energy level
constant. It should be noted that, by using the proper
energy storage tank, the heater’s consumption can
be diminished.

[13]

[14]
[15]
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Abstract - One of the most important issues in solid fuel rocket
motor design is that the designed nozzle can function under
thermomechanical effects. Throat insert cracking often occurs
due to thermal stresses and can cause local material loss around
the crack. Any shape change on the inner surface of the nozzle
directly affects motor performance negatively. Numerous studies
have been conducted on the thermomechanical response of solid
fuel rocket motor nozzles. In these studies, many factors related
to the geometrical properties and material properties of rocket
motor nozzles were taken into consideration. In this paper, the
boundary conditions required for thermomechanical analysis
were obtained by using a one-dimensional nozzle flow solver
code. The obtained thermal and structural boundary conditions
were applied to the structural analysis model created using
ANSYS software, and the effects of various geometrical
properties of the nozzle throat insert on the stresses on the nozzle
throat insert were investigated. It is found that allowing radial
gap between the insert and the insulation material is important to
reduce compression stresses. Additionally, 10mm more thinner
insert design showed an improvement in the critical minimum
principle stress value for this geometry. However, when the insert
thickness value is decreased further, this time a sudden increase
in the maximum principle stress value is observed. This paper
provides insights into the effects of nozzle throat insert geometry
in solid propellant rocket motor nozzles on stresses and provides
an approach to obtain more reliable design.
Keywords - Solid Propellant Rocket Motors, Nozzle Throat
Insert Design, Thermomechanical Analysis
I

INTRODUCTION

A. Solid Rocket Motor
OLID propellant rocket motor is a type of rocket motor
whose fuel and oxidizer are in solid phase, and these solid
propellant rocket motor systems are used as accelerators on
missiles, satellite launch systems and model rockets. The main
function of solid rocket motors is to reach the ammunition to
the desired target.
Rocket motors principally consist of four main parts: (i)
case, (ii) igniter, (iii) propellant, (iv) nozzle. Motor case
contains solid propellant and resistant to internal pressure
while the rocket operates. The igniter is generally a
pyrotechnic device which starts the combustion when an
electrical signal is received. Solid propellant, usually attached
to the inner wall of the motor case, provides necessary energy
for propulsion and takes a large part of case volume before
ignition. After ignition occurs, combustion starts on the solid
propellant surface, then the solid propellant turns into hot
combustion products. As a result of combustion, large

S
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amounts of exhaust gas are produced at high temperature and
pressure. Nozzle is used as a device in which the chemical
energy of the propellant is converted into the kinetic energy of
the gas at high temperature and pressure. Exhaust gas at high
temperature and pressure is passed through the nozzle that
accelerates the flow. Then, thrust is generated by the impulse
force according to Newton's third law of motion.
B. Solid Rocket Motor Nozzle
Nozzle design is an iterative procedure, firstly the design
process is completed according to the design parameters and
constraints and then the design is checked with analysis,
finally nozzle design validated by tests (see Fig. 1).

Figure 1. Basic Nozzle Design Process

Aerodynamic design phase is the geometrical design of
entrance, throat and exit surfaces of nozzle that are exposed to
exhaust gases and directly affects motor performance. The
main purpose in thermal design is to maintain the nozzle
aerodynamic design as much as possible and to protect the
structural parts from high temperatures. Thermal insulator and
throat insert materials are used for this purpose. The aim of
structural and mechanical design is to determine the basic
external structure which supports thermal materials and carries
nozzle loads. In short, at the end of the design, the rocket
motor nozzle basically consists of three layers: (i) ablation
layer, (ii) thermal insulation layer, (iii) support layer.
C. Studies in the Literature
Numerous research and investigations are conducted to
understand the thermomechanical response of rocket motor
nozzle until today. Bartz (1957) suggests a simple equation for
rapid estimation of rocket nozzle convective heat transfer
coefficients. Kumar et al. (2005) thermal loads are more
dominant in thermomechanical response of the nozzle than
mechanical loads. Sun et al. (2016) examined the effect of
structural gaps on the thermomechanical response of a typical
nozzle using a finite element method. Sun et al. (2017) studied
the thermo-structural response of the graphite throat using
finite element analysis without considering chemical and
mechanical ablation processes to determine the failure cause
of a crack. Unlu et al. (2018) used Abaqus to analyze thermomechanical response of the nozzle of missile CASTOR II,
propose design changes to reduce the maximum and minimum
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principle stress levels. Nigar (2019) investigated several
geometries for their crack propagation behavior.
In this paper, the effects of insert thickness/length radial
structural gaps and material properties on stresses are
investigated, with an aim to improve the design of the nozzle
throat insert geometry.
II. PROBLEM DEFINITION
When the propellant is ignited, temperature and pressure
begin to increase rapidly in the combustion chamber and
nozzle. The surface temperature of the nozzle parts, which is
exposed to flow, reaches 2500-3000°K. A large temperature
gradient occurs inside the nozzle parts, because the external
layer of the rocket nozzle is still at room temperature. In
addition to stresses due to high pressure, this temperature
gradient causes a thermal expansion that causes large thermal
stresses. Finally, this phenomenon can cause cracks of nozzle
throat insert and consequently failure of nozzle design. Any
crack failure in the nozzle throat cause the solid rocket motor
to fail its mission.
At the scope of this investigation the design variables of the
nozzle throat insert are determined as follows: (1) Length of
the nozzle throat inserts, (2) Radial thickness of the nozzle
throat inserts, (3) Radial structural gap between insert and
insulator.
III. THERMO-MECHANICAL ANALYSIS
To perform thermomechanical analysis of a rocket motor
nozzle, the following steps should be applied.
Creating the solid model of the nozzle design: Nozzle
geometry including ablation layer, thermal insulation layer
and support layer can be created by using mechanical design
software.
Defining the temperature-dependent material properties:
All properties of materials (e.g., density, thermal conductivity,
thermal expansion coefficient, modulus of elasticity, Poisson's
ratio, specific heat) should be temperature-dependent to obtain
more accurate results because transient thermal analysis is
handled.
Obtaining of 2-D axially symmetric finite element analysis
model: The nozzle geometries are axially symmetrical.
Therefore, 2-dimensional axially symmetric finite element
model can be used to obtain accurate results in shorter time
using a smaller number of mesh element and nodes.
Creating appropriate mesh and defining proper time step:
Appropriate element and time step size should be determined
to obtain results independent of time step and element size.
Identifying the contact status: Physical contacts between
nozzle parts must be properly defined. Frictional and bonded
contact status are used generally.
Determination of boundary conditions: Two types of
boundary conditions should be determined to perform
thermomechanical analysis of the nozzle. (A) Thermal
Boundary Conditions: Free convection heat transfer between
external nozzle surface and air and forced convection heat
transfer between flow field and internal nozzle surface. (B)
Structural Boundary Conditions: Distributed pressure on
internal surface of nozzle because of flow field.
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Running thermomechanical analysis and obtaining results:
For the problem to be investigated, analyzes can be performed
by ignoring the erosion and pyrolysis of the materials.
A. 1-D Nozzle Flow Simulation Code
This code is used for determination of nozzle flow
properties
and
defining
boundary
conditions
of
thermomechanical analysis. To obtain boundary conditions for
thermomechanical analysis, we use a 1-D flow simulation
code to obtain flow properties along the nozzle axis.
Flowchart of the 1-D nozzle flow simulation is shown in Fig.
2.

Figure 2. Flowchart of the 1-D Nozzle Flow Simulation

For 1-D isentropic flow, relationship between temperature,
pressure, and Mach number in any section along the nozzle
axis can be given as:
(1)
(2)
(3)

is chamber pressure,
where,
is chamber temperature,
is nozzle throat area, A is the local area along the nozzle axis
and k is the specific heat ratio of the gas.
By using of these equations, firstly, the area ratio of the
relevant axial coordinate (A// ) and the local Mach number
(Ma) are obtained. Using Ma, combustion chamber
temperature and specific heat ratio, the local static temperature
value (T) is obtained. The local static pressure value (P) is
obtained from Ma, combustion chamber pressure and free heat
rate. Then obtained pressure distribution is used as internal
pressure structural boundary condition.
To calculate the forced convection heat transfer from the
internal flow to the internal surface of the nozzle, the gas
must be provided as the temperature
recovery temperature
of the gas directly contacting the nozzle. The recovery
temperature can be calculated from:
(4)
(5)
where, T and Ma are the gas static temperature and the Mach
number in the local cross-sectional area.

292

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

For forced convection, the heat transfer coefficient can be
calculated with the Bartz formulation:

graph which is provided from literature for CASTOR IIA
nozzle. When the Figure 6 is examined, the same pressure
distribution is ensured for 35th second.

(6)
(7)
(8)
where, h is the forced convection coefficient, C is a constant,
is constant volume specific heat of
is throat diameter,
JDV ȝ LV WKH YLVFRVLW\ FRHIILFLHQW RI WKH JDV 3U LV 3UDQGWO
is
QXPEHUীLVPDVVIORZUDWH is radius of curvature,
throat cross section area, A is local cross section area,
is
is temperature of the total
the temperature of the wall,
temperature of the gas, k is the ratio of specific heat, Ma is
local MaFKQXPEHUıLVDPRGLILHGSDUDPHWHUFRQVLGHULQJWKH
S
is the gas molecular
vibration of the boundary layer,
weight.
IV. VALIDATION OF THE FINITE ELEMENT MODEL
Thermomechanical analysis of the CASTOR IIA nozzle is
first conducted to verify the thermomechanical analysis model
by comparing the results of this study with the results
available in the literature. Geometrical properties and design
g
materials are shown Figures
3 and 4.

(a)

(b)

(c)
Figure 5: Nozzle flow properties (a-c)

Figure 3: Geometrical properties of CASTOR IIA nozzle (courtesy
of Shields, 1976)

Figure 6: Pressure distribution and comparison for 35th sec.
(red line is this study on literature result)

Figure 4: 2D model of CASTOR IIA nozzle

A. Comparison of The Pressure Distribution
By using flow simulation code, the properties of the
flow along the inner contour of the nozzle are determined and
used as the boundary conditions in the analysis model. The
outputs of flow simulation is shown Fig 5. Additionally,
pressure distribution which is obtained by using flow
simulation code is shown red color on the pressure distribution

E-ISBN: 978-625-44427-4-2

B. Comparison of The Temperature Distribution
Temperature distribution obtained in this study is found to
be close to that of the literature (see Fig. 7). The maximum
and minimum temperature values was around 3033 ºK and
562 ºK in literature, and they are computed around 3111 ºK
and 533 ºK in this study.
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(a) Temperature Distribution, 35th second

(a) shear stress distribution

(b) shear stress distribution (courtesy of Shields, 1976)
Figure 9: Comparison of shear stress distribution at the 30th second
(a: this study, b: literature)
(b) Temperature Distribution, 35th second (Shields, 1976)
Figure 7: Comparison of temperature distribution (a: this study, b:
literature)

V. EFFECT OF VARIOUS PARAMETERS ON STRESSES
After completing the verification of the analysis method by
using the Castor's model and results in the literature, our own
nozzle design (see Fig. 10) is analyzed using the same method.

C. Comparison of the Minimum Principal Stress
Distribution
Minimum principal stress distribution is found to be close
to that of the literature (see Fig. 8).

Figure 10. 2D model of examined nozzle

Nozzle dimensions and working conditions are given in
Table 1. Applied boundary conditions and contacts are shown
in Figure 11. Flow simulation results are shown in Figure 12.
Table 1. Nozzle dimensions and working conditions
(a) Minimum principal stress distribution
Nozzle Dimensions
Operating
conditions

Parameter
Throat diameter
Exit diameter
Nozzle Length
Pressure
Temperature
Operating time

Value
110mm
250mm
357mm
7 5 MPa
3600 °K
5s

(b) Minimum principal stress distribution (Shields, 1976)
Figure 8: Comparison of minimum principal stress distribution at the
35th second (a: this study, b: literature)

D. Comparison of the Shear Stress Distribution
Shear stress distribution obtained in this study is also found
to be close to that of the literature (see Fig. 9).

E-ISBN: 978-625-44427-4-2

Figure 11. Boundary conditions and contacts

294

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

considered critical in terms of compressive stress. Considering
that Graphite ATJ has a tensile strength of 25 MPa, the region
shown on the behind contact surface of the insert can be
considered critical in terms of tensile stress.

(a)

Figure 13. Minimum principle stress distribution on insert

Figure 14. Maximum principle stress distribution on insert

(b)

C. Effect of Thicknesses of the Nozzle Throat Insert
When the insert is 10mm thinner (see Fig. 15), it is found
that the critical minimum principal stress values are not
affected much by this change, but the critical minimum
principal stress value is decreased from 22.1 MPa to 19.3 MPa
(see Figs. 16 and 17).

Figure 15. Applied geometrical change

(c)
Figure 12: (a) Pressure distribution, (b) temperature distribution, and
(c) heat transfer coefficient distribution

A. Mesh and Time Step Dependency
Four different element sizes (5mm, 2mm, 1mm, 0.5mm)
and five different time steps (1s, 0.5s, 0.2s, 0.1s) is examined
to obtain independent results. A path is created from the throat
to the external surface of insert, then change in von Mises
stress and temperature are investigated. We found that, when
the element size is reduced to 1mm, the results are
independent of the mesh and when the time step is reduced to
0.1 seconds, the results are independent of the time step. Due
to page limitations, we skip mesh and time step dependency
figures.
B. Reference Results
The minimum principle stress and the maximum principle
stress results of the reference geometry are shown in Figures
13 and 14, and they will be used as a reference in
comparisons. Considering that Graphite ATJ has a
compressive strength of 80 MPa, the region shown on the
front and behind contact surface of the insert can be

E-ISBN: 978-625-44427-4-2

Figure 16. Minimum principle stress distribution on insert

Figure 17. Maximum principle stress distribution on insert

When the insert is 15mm thinner, it is observed that the
critical minimum principal stress value is decreased to 16
MPa, but a sudden drop of critical minimum principal stress
values can be seen in the critical region at the front interface
of insert (see Figs. 18 and 19). Geometries between 10 mm
and 15 mm thinner geometries should be studied in more
detail to determine at what thickness the minimum principle
stress value decreases suddenly.
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Figure 18. Minimum principle stress distribution on insert

Figure 23. Minimum principle stress distribution on insert

Figure 19. Maximum principle stress distribution on insert

Figure 24. Maximum principle stress distribution on insert

D. Effect of Length of the Nozzle Throat Insert
The analyses are repeated with 10mm longer insert
geometry (see Fig. 20). While the maximum and minimum
principle stress values do not change much when the insert
length is 10mm longer, it has been observed that the region
under critical compressive stress on the front of the insert
expands (see Figs. 21 and 22). It can be interpreted that when
the insert length is shortened, the area where critical
compression stresses are observed on the front surface of the
insert will decrease.

Figure 20. Applied geometrical change

VI. CONCLUDING REMARKS
To provide insights into obtaining more reliable solid
propellant rocket motor nozzles design, this paper investigates
the effects of nozzle throat insert geometry on stresses
developed. The following conclusions were drawn:
The 10 mm thinner insert design showed an improvement in
the critical minimum principle stress value. However, when
the insert thickness value was decreased by 15 mm, this time a
sudden increase in the maximum principle stress value was
observed. In a future study, the thickness reduction between
10 and 15mm would be examined in more detail.
It was observed that increasing the insert length expands the
critical region in terms of compressive stress at the front
interface of the insert. In a future study, the effect of
shortening the insert size would be explored.
Allowing radial space between the insert and the insulation
material was found to be important in reducing compression
stresses. However, it was observed that this radial gap affects
tensile stress values negatively.
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Abstract - An experimental study is carried out to investigate
the effects of leading-edge tubercles on NACA 0020 airfoil at Re
= 63000. Force measurements are carried out with the help of a
load cell at different angles of attack between 0-30 degrees.
Tubercle parameters are selected as a = 0.05c and O = 0.5c for M1
and a = 0.025c and O = 0.5c for M2. M2 and M1 tubercle models
produced 143% and 110% more lift than the baseline model at
= 10°, respectively. They also postponed the stall with the help of
tubercle geometry and change the common stall characteristics of
the baseline model. The airfoil with leading-edge tubercle showed
better lift performance as compared to the baseline airfoil at the
post-stall region.
Keywords – NACA 0020, Lift coefficient, Drag coefficient and
Tubercle.

I

I. INTRODUCTION

N recent years, there is a growing interest in biomimicry so
as to use in flow control applications for the purpose of
enhanced the aerodynamic characteristics such as lift, drag,
vortex shedding etc. A pectoral fin of the humpback whale,
having giant body size and good maneuverability skill has
drawn attention by the researchers. It was the first time Fish
and Battle [1] have proposed to investigate the flipper of the
humpback whale. They also found that the flipper of the midspan section is familiar to NACA 634-021 airfoil profile.
Thereafter, Miklosovic et al. [2] investigated the aerodynamic
performance of humpback whale flipper with NACA 0020
airfoil section at the Reynolds number ranges between
5.05x105 and 5.2x105. Their results indicated that NACA 0020
airfoil with the leading-edge tubercle has a substantial effect
on aerodynamic characteristics such as lift coefficient and stall
behavior. In the latter study of Miklosovic et al. [3], they try
to find stall performance enhancement originated rectangular
airfoil with leading-edge tubercle or semi-span airfoil with
tubercle. They revealed that the rectangular airfoil leads to a
decrease in lift and increase in drag coefficient but semi-span
airfoil lead to an increase in lift and moment and a decrease in
the drag coefficient. Johari et al. [4] researched the effects of
wavy leading edge shape parameters such as the amplitude
and wavelength. According to mean chord, these parameters
were chosen as 0.12c, 0.05c and 0.025c for the amplitude (a)
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and 0.5c and 0.25c for the wavelength (O). They performed
tufts flow visualization and force measurement experiments.
Their results indicated that leading-edge tubercle leads to a
decrease in lift and increase in drag at the pre-stall region. On
the other hand, it leads to an increase in lift and delay the stall
at the post-stall region. In addition, they found that an
optimum improvement for lift coefficient, drag coefficient and
stall behavior optimum amplitude obtain with small amplitude
(0.025c) and high wavelength (0.5c). In their results, this
tubercle geometry did not present the common stall
characteristics as compared to baseline airfoil. Pedro and
Kobayashi [5] performed numerical study to investigate the
humpback whale flipper having NACA 0020 airfoil section at
Re = 50000. The flipper model has large streamwise vortices
in contrast to the flipper model without leading edge tubercle.
In the midsection of the flipper, high vorticity lead to enhance
the boundary layer by moving high momentum flow near to
the airfoil surface. They suggested that leading edge tubercle
flow structure is similar to a wing fence that is flow separation
control device. Hansen et al. [6] investigated the effect of
NACA 0021 and NACA 65-021 airfoils with leading-edge
tubercle at Re = 1.2x105. Force measurement and hydrogen
bubble flow visualization are performed. The leading-edge
parameters are selected as 0.03c - 0.11c for the amplitude and
0.11c – 0.86c for wavelength. They observed that higher
amplitude and lower wavelength lead to higher lift coefficient
and lower drag coefficient, especially at the post-stall region.
They suggested that the working mechanism of the leadingedge tubercle is familiar with the vortex generator. Weber et
al. [7] carried out to numerical study by using STAR-CCM
and Solidworks flow simulation and their results were
compared with the experimental results. Their results
indicated that the lift coefficient has a good fit at the post-stall
region but the drag coefficient has not a good fit at this region.
Proper orthogonal decomposition (POD) method and particle
image velocimetry (PIV) flow visualization methods are
applied to investigate the flow structure around NACA 634021, having the tubercle leading edge by Wei et al. [8]. Their
results indicated that the tubercle in leading-edge cause to rise
flow instability due to vorticity structure. While flow
separation and reattachments are prominent in the middle and
trough of the tubercle, turbulent disturbance is prominent in
the peak of the tubercle. Corsini et al. [9] numerically
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investigated the effect of leading-edge tubercle on the flow
around the NACA 0015 airfoil. Tubercle model has enhanced
the post-stall characteristic of the model.
The aim of this study is to research the influence of the NACA
0020 airfoil with and without the tubercle leading edge in the
suction type wind tunnel. To do this, force measurement is
carried out by using a load cell at Re = 63000.
II. EXPERIMENTAL SETUP
Experiments were implemented in the suction type lowspeed wind tunnel located in Karadeniz Technical University
Mechanical Engineering Department. This tunnel has a test
section of 57 cm x 57 cm cross-section. Free stream velocity
of the tunnel can adjustable up to 50 m/s by using frequency
inverter. NACA 0020 airfoil model having 150 mm chord and
450 mm spanwise length was employed in this study.

(a)

Leading-edge tubercle models are also used as NACA 0020
section. The test models were manufactured by using CCH
Technology brand MY Z35 model 3D printer from PLA
filament. The test models were equally divided into 2 parts
(each of 225 mm). Manufactured models were carefully
assembled and sanded with sandpaper from coarse to fine. As
shown in Figure 1(b), the experimental setup is composed of a
load cell, a rotary unite, a rod, two endplates and a rod
protection ring. The test model is rotated with rotary unite at
the angle of attacks between 0° and 30° with an increment of
1°. There is a gap between end plate and the test model for the
force measurement. The test model is vertically placed in the
tunnel.

(b)

Figure 1: (a) Leading edge tubercle NACA 0020 airfoil in the test section and (b) schematic view of the force measurement setup.

In this study, tubercle parameters were selected as
amplitude (a) of 0.025c and 0.05c, and wavelength (O) of 0.5c
as indicated by Johari et al. [4]. Schematic view of the
baseline and tubercle models are shown in Fig. 2. M1 denotes
the tubercle model having a = 0.05c and O = 0.5c. M2 denotes
the tubercle model having a = 0.025c and O = 0.5c. Figure 1(a)
shows the manufactured M1 model in the test section of the
wind tunnel.
Tubercle curve for NACA 0020 airfoil is defined in
Equation (1).
F(x)=(a*cos((2Sx)/O))

(1)

6 axis ATI GAMA load cell is used in the force
measurement experiments. Force data are taken as 10000
samples during 20 seconds. These experiments were
performed at Reynolds number of 63000 based on the mean
chord of 150 mm for the tubercle and baseline models.
Figure 2: Schematic view of the test models.
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Abstract - The new generation nano-composite materials
enhanced with using nanoparticle has started been used in many
areas due to increase in mercantile value of the material and it’s
versatile and long-lived texture. Boron-containing products
follows an increasing course in the space and aviation industry by
increasing up to the durability of the materials by extending the
lifetime of the materials. The boron nitride (BN) nano particles
called white graphene has superior chemical, electrical and
thermal properties. In this research; Mechanical properties of
adhesively bonded joints were investigated using two different
adhesive material modified with hexagonal BN nanoparticles. In
this context; nano adhesives have been produced by adding BN
nanoparticles in different proportions (%0.5, %1, %2, %3, %4
and %5) in adhesives (Araldite 2011 and Hexion MGS-L285).
With these adhesives, single lap joints aluminum AA2024-T3 were
produced according to the ASTM D1002 standard and their
mechanical properties under tensile load were examined
experimentally. It has been observed that with addition of the BN
into the adhesive material, the damage load of the bonding joints
increases depending on the contribution rate. Also; distribution of
the boron nitride nanoparticles in the adhesive material was
investigated with using a scanning electron microscope (SEMEDS).
Keywords - Boron Nitride, Epoxy, Nanoparticle, Polymer,
Adhesive Bonding Joints

T

I. INTRODUCTION

HE reason for the increase of intensive research on
nanomaterials is that nanoparticles are have superior
properties and functions in a certain size regardless of their
volumetric structure. In order to improve certain properties in
polymer and metal materials, graphene, carbon nanotube,
fullerene, carbon nanofiber, aluminum oxide, clay, etc. are
often preferred [1-3]. Boron nitride (BN), called white
graphene, has excellent thermal, electrical, and chemical
properties. Having these properties has caused to find a wide
application area compared to carbon based and composites
boron nitride doped polymers (graphene, carbon nanotube etc.)
[4-7].
When the studies in the literature are examined; It is seen that
there are improvements in the mechanical and thermal
properties of composite materials produced by doping BN
nanoparticles. Jakubinek et al. stated that boron nitride
nanotubes (BNNT) would interact better with epoxy than
carbon nanotubes. In this case, BNNTs are specified as
nanotubes that can be preferred to strengthen epoxy, especially
in properties such as transparency / color, neutron absorption or
electrical insulation, when electrical conductivity is not
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required [8]. Chen et al. [9] stated that polymer materials and
boron nitride nanotubes form a stronger adhesion interface than
carbon nanotubes. It was determined that the BNNT-epoxy
interface strength was higher than the BNNT-Polymethyl
methacrylate interface strength. The extraordinary load transfer
capacity findings of BNNT polymer interfaces show that
BNNTs are excellent reinforcing nanofiller materials for
lightweight and high strength polymer nanocomposites.
In a study by Rahmat et al. they observed an increase of up
to 7% in the tensile strength of composite materials with BNNT,
an increase of up to 16% in the modulus of elasticity, and a
decrease of 9% in the fracture deformation [10].
Navaneethakrishnan et al. [11] in their study on BN / epoxy
nanocomposites containing different proportions of BN
particles; while the tensile strength, bending strength, impact
resistance, micro hardness values of nanocomposites increased
up to 1% by mass of BN, these values decreased after 1% by
mass. The lowest wear amount and friction coefficient were
observed in BN-epoxy nanocomposite containing 1% BN. It
has been stated that the wear rate and coefficient of friction of
nanocomposites decrease due to the load bearing properties of
BN particles. With these adhesives, single lap joints of
aluminum AA2024-T3 alloys were produced according to the
ASTM D1002 standard and their mechanical properties under
tensile load were examined experimentally. Additionaly, the
distribution of boron nitride nanoparticles in the adhesive was
investigated by using SEM-EDS.
In the presented study; the mechanical properties of bonding
joints were investigated using two different adhesives modified
with hexagonal BN nanoparticles. In this context;
Nanoadhesives were produced by adding different proportions
(0.5%, 1%, 2%, 3%, 4% and 5%) of BN nanoparticles into
adhesives (Araldite 2011 and Hexion MGS-L285).
II. MATERIALS AND METHODS
In the study; AA2024-T3 aluminum alloy is used as the
bonded material to produce single lap joints. Aluminum is one
of the most used materials after steel and cast iron in the field
of engineering. Especially, AA2024 alloy has low density (2.78
gr / cm3), high strength (E = 73.1 GPa, Vt = 485 MPa, Vak =
345 MPA), electrical conductivity (30% IACS) and corrosion
resistance. So, it is a material that is increasingly used in
automotive and aerospace industry.
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As an adhesive; Araldite-2011 (Hunstman, USA) and MGSL285 (Hexion, USA) two-component liquid epoxy adhesives
were used. Araldite 2011 epoxy adhesive; It has an epoxy /
hardener composition ratio of 1: 0.8 by weight and the curing
process is completed in 75 minutes at 60 ° C. MGS-L285 epoxy
adhesive is; It has an epoxy / hardener composition ratio of 1:
0.4 by weight and cures at 80 ° C in 50 minutes.
Nanoparticles as used for modifying the adhesives are
approximately 120 nm and hexagonal boron nitride having 97%
purity (h-BN) nanoparticle (Bortek Inc., Turkey). The SEM
image of the h-BN nanoparticle is given in Figure 1.

Figure 1: SEM image of h-BN particle.

In this study, the mechanical properties of the h-BN modified
single lap joint samples were experimentally investigated.
Experimental parameters and joint geometry produced in
accordance with ASTM D1002 standard are given in Table 1
and Figure 2.
Table 1: Parameters of experiments.
Sample

Adhesive

A0
ABN0.5
ABN1
ABN2
ABN3
ABN4
ABN5
M0
MBN0.5
MBN1
MBN2
MBN3
MBN4
MBN5

Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285

Doping ratio
%
0
0.5
1
2
3
4
5
0
0.5
1
2
3
4
5

Figure 2: Single lap joint geometry and dimension.
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Before the production step of the hexagonal boron nitride
nanoparticles doped and undoped single lap joint samples
shown in Figure 2, doped and undoped adhesives have been
prepared. At this step; h-BN nanoparticles (in a ratio
appropriate to the weight of the epoxy to be made were weighed
and
mixed
with
acetone
in
an
ultrasonic
homogenizer for 15 minutes in a beaker. Thus, the separation
of clustered h-BN particles was achieved. Epoxy was added to
the h-BN / acetone solution and mixed in an ultrasonic
homogenizer for 30 minutes. The mixing process was carried
out in an ice bath so that the heat released during mixing does
not damage the nanoparticle and epoxy structures. In order to
evaporate the acetone in the solution, the solution was kept in
the oven. After the acetone has evaporated, adhesives with
additives are produced by adding an appropriate amount of
hardener to the epoxy + h-BN mixture. Also for additive-free
adhesives; acetone was added and mixed in an ultrasonic
homogenization for 30 minutes and then the same steps were
followed (Figure 3).

Figure 3: Production of adhesives.

After AA2024 aluminum alloy sheets were cut in the
dimensions specified in Figure 2, the burrs arising from the
cutting process were removed with sandpaper. Oil, dirt, etc.
formed on the sample surface during the production and cutting
of the aluminum plate were pre-cleaned with acetone. The
aluminum alloys, whose surface was cleaned, were then
mechanically smoothed with 1200 SiC sandpaper.
The strength of the bonding joints depends on the flawless
surface. After mechanical cleaning, samples were etched with
sulfuric acid / sodium dichromate solution for chemical surface
treatment. For this purpose; aluminum samples were etched into
the prepared (310 g/L sulfuric acid, 67.3 g/L sodium
dichromate) sulfuric acid/sodium dichromate etching solution)
at 65-70 ႏ for 15 minutes. The etched samples were washed
with pure water and dried (Figure 4).

Figure 4: Surface preparation steps of AA2024-T3 alloy.

After the preparation of the adhesives and adherend materials
was completed, AA2024-T3 joint samples were produced using
the mold shown in Figure 5. Mold and pressure apparatus are
used to adjust the uniform adhesive thickness (Figure 5.a).
The bonded samples were then kept in the oven (75 minutes at
60 ႏ for Araldite, 50 minutes at 80 ႏ for MGS-L285) and
cured.
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After the curing step of the samples, excess adhesives were
removed and the production of the connection samples was
completed. The tensile test of the produced joint samples was
carried out in the INSTRON universal tensile device at the
boundary conditions shown in Figure 5.b at a tensile speed of 1
mm/min.

electrons in their bond structure. The irregular bond structure of
epoxies creates active bond structures between boron nitride
and epoxy, resulting in stronger bond formation.

Figure 7: Average failure loads for MGS L285 adhesive.

(a)

(b)

Figure 5: Production of single lap joint samples and tensile testing.

III. CONCLUSIONS
The average failure loads obtained from the tensile test of single
AA2024-T3 joint samples with and without hexagonal boron
nitride are given in Figure 6 and Figure 7.

When the average failure loads of the joints obtained by
adding BN particles into MGS-L285 epoxy resin in different
proportions are examined; it is seen that the failure load
increases up to a certain rate depending on the BN particles
additive ratio. The average failure load of the joint obtained by
adding 2% BN into the adhesive has increased by
approximately 40% compared to the undoped joint. In the joints
obtained with 5% BN reinforcement, as a result of the
agglomeration created by the BN particles in the epoxy, the
failure load was reduced by approximately 9%. Failure loads
increased by approximately 8%, 22%, 20% and 5% for 0.5%,
1% and 3% and 4% with BN addition ratio respectively. It has
been observed that with the addition of BN into the adhesive,
the failure load of the joints increases depending on the rate of
addition.

Figure 6: Average failure loads for Araldite 2011 adhesive.

Adding boron nitride nanoparticles to Araldite 2011
adhesive; it is seen from experimental results that an increase in
the failure load of up to 4% doped were shown on single lap
joints (Figure 6). With the addition of 0.5% BN into the
adhesive, the failure load of the bonding joint increases by 11%
and by 21% with the doping of 1% BN. While the biggest
increase in the failure load occurred at the rate of 2% BN, it is
seen that after this rate (3%, 4% and 5%), the failure load
decreased. With 5% BN reinforcement in the adhesive, the
failure load of the joints is reduced by 6%. The reason for this
can be explained as the occurrence of agglomerations with the
increase of BN particles in the epoxy. This state is also seen
when SEM-EDS images are examined (Figure 8 and Figure 9).
As the agglomeration of BN particles occurring in the epoxy
resin creates a notch effect, it causes rapid crack propagation.
In other additive rates, it causes an increase in the failure load
of the joints as the BN particles are dispersed homogeneously
in the epoxy. In the boron nitride particle, the nitrogen atoms
contain more protons than the boron atoms, causing more
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Figure 8: SEM-EDS image of Araldite 2011 adhesive with 2% hBN additive; a)EDS, b)SEM, c)Boron d)Carbon.

303

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

In order to determine the distribution of BN particles in
MGS-L285 adhesive, 2% and 5% BN added adhesive bulk
samples were analyzed using SEM-EDS technique.
It was observed that the particles were partially dispersed in the
adhesive with the addition of 2% BN, and as the ratio increased
(5%), the aggregation of BN nanoparticles was observed
(Figure 10 and Figure 11).
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Abstract - Research, conducted in recent years, has shown that
boron compounds, in particular, can be an important type of
reinforcement in improving the mechanical and thermal
properties of polymer materials. Within the scope of this study
presented, the effect of nanoparticle reinforcement ratio in
adhesives, new adhesive samples were prepared by adding
different proportions (0%, 0.5%, 1%, 2%, 3%, 4% and 5%) of
nano hexagonal boron nitride particles into two different epoxy
adhesives. The prepared samples were characterized by Fourier
Transform Infrared Spectroscopy (FT-IR) and Scanning Electron
Microscopy Energy Disperison X-Ray Sepctroscopy (SEM-EDS)
techniques. SEM-EDS images show that the nano-reinforcement
material is dispersed in the polymer matrix, but as the
reinforcement ratio increases, it cannot sufficiently adhere to the
polymer network. Structural analysis based on FT-IR spectra
show that the permeability values decrease in peak intensities due
to the increase in the reinforcement ratio. As a result of the
obtained findings, it is recommended to make modifications to
nano h-B4C particles for adhering to polymer network
Keywords - Adhesive, Boron Carbide, Epoxy, Nanoparticle,
SEM-EDS.

T

I. INTRODUCTION

HE functionality of materials, which are the basic inputs
of industrial fields such as micro-electronics,
biotechnology and nanotechnology, has a great importance in
our lives. In line with this importance, various studies are
carried out by researchers to investigate and develop materials.
There are several requirements for the production of advanced
materials, especially for the defense, aerospace, microelectronics, communications and automotive industries.In order
to meet these requirements, a multi-disciplinary and processintensive field is required [1].
Polymer nanocomposites, which have a wide range of
applications from structural and coating materials to medical
products and electronic devices, are two-component systems
produced by mixing polymer matrix and nanoparticle in
industry [2,3]. Epoxy resins are widely used in polymer
nanocomposite production [4]. Recent research has shown that
when nanoparticles are homogeneously dispersed within the
epoxy matrix, the resin's mechanical, optical, thermal,
electronic, mechanical or magnetic properties are dramatically
improved. For this reason, the researchers emphasized that
parameters such as size, shape, reinforcement ratio and
chemical composition have a significant effect on
nanocomposite materials and examined in detail the interaction
of nanoparticles in the epoxy matrix [5].
As a result of the researches, it is seen that there are
significant improvements in the mechanical, thermal and
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physical properties of h-B4C / epoxy composites [6]. It was
concluded that h-B4C reinforcement into epoxy could improve
mechanical properties such as toughness and modulus of
elasticity [5,7].
Two-component epoxy adhesives are produced by
polymerization of the oxirane ring, which is the main
component in the epoxy resin, with various curing agents.
Curing agents are also known as hardeners in two component
systems. In addition to the hardener, various additives such as
diluents, plasticizers and accelerators are added to these
systems for various purposes. Examples of common types of
hardeners include aliphatic amines and polyamides, which can
generally cure at room temperature. Amine groups are used for
curing low molecular weight liquid epoxies [12].
FT-IR is an instrumental technique that examines bond
interactions between atoms of materials under infrared
radiation. While infrared light is transmitted over the sample
during analysis, this beam is absorbed by the sample and creates
different vibrations between the bonds in the sample.
The remaining infrared ray is reflected. Since each material is
made up of different atoms, two different molecules do not give
the same spectrum. In this context, FT-IR spectroscopy is a
common technique used to determine the components of
mixtures, functional groups and structures of unknown
materials [13].
In this study, in order to examine the effect of nanoparticle
reinforcement ratio in different proportions (0%, 0.5%, 1%, 2%,
3%, 4% and 5%) of nano-hexagonal boron carbide (h-B4C)
were used in two different epoxy adhesives. New adhesive
samples produced by the addition of particles were prepared. In
order to examine the interaction between epoxy matrix and
nanoparticle in the prepared samples, they were characterized
by Scanning Electron Microscopy and Energy Dispersion XRay Spectroscopy (SEM-EDS) and Fourier Transform Infrared
Spectroscopy (FT-IR) and techniques.
II. MATERIALS AND METHODS
As the polymer matrix, two-component Araldite 2011
(Hunstman, USA) adhesive and hardener and MGS-L285
(Hexion, USA) adhesive and hardener were used. The
nanoparticle, nano h-B4C used as reinforcement material was
VXSSOLHGIURP1DQRJUDIL1DQR7HNQRORML$ù1DQRK-B4C is
spherical, its dimensions are between 40-60 nm and it has
99.5% purity and its SEM image and strucutre are shown in
Figure 1.
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Table 1: Parameters of experiments.
Sample

Figure 1: a) SEM image b) structure of h-B4C particle.

Nano h-B4C particles were reinforced into two different
epoxy adhesives in different proportions: 0%, 0.5%, 1%, 2%,
3%, 4% and 5%, and new adhesive samples were prepared. It is
important to distribute the nanoparticles homogeneously in the
adhesive. For this purpose, in the first stage, nano h-B4C
particles were mixed in approximately 20 ml of acetone for 15
minutes in an ultrasonic homogenizer. In the next step, the
nanoparticles dispersed in acetone were mixed with an
ultrasonic homogenizer for 30 minutes in the epoxy adhesive,
the amount of which was determined according to the mixing
ratio. The prepared nanoparticle epoxy mixture, a hardener ratio
of 100: 80 in weight of Araldite 2011 epoxy adhesives and a
hardener ratio of 100:40 in weight of MGS-L285 epoxy
adhesives was added. This mixture is poured into a specially
designed and produced female silicone mold. New adhesive
samples prepared with Araldite 2011 adhesive poured into
silicone mold were cured for 75 minutes at 60 °C and new
adhesive samples prepared with MGS-L285 adhesive for 35
minutes at 80 °C in the oven. The preparation steps of the
samples are shown in Figure 2 in summary. In order to analyze
the samples produced by SEM-EDS and FT-IR techniques,
their surfaces were sanded, washed with ethyl alcohol and
dried. The contents and codes of the prepared samples are
shown in Table 1 and SEM-EDS and FT-IR samples are shown
in Figure 3.

A-B4C-0
A-B4C-0.5
A-B4C-1
A-B4C-2
A-B4C-3
A-B4C-4
A-B4C-5
M-B4C-0
M-B4C-0.5
M-B4C-1
M-B4C-2
M-B4C-3
M-B4C-4
M-B4C-5

Adhesive
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
Araldite 2011
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285
MGS-L285

Doping ratio
%
0
0.5
1
2
3
4
5
0
0.5
1
2
3
4
5

JEOL JSM-7001F SEM was used to examine the surface
morphology of h-B4C reinforced epoxy adhesives. The surface
of the samples produced with h-B4C was coated with gold (Au)
and palladium (Pd) nanoparticles in order to provide electrical
conductivity on the surface, prevent storage and examine in
detail. Nano h-B4C particles in the epoxy adhesive were
detected by SEM-EDS technique.
Structural analysis of the samples were made using the FTIR technique with the help of Perkin Elmer Spectrum Two
Spectroscopy. Specific bonds of epoxy and h-B4C were
characterized by FT-IR analysis. Each spectrum was acquired
in the wavelength range 650-4000 cm-1 with a resolution of
FPíDQGVFDQVSHUVHFRQG7KHDUHDZKHUHWKHVDPSOHZLOO
be placed and the probe were previously cleaned with the help
of ethanol. Scan results were evaluated with Spectrum Two
software.
Unreinforced epoxy adhesives and reinforced epoxy samples
were analyzed using SEM-EDS to determine the distribution of
nanoparticles in the epoxy matrix. Since the surface of the
samples is polymer and the network structures and
nanoparticles in the epoxy matrix can be observed in detail, they
are coated with gold nanoparticles by plasma method. The
surfaces of the samples were examined. In Figure 4. and Figure
5., 0%, 1% and 5% nano h-B4C reinforced Araldite and MGS L285 adhesives and SEM-EDS images are shown.

Figure 2: Steps for sample preparation.

Figure 3: Samples for FT-IR and SEM-EDS.
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Figure 4: SEM-EDS images of 5% nano h-B4C reinforced Araldite
2011 epoxy adhesive samples (a)EDS (b)SEM(c)Boron (d) Carbon.
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Figure 5: SEM-EDS images of 5% nano h-B4C reinforced Araldite
2011 epoxy adhesive samples a)EDS (b)SEM(c)Boron (d) Carbon.

Figure 8: FT-IR spectra of reinforced Araldite 2011 epoxy adhesive
samples between 900 -1100 cm-1 wavenumber.

Within the scope of this study, the structures and curing
behavior of new adhesive samples produced by reinforcing hB4C particles in different proportions (0%, 0.5%, 1%, 2%, 3%,
4% and 5%) into epoxy adhesive with different properties. It
was investigated using the FT-IR technique. FT-IR spectra
obtained from the analysis are shown in between Figure 6. and
Figure 10. FT-IR peaks are summarized in Table 2.
Figure 9: FT-IR spectra of reinforced MGS L285 epoxy adhesive
samples.

Figure 6: Split FT-IR Spectra of samples.

Figure 10: FT-IR spectra of reinforced MGS L285 epoxy adhesive
samples between 900 -1100 cm-1 wavenumber.

Figure 7: FT-IR spectra of reinforced Araldite 2011 epoxy adhesive
samples.
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Table 2: FT-IR peaks of samples.

Wavenumber (cm-1)
3381
3504
3057
2965
2873
2688
1700
1608
1552
1509
1500
1454
1420
1363
1260
1247
1230,
1036
1190
1050
1035
915
915
840
832
831
772
701
695
685
560

Functional Groups
N-H amine from hardener
O-H stretching (phenol and
alcohol)
C-H stretching from oxirane ring
C-H stretching from CH2
Aromatic C-H
Broad moisture peak
C=O carbonyl peak
Aromatic C=C (ring double bond)
C-B-C bends
Aromatic C-C stretching
Para substituted benzene
Aromatic and aliphatic C-H
B-O stretching vibration
C-CH3
C-N stretching
Aromatic C-O
C-O ether bridge
C-O ether
C-O secondary alcohol
B-B vibrations
Aromatic C-O
C-O from oxirane ring
C-H out of plane bending
B-B vibrations
B-C bonding
C-O-C from oxirane ring
CH2 rocking
B-OH
C-N from hardener
B-B bonding
C-C out of plane ring

III. CONCLUSIONS
According to the results obtained with the SEM technique;
Unreinforced epoxy samples were found to have a flatter
surface than nanoparticle reinforced samples. It has been
observed that some of the voids caused by the network structure
of the polymer on the surfaces are partially filled with
nanoparticles. The unfilled voids seen on the surface indicate
that the interaction in the network structure of the nanoparticle
and the polymer matrix is not complete [14]. SEM-EDS images
obtained from this study show the presence of void regions
welded in the network structure of the polymer on the surfaces.
The voids seen on the surface indicate that the interaction
between the nanoparticle and the polymer matrix is not
complete and there are local agglomerations. It is recommended
to use the modification methods found in the literature to better
clamp the nano h-B4C surfaces to the mesh. Particularly, while
the percentage of nano h-B4C reinforcement increases from 1%
to 5%, partial dispersion is observed.
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According to the results obtained from the FT-IR spectra, it
has been shown that the nano h-B4C, which is specified as nano
reinforcement in the polymer matrix, does not cause any
chemical changes in the network structure and interacts
between the bonds. It is observed that the % transmittance
values decrease in peak intensities due to the increase in the
reinforcement ratio. It can be said that possible interactions in
the spectrum obtained with nano h-B4C reinforcement at
different rates to the two-component adhesive occur between
aromatic groups in the polymer chains and that the
conformational changes and peak stresses based on this shift to
the low energy region. It indicates that the C = C tensions in the
1731-1616 cm-1 band observed as a mixture added with nanoreinforced, h-B4C is distributed in the polymeric matrix. The
results show that the h-B4C particles settle in a certain
proportion. Amorphous polymer matrix prepared with Araldite
2011 and MGS L285 show large peaks in between Figure 6 and
Figure 8. Nano h-B4C shows B-C and BC-B-C peaks at
approximately 832 and 1552 cm-1 wavelengths, respectively
[15,16]. Amine peaks are seen at 3381 cm-1 from Araldite 2011
B hardener [17]. The presence of aromatic C-H bonds
originating from epoxy glue has been observed at wavelengths
of 2965 and 2873 cm-1 [8,17,18]. It indicates that the C = C
tensions in the 1608 cm-1 band range observed in the mixture
with nano-reinforced mixture, h-B4C is distributed in the
polymeric matrix [8,17]. Hardener originated C-N bonds are
seen at 695 cm-1 [15]. The presence of oxirane rings in the
chemical formula of the epoxy at 3057, 915 and 835 cm-1
[8,17,19]. With h-B4C nano reinforcement, in epoxy structure
at 1363, 1190, 1063 and 1036 cm-1 wavelengths, respectively,
C-CH3 (methyl origin), C-OH (secondary alcohol source), CO
(ether sourced) and CO (aromatic ring sourced) bonds it was
observed that peak vibrations changed [8,9,17,19,20].
According to the results obtained from FT-IR spectra, it has
been shown that nano h-B4C, which is specified as nano
reinforcement in the polymer matrix, does not cause any
chemical change in the network structure and interacts between
bonds. It is observed that the % transmittance values decrease
in peak intensities due to the increase in the reinforcement ratio
in Figure 7 and Figure 8. This decreasing provides guidance that
the amount of nano-reinforced materials incorporated into
epoxy can be quantitatively determined using the FT-IR
technique.
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Abstract – A 1.2-liter gasoline spark ignition internal
combustion engine of a Renault Symbol sedan vehicle was
adapted to Liquid Petroleum Gas (LPG) fuel system in 2016. The
LPG system utilize LPG and gasoline fuels according to the
operational needs. After modification, fuel consumption of the
engine, fuel prices per liter, travelled distance in kilometers, dates
and some additional data were recorded till November 2020.
Collected data is processed for derivation of performance and
economy indicators. Literature and web have been reviewed in
order to find related works. Providing a solid application
example of LPG conversion is aimed in this work. Also, a
snapshot of fuel prices between 2016 and 2020 is being presented
by graphical resolution. Approximately 12 to 15 times of initial
investment cost has been returned till November 2020 by the
LPG system. Also, slightly less CO2, i.e. 6%, has been emitted by
the utilization of the system. Time resolution of the data is
provided by graphics and integral data is also given. LPG
conversion is found beneficial in terms of fuel cost. Also, viewed
four years period does not reveal any performance problems in
terms of energy spending per kilometer. However, engine
additional amortization due to LPG system is not considered and
this should be kept in mind.
Keywords – Combustion, consumption, conversion, emission,
fuel cost, gasoline, LPG, internal combustion engine.

T

I. INTRODUCTION

HE fuel consumption has been a hot topic for nearly half
century after fuel crisis in 70s. Prices and environmental
impacts lead to numerous works in order to reduce fuel
consumption or find alternatives. LPG utilization in gasoline
engines not only has operational cost advantage and slight
environmental advantages but also find a solution for a
byproduct of petroleum processing. Some related works in the
context of the present paper are summarized below.
A 1992 Chevrolet Lumina was tested with three different
LPG conversion systems for emissions and economy
according to US Federal Test Procedure [1]. Authors tested
four different fuel blends with the three different LPG kits.
They reported variability between emission values, though
emission amounts and compositions were found proper. In a
similar work, authors used Renault brand gasoline spark
ignition engine in order to test LPG systems in terms of torque
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and exhaust emissions [2]. They reported a decrease of 3% for
torque while exhaust emissions were improved. However, they
studied on engine mapping for best performance. An 80000
km endurance test were stated to be planned for their future
work. In another work, authors tried to analyze the difficulty
of presenting a universal LPG system that regulate all
available vehicles in the market [3]. They compared laboratory
test systems and a simulation with commercially available
conversion kit. The investigated kit uses exhaust oxygen
sensor in order to give feedback to LPG system. Emissions
were studied before and after catalyst convertors. Authors
suggested that additional measures were required for different
vehicles while it was very hard to provide a single kit for all
vehicles. Transferring LPG to combustion chamber is also
investigated since carburetion and injection lead to different
performances [4]. Authors suggested that injecting LPG is
superior comparing to carburetion. LPG blends with biogas
and gasoline is investigated in order to achieve better and
favorable exhaust emissions [5]. However, authors report
serious decrease in brake thermal efficiency and increase in
brake specific fuel consumption. Various market numbers
worldwide also show a tendency for LPG, strengthening its
current position as an alternative [6]. Gumus reported four
different ratios of LPG in spark ignition internal combustion
gasoline engine in order determine engine performance in
respect of exhaust emissions, fuel consumption and volumetric
efficiency [7]. Author states that emissions are favorable with
LPG utilization. However, volumetric efficiency decreases
due to LPG. On the other hand, 25% LPG maintains thermal
efficiency with a lower air to fuel ratio. Erkus et al.
investigated ignition timings to show changes in heavy load
performance of LPG in gasoline engine [8]. Authors suggest
advancing ignition timing to achieve better performance.
However, advancing ignition timing also increases emission,
according to the authors. Mustaffa et al. investigated the
effects of injecting LPG into combustion chamber in liquid
phase and compared results with gasoline [9]. They compare
peak pressure values in combustion chamber. As a result, they
reported better combustion stability with liquid injection of
LPG comparing to gasoline. Liquid injection of LPG is not
compared with gaseous injection of LPG in that work.
According to the literature survey in the present work, it is
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seen that most research are based on controlled laboratory
testing. Therefore, LPG usage data from application and field
for relatively long period of time will be beneficial. This work
provides such data.
In this work, data from 4 years period for LPG usage in
gasoline spark ignition internal combustion engine of a sedan
car is presented. The data consist of fuel prices, travel
kilometers, fuel purchase dates and derived magnitudes.
Following section gives information about the vehicle and the
engine. Method for data collection and derived magnitudes are
provided. In the results part, data depending on date are
presented by graphics. Derived magnitudes are listed. Results
are evaluated in terms of investment and engine performance.
Some conclusions and remarks are given in the last part.
II. TECHNICAL INFORMATION AND METHOD
Present data consist of fuel consumption of 2013 Renault
SR Symbol Joy 1.2 lt 16 valve 75 hp D4F engine type vehicle
between 01.11.2016 and 30.10.2020. Fuel stations were in
Turkey, mostly in Konya. Engine actual volume is 1.149 lt.
Vehicle type is M1 in Turkish standards. The aerodynamic
form is typical to sedan vehicles. Net weight of the vehicle is
1114 kg and maximum allowable gross weight is 1505 kg.
Although engine nominal power is 75 hp, legal permit engine
power is 55 kW.

Figure 1: An illustrative example of the vehicle type and brand.

The vehicle was used without any fuel system modifications
between 02 July 2013 and 01 November 2016. The average
gasoline fuel consumption per kilometer was measured as
0.065 lt/km in that time interval. The reason for keeping
engine without LPG conversion was to protect engine
warranty which was three years from the purchase of the car.
The engine fuel system of the vehicle was modified in order to
add a Liquid Petroleum Gas (LPG) fuel system in November
2016. ATIKER AUTOGAS SYSTEMS & LPG TANKS was
selected as the system manufacturer. The company origin is
Turkey. LPG kit model was MicroFast. SR07 model regulator
took place in the kit. 40 lt LPG storage was selected. Vehicle
total km usage was 62305 km at the time of modification. This
LPG system injects LPG into intake manifold by injectors.
There are four injectors for four cylinders. The LPG system is
very robust in terms of maintenance. Only LPG filter is
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needed to be changed at every 10000 km usage. Also,
parameters in electronic control unit of LPG system is
monitored during maintenance. Maintenance service can
change some parameter values accordingly.
Initial cost of the LPG system was 1,100.00 TL including
labor cost. Since the initial implementation, no operation
anomaly or symptom in engine has been observed. Total
operation time is 1439 days and 86888 km.
Fuel consumption data were comprised by the following
algorithm:
1. Gasoline and LPG fuel tanks are filled completely
for the first time just after LPG conversion.
2. Travel kilometer indicator is reset (set to zero).
3. Next fuel purchase is done in the shortest possible
time, just after the LPG fuel indicator shows the
minimum fuel.
a. LPG and gasoline tanks are filled full.
b. Fuel filling stops when fuel pumps
automatically stop.
c. Travel kilometer, date of the fuel
purchase, fuel prices per liters are
recorded.
d. Travel kilometer indicator is reset (set to
zero).
4. Purchase receipt is numerically, physically and
visually stored.
5. Data occur in step 3 is transferred to a calculator.
6. The amount of fuel purchase in step 3 is related to
the travel kilometer that is recorded in step 3.
7. Fuel costs per kilometer, fuel consumption per
kilometer, total purchase prices, price that would
occur if LPG was not adapted, price differences
between fuels, savings based on LPG system
investment are calculated.
8. Return to step 3.
Step 3-point b is emphasized because this is a good way of
ensuring a limit for fuel tanks to be full at same level with
their previous full levels. LPG pumps have a pressure limit for
stopping. Gasoline pumps stop when fuel level reach to a
height that is almost same each time. Step3-point b is so
important that if there would be, let’s say 10 percent
uncertainty in this level, whole derivatives would have this
uncertainty.
The amount of fuel purchase in step 3 is related to the travel
kilometer that is recorded in step 3 since fuel levels are
returned to their previous level where travel kilometer was set
to zero. Therefore, the purchased amount of fuels corresponds
to the travel kilometer.
The algorithm needs fuel filling to the storages till filling
limit is reached each time of fuel purchases. Nevertheless, if
total sampling period is long as in this work, amount of data
compensates fuel purchase problems relating to mentioned
rule. For instance, gasoline purchase per LPG purchase is
about 2 to 3 liters. Therefore, purchasing gasoline each time
LPG purchased can be burdensome. Again, the data would
compensate skipped fuel purchases if consequent gasoline
purchase would be done fulfilling limit.
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All receipts were recorded. It may be beneficial to mention
that there are several mobile phone applications for this task.
However, author of the present work used MS-Excel in order
to store data and make calculations.
Calculations for economical evaluations are based on data
of Turkish Republic Central Bank (Türkiye Cumhuriyeti
0HUNH] %DQNDVÕ  >10]. Daily currency rates, monthly gold
prices and yearly interest rates are taken from the bank data.
United States Dollar (USD) is selected for the comparison
currency against Turkish Lira (TL). Republic Gold
&XPKXUL\HW$OWÕQÕ SULFHLVXVHGIRUJROGSULFH,QWHUHVWUDWHV
are yearly deposit account interest rates. Pay back periods are
calculated according to changes in currencies, gold prices and
interest rates.
Average weight of 1309.5 kg (average of net and maximum
allowable gross weights) is used for scaling energy
consumption results. This is important since machines cannot
be compared based on their energy consumption without
considering their work outputs. In other words, energy
efficiency is the proper comparison tool. However,
determining the work done by the present vehicle is not
possible with present data, though travel kilometer, average
weight and energy consumption are known. doing travel work
during calculations.
Energy consumption is calculated using lower calorific
values of fuels. Lower calorific values of the fuels were taken
from a web source [11]. It is known that fuel contents and
densities may change according to date and region. Therefore
10% uncertainty exists in derivative results.
Chemical formulas for fuels are assumed as following:
C3 H 8 o LPG

(1)

C8 H18 o Gasoline

(2)

CH 4 o NaturalGas

(3)

Carbon dioxide emission due to the energy conversion by
combustion in engine is approximated by stochiometric
combustion of assumed fuel chemical formulas.
Calculating savings due to LPG conversion investment is
done by considering 0.065 lt/km average gasoline usage,
which is based on measurement before the LPG modification.
The LPG system has an operational life of ten years
according to product catalogue. In the present stage, additional
amortization cost of the engine due to LPG conversion is
absent. Reader should be aware of this fact.
III. RESULTS
Modified vehicle for LPG fuel system has been operating
for 1439 days and 86888 km. 178 sampling (fuel purchases)
have been done for the time interval, which is between
01.11.2016 – 30.10.2020. Considering average weight and
operation kilometer, following results are derived from the
dataset:
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Total energy consumption is 164042.5 MJ based
on lower calorific values of the fuels. 1.44
kJ/kg·km is realized by the modified vehicle.
5388.65 lt LPG, 1012.29 lt gasoline were
consumed. Total liquid fuel consumption is
6400.94 lt. 5.62x10-5 lt/kg·km is realized by the
modified vehicle.
2367.57 kg CO2 was emitted due to LPG fuel.
628.26 kg CO2 was emitted due to gasoline fuel.
Total CO2 emission is 2995.83 kg. 2.63x10-5
kg/kg·km is realized by the modified vehicle.
2949.81 kg CO2 would be emitted if only LPG
was used. Carbon to total weight ratio is assumed
0.81.
3182.97 kg CO2 would be emitted if only gasoline
was used. Carbon to total weight ratio is assumed
0.84.
2612.14 kg CO2 would be emitted if only natural
gas was used. Carbon to total weight ratio is
assumed 0.75.
Fuel liter per kilometer values are: 0.0737 lt/km
for gasoline+LPG; 0.062 lt/km for LPG; and
0.0117 lt/km for gasoline.
Fuel cost per kilometer values are: 0.247 TL/km
for gasoline+LPG; 0.177 TL/km for LPG; and
0.069 TL/km for gasoline.
Total fuel cost of the system is 21,451.00 TL
(15,433.00 TL for LPG and 6,017.00 TL for
gasoline).
Total money savings due to LPG system is
12,756.00 TL or 11.59 times the cost of the LPG
system. Net Present Value (NPV) of the total
savings is 14,116.00 TL based on recent prices;
and 17,195.00 TL based on yearly interest rates.
Saving per kilometer by the LPG system is 0.146
TL/km based on actual spending; 0.162 TL/km
based on recent fuel prices; and 0.197 TL/km
based on yearly interest rates.
Initial cost payback periods are 121 days based on
actual payments; 128 days based on interest rates;
132 days based on currency investment and 135
days based on gold investment.

Figures 2 to 6 are given in order to provide a time resolution
of the collected data. Figure 2 shows fuel consumption in liter
per traveled kilometer. Red marks show dates of gasoline
purchases. Blue marks show LPG purchases. When red marks
are absent while blue ones are present, it means that gasoline
purchase is skipped. Those instances are compensated by
gasoline purchases where green marks (total liter per
kilometer) show a higher value comparing to the average.
Similarly, occasional markers below and above average trends
are due to skipped fuel purchases. Nevertheless, the big
portion of numerous samples constitute o clear trend. There is
a slight decrease in fuel consumption as time passes. Although
the reason cannot be determined without additional work, it is
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thought that LPG utilization may lead to changes to some
extend in mechanical properties of engine parts, especially
combustion chamber.
Figure 3 shows that price gap between gasoline and LPG is
increasing by time. Therefore, savings due to LPG usage is
increasing. There is a linear proportionality as expected.
Figure 4 shows a slight increase in travel cost per kilometer
although Figure 2 shows a slight decrease in fuel consumption
per kilometer. This is due to fuel price increase in TL as
shown in Figure 5 and 6. Gasoline and LPG fuel prices have
been decreasing starting from early parts of 2018 in USD. The
devaluation of TL leads to slight travel cost increase in Figure
4.
IV. CONCLUSION
This work exhibits a particular LPG utilization experience
in a personal gasoline vehicle by means of collected data
during approximately 1500 days interval. Considering the
approach given in second section; following conclusions are
made.
x LPG modification of the gasoline engine is a good
investment that paybacks in one third of one year.
This period is 3% of the operational life of the
LPG system. However, additional amortization
cost of the engine due to LPG conversion is not
known.
x LPG system also offers slightly less carbon
dioxide emissions about 6% comparing to
gasoline engine.
x Fuel consumption of the vehicle decreased slightly
which can be attributed to a possible change in
material properties of the engine. Especially,
surfaces of combustion chamber is thought to be
effected.
x Price difference between LPG and gasoline seems
increasing which leading to increasing savings.
x Although TL/km fuel cost seems increasing,
slightly decreasing fuel consumption and
decreasing fuel prices based on USD shows a
potential for LPG.
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V. DISCLOSURE
All data, derived results and evaluations are based on free,
individual and self-experiences. Data and results are
subjective and cannot be generalized. None of the content is at
a state of binding for any individuals or institutions of any
kind. In the present stage, additional amortization cost of the
engine due to LPG conversion is absent. Reader should be
aware of this fact.
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Figure 2: Liter per kilometer fuel consumption.

Figure 3: Price difference between LPG and gasoline; and savings per period.
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Figure 4: Fuel cost per kilometer.

Figure 5: LPG cost per liter.
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Figure 6: Gasoline cost per liter.

E-ISBN: 978-625-44427-4-2

316

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

An Investigation of Factors Affecting
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Abstract - In the study, the machinability of the Toolox 44 (44
HRc) hot work tool steel material, which is used in military land
vehicles and produced as pre-hardened (with four different feed
rates, four different cutting speeds and two different depths of cut
parameters) was investigated using milling method. According to
the Taguchi L32(42x21) experimental design, physical tests were
carried out in which response values of cutting force and surface
roughness were obtained. In the chip removal process, a single
type TiAlNi coated carbide cutting tool was used, and the cutting
forces were measured with a Kistler 9257B type dynamometer and
the surface roughness was measured with a Mahr (Marsurf PS1)
table type roughness device. Statistical analysis was made
depending on the "lowest and best" objective function through the
Minitab 18 package program. It was concluded that the optimum
processing parameters obtained as a result of the experimental
study were 180 m/min cutting speed, 0.4 mm chip depth of cut and
0.4 mm/tooth feed rate. In addition, the lowest surface roughness
value was obtained as 0.533 μm and the highest surface roughness
value was obtained as 3,126 μm. In cutting forces, the highest value
was obtained as 410.7 N and the lowest cutting force value as 16.3
N. In addition, according to the results of ANOVA analysis
applied, it was observed that the most effective factor on Fz was
the amount of feed rate, while the most effective factor on Ra was
the cutting speed.
Keywords - TOOLOX 44, Milling, TAGUCHI Method, Surface
Roughness, Cutting Force.

I. INTRODUCTION
Machining is one of the most common methods used to make
raw materials into the desired end product, give the final shape,
and remove undesirable places in the raw material. The
hardness of the cutting tool used in machining to reach the final
product should be higher than the cut material. Turning,
milling, threading and drilling etc. used in industry machining
principles are taken into account in all of the operations.
Nowadays, especially milling operations are widely
preferred in the industry due to their high axial movement
ability. The cutting tool used in milling has more than one
cutting edge and cutting edge, and each has a chip removal
capacity from the material. With this method, it is easier and
more advantageous to make the chip removal process from the
material more efficient, to have a smaller surface roughness
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value, to perform more precise processes and to produce
products within tolerances [1].
Face milling, which is one of the milling processes, has a
wide area of use in the machining sector, in the production of
machinery and parts, in the aviation, automotive and defense
industries. For this reason, the face milling method is widely
used [1,2]. Since the quality of the surface that occurs as a result
of the face milling process is a factor that significantly affects
the production costs and the quality of the product, the study
was also examined through this method [3].
The most important factors in performing machining are
processing parameters. These parameters are cutting speed,
feed rate and depth of cut. Every change in these parameters
causes changes in the cutting force. Cutting force increases as
the feed and depth of cut increase. As the cutting speed
increases, the cutting force decreases. For this reason, these
parameters should be selected well during the milling process
[4]. These parameters are also the most important parameters
that determine the machinability of the material. Other factors
affecting machinability are the vibration of the machine, the
hardness and ductility of the workpiece material, the geometry
of the cutting tool material and the cutting conditions [5].
Predictive studies are carried out to obtain appropriate
parameter combinations and to determine the interactions
between processing parameters [6]. Considering the industrial
conditions, it is an efficient and important approach to apply
estimation technique and experimental design methods in order
to ensure that the experimental working time is limited and the
economic conditions can be done in the most efficient way and
the results obtained can be interpreted correctly and the
relationships between parameters can be determined. In
addition, all other methods applied in order to increase
productivity and quality have a guiding and supportive role.
Important considerations in experimental estimation design
technique are reliability, cost, and sensitivity [7-9]. Taguchi
method is the statistical method used to obtain the best
experimental results with a minimum number of experiments.
Thus, cost and time savings are achieved by reducing the
number of experiments [3,10,11]. Because of these advantages,
it is the most widely used experimental design method by
researchers to determine the relationships between different
levels of different parameters [6,12].
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In this study, the effects of depth of cut, cutting speed and
feed rate parameters on cutting force and surface roughness
were evaluated using Taguchi method in milling Toolox 44 hot
work tool steel. ,Q WKH H[SHULPHQWV 7DJXFKL /32 orthogonal
array was used, and the optimization studies determined the
most suitable processing parameters giving the lowest cutting
force and surface roughness of the control factors. In addition,
the interaction of all control factors with each other was
determined by signal to noise ratio (S/N) and analysis of
variance (ANOVA).
II. MATERI$/6 AND METHOD
Machinability experiments of the study were carried out
using the Johnford VMC-550 vertical machining center bench.
Toolox 44 steel used in experimental studies is used in the
production of plastic injection molds, forming and cutting
molds, metal injection molds, hot tool steels and hot forging
molds. The chemical composition of Toolox 44 material is
given in Table 1 and its mechanical properties are given in
Table 2.
Table 1: Chemical composition [13].
Material
Toolox44

C
0,30
S
0,0009

Si
0,61
Cr
1,23

Mn
0,89
Ni
0,66

P
0,010
Mo
V
0,79 0,145

Table 2: Mechanical properties [13].
Tensile
Strength Rm
N/mm2
min. 1380

Yield
Strength Rp
0,2 N/mm2
min. 1200

Elongation
%

Hardness
HBW

min. 10

min. 410

As the cutting tool used during the experimental studies,
TiAlN coated carbidHFXWWLQJWRROVXVLQJWKH.(11$0(7$/
:3*;/'SK\VLFDOFRDWLQJPHWKRGDQGWKHWRRO
KROGHU FRGHG <5$6:3/ ZHUH XVHG
Measurement of surface roughness (Ra) was measured with
Marsurf PS1 brand table surface roughness device, which uses
tracer tip instruments method. After each experiment, surface
roughness measurements were made from 3 different points of
the processed surface and their average values were used for
evaluation. Cutting forces were measured by using a Kistler
9257B type dynamometer.
Experiments were carried out under 2 different depths of cut,
4 different cutting speeds and feed rates and dry cutting
conditions. Processing parameters in the experiments are given
in Table 3.
Table 3: Machining parameters.
Material
Toolox 44

Deep of cut
(mm)
0,2-0,4

Feed rate
(mm/tooth)
0.4-0.8-1.2-1.6

E-ISBN: 978-625-44427-4-2

Cutting speed
(mm/dk)
150-180-210-240

The experimental design was carried out using the Taguchi
/32 orthogonal array with the processing parameters in Table 3.
7DJXFKL/32 experiment design (first 3 columns) and physical
test results (4th and 5th columns) prepared with Minitab 18
software are given in Table 4.
III. TAGUCHI METHOD
The main factor that makes up the difficulty of experimental
studies is the experimental designs that contain combinations of
processing parameters. Experimental sequences that can occur
depending on the number of parameters can produce extremely
complex and time-consuming results. This increases
manufacturing costs and decreases productivity [14].
Taguchi method; It is widely used in engineering analysis
due to the reduction in the number of experiments and lowering
production and test costs. However, it offers a simple, efficient
and systematic approach to determining optimum processing
conditions [15,16]. The criterion used to measure and evaluate
quality characteristics in the Taguchi experimental design
method is the S/N ratio. S (Signal) indicates the actual value
given by the system and desired to be measured, and N (Noise)
indicates the share of uncontrollable unwanted factors in the
measured value. There are 3 types of S/N ratios [17]. These are
given in equations 1, 2 and 3.
)

The nominal-the best: S/N=10log ( /

(1)

The larger-the better: S/N=-10log (1/n

)

(2)

The smaller-the better: S/N=-log (1/n

)

(3)

In the equations; the average of the observed data,
the
variance of y, n the number of observation experiments and y
the observed data [18].
IV. (;3(5,0(17$/ 5(68/76 AND DISCUSSION
The cutting force values and average surface roughness
values obtained as a result of the experimental designs and
experimental studies are given in Table 4.
Table 4: Taguchi L32 orthogonal experiment design and
experimental results.
Deep
of Cut
(mm)
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

Feed Rate
(mm/tooth)
0,4
0,4
0,4
0,4
0,8
0,8
0,8
0,8
1,2

Cutting
Speed
(mm/dk)
150
180
210
240
150
180
210
240
150

Surface
Roughness
Ra (Pm)
0,946
0,533
0,952
2,127
1,691
1,184
1,454
1,616
2,264

Cutting
Force
(N)
198,3
143,3
103,9
16,3
218,5
153,3
117,3
58,2
294,4
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0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4
0,4

1,2
1,2
1,2
1,6
1,6
1,6
1,6
0,4
0,4
0,4
0,4
0,8
0,8
0,8
0,8
1,2
1,2
1,2
1,2
1,6
1,6
1,6
1,6

180
210
240
150
180
210
240
150
180
210
240
150
180
210
240
150
180
210
240
150
180
210
240

3,126
1,013
1,876
2,448
2,806
2,585
2,067
0,583
0,612
0,677
0,551
2,236
2,216
2,280
2,175
2,010
1,937
1,556
1,991
2,655
2,768
2,565
2,094

255,2
201,3
175,6
292,4
339,4
303,6
271,3
212,6
198,7
178,1
150,8
316,5
279,1
263,9
247,9
359,5
326,8
340,6
293,5
370,8
410,7
368,0
316,6

The parameter with the highest Delta values given for each
level in Table 5 and Table 6 has the greatest effect on surface
roughness and cutting force. The effect rankings are expressed
as Rank in the table. Accordingly, in order to reach the optimum
Ra level, it was determined that the possible parameter
combination is 2nd level depth of cut, 1st level feed amount and
3rd level cutting speed. /LNHZLVH LW ZDV GHWHUPLQHG WKDW WKH
ideal parameter combination for the cutting force is the 1st level
cutting depth, 1st level feed and 4th level cutting speed.
In Figure 1 and Figure 2, graphs of S/N ratio responses for
Ra and cutting force are given. The places where the slopes
found on the graphs are the highest show the effectiveness
levels of the parameters.
2.167

-3.372

-3.990

In order to determine the optimum combinations of
processing parameters, an experimental design was carried out
orthogonally in order to share the effect levels of each
parameter. In the study, in order to find the optimum points of
the processing parameters, the S/N ratios were determined by
considering the smaller-the better quality characteristic
objective function (Table 5 and Table 6) [19].

Figure 1. S/N chart for Ra.
-41.84

-42.99

-44.22

Table 5: Average S/N response for Ra.
/HYHO

Depp of Cut
(mm)

Feed Rate
(mm/tooth)

Cutting Speed
(mm/min )

1

-4,219

2,167

-4,475

2

-3,990

-5,157

-4,012

3

-

-5,525

-3,372

4

-

-7,902

-4,559

Delta

0,228

10,070

1,186

Rank

3

1

2

Table 6: S/N response for cutting force.
/HYHO

Depp of Cut
(mm)

Feed Rate
(mm/toot)

Cutting Speed
(mm/min )

1

-44,22

-41,84

-48,81

2

-48,92

-45,30

-47,88

3

-

-48,74

-46,61

4

-

-50,40

-42,99

Delta

4,70

8,56

5,82

Rank

3

1

2

E-ISBN: 978-625-44427-4-2

Figure 2. S/N plot for cutting force.
In the study, the ANOVA analysis method was used to
determine and express the interactions of the processing
parameters and control factors with each other more clearly and
numerically (Table 7 and Table 8) [18].
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Table 7. ANOVA analysis for Ra.

Deep of Cut (mm)
Feed Rate
(mm/tooth)
Cutting Speed
(mm/min)
Deep of Cut
(mm)*Feed Rate
(mm/tooth)
Deep of Cut
(mm)*Cutting
Speed (mm/min)
Feed Rate
(mm/tooth)*Cuttin
g Speed (mm/min)
Error
Total
R2=%92 40

Df

SS

MS

F

p

1

0 417
151 69
1

0 07

0 791

3

0 417
455 07
2

27 11

0 000
0 741

3

7 108

2 369

0 42

PCR
(%)
%0 000
6
%68,70
%1 07

0 050
3

64 665

21 555

3 85

%9 76
0 550

3

12 571

4 190

0 75

%1 89
0 300

9
9
31

72 156
50 362
662 35
3

8 017
5 596

1 43

%10 89
100

Table 8: ANOVA analysis for cutting force.

Deep of Cut (mm)
Feed Rate
(mm/tooth)
Cutting Speed
(mm/min )
Deep of Cut
(mm)*Feed Rate
(mm/tooth)
Deep of Cut
(mm)* Cutting
Speed (mm/min)
Feed Rate
(mm/tooth)
*Cutting Speed
(mm/min)
Error
Total
R2=%92 70

been concluded that the parameter that has the least effect on
the cutting force is the depth of cut * feed rate with a ratio of
4.5%. The error occurred as a result of ANOVA analysis
remained at 7.68% in surface roughness and 7.32% in cutting
force. According to both surface roughness and shear force
ANOVA results, it was determined that the most effective
parameter was the feed rate.

Df

SS

MS

F

p

1

176 47

176 468 22 99

0 001

3

346 68

115 560 15 05

0 001
0 011

3

156 42

52 142

6 79

PCR
(%)
%18 6
5
%36,6
4
%16,5
3

0 209
3

42 59

14 197

1 85

%4 5
0 095

3

66 47

22 156

2 89

%7 02
0 360

9
9
31

88 37
69 09
946 10

9 819
7 677

1 28

%9 34

In Table 7 and Table 8, p values expressing the significance
level of the results of each variable, degree of freedom DF, sum
of squares SS, mean of squares MS, F values and PCR
percentage effect rates are given. In ANOVA, it is decided
whether each parameter is effective on each other or not by
looking at the p value. Considering the 95% confidence
interval, it is concluded that the parameter is effective on the
response when p<0.05 (5% significance value). The effect
of control factors is determined by comparing the F values.
Whichever factor has the highest F value, it is the factor that
affects the result the most [2]. In this case, as a result of the
examination of Table 7, it was concluded that the most effective
parameter for Ra was the feed rate with 68.70% and the feed
rate * cutting speed with 10.89%. It has been concluded that the
least effective parameter is the depth of cut with 0.0006%. In
the Anova analysis of the cutting force in Table 8, it was seen
that the most effective parameters were the feed rate with
36.64% and the depth of cut with 18.65%, respectively. It has

E-ISBN: 978-625-44427-4-2

V. &21&/86,21
In this study, surface milling process was performed on
722/2;  PDWHULDO XQGHU GU\ FXWWLQJ FRQGLWLRQV 7DJXFKL
method was used to determine the optimum machining
conditions and ANOVA was used for statistical analysis results.
The results of the study are listed below:
1. With the help of the graphs of the mean S / N ratios of the
optimum levels of the control factors, the optimum
parameter combinations for the surface roughness were
found as the depth of cut 2nd level, the feed rate 1st level
and the cutting speed 3rd level.
2. With the help of the graphs of the mean S / N ratios of the
optimum levels of the control factors, the optimum
parameter combinations for the cutting force were found as
1 for depth of cut, 1 for the feed rate and 4 for the cutting
speed.
3. According to the results of the statistical analysis, it was
concluded that the most effective factor (68.70%) on the
surface roughness was the feed amount and the least
effective (0.0006%) factor was the depth of cut.
4. According to the results of the statistical analysis, it was
concluded that the most effective factor (36.64%) on the
cutting force was the feed rate and the least effective (4.5%)
factor was the depth of cut * feed rate.
5. It has been concluded that Taguchi method is an efficient
method for the analysis and optimization of surface
roughness and cutting force occurring in machining
processes.
VI. $&.12:/('*(0(17
The data used in this study were taken from the Master's
study titled " An Investigation into the Machinability of Hot
Work Tool Steel 722/2; E\%LQDOLAlso, this work was
supported by Scientific Research Projects Coordination Unit of
Karabük University. Project Number: KBÜ-BAP-15/2-</-043
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Abstract - The main goal of this project is to propose a
powerful decision-making process to evaluate the hybrid
renewable configurations in various applications. To this end, for
the first time, the two methodologies of HOMER Pro software
and exergy analysis are integrated. In this study, technoeconomic analysis for the rural electrification purpose is
investigated. Accordingly, several combined energy systems
consist of Photovoltaic panels (PV), Wind Turbines (WT),
Battery banks (Bat), and Diesel Generator (DG) are technoeconomically investigated. Also, to improve technical evaluation
of suggested hybrid renewable systems, the detailed exergy
analysis is conducted for each component and the whole system.
The results illustrated that the cost of energy and net present cost
of best scenario are 0.17 $/kWh and 168378 $, respectively. The
overall exergy efficiency and exergy destruction rate of optimum
configuration (PV/WT/DG/Bat) are accounted for 25.96% and
303206.86 kWh/year, respectively. Also, it was found that 88.68%
of the overall exergy wasting occurred in the PV modules.
Correspondingly, to diminish the exergy wasting of the system,
utilization of different common solar tracker is examined. To
investigate the cost-effectiveness of each proposed tracking
system, the Cost-Effective Index (CEI) is defined. The more the
CEI, the more the cost-effectiveness of energy configuration. The
vertical tracking system with a capacity of 20.1 kW PV has the
greatest value of CEI (13.49), as a result, this system is the most
cost-effective option. By employing this configuration, the overall
exergy efficiency increases to 32.14%, and the overall
irreversibility rate reduces to 224054.14 kWh/year. Finally, the
parametric sensitivity analyses regarding the economic factors,
exergy parameters, and renewable resources are conducted to
generalize the outcomes of this project to other rural areas.
Keywords - Rural Electrification; Hybrid Renewable System;
Exergy Analysis; Economic Analysis; Solar Tracking;

I. INTRODUCTION
In recent years, most rural areas of Iran have been electrified,
but there are still small villages in deprived cities that need the
energy to develop and improve resident’s quality of life [1]. In
recent years, technico-economic optimization studies for such
areas have been conducted using hybrid systems analysis
tools. However, due to the reliance on software capabilities,
the exergy aspect of hybrid systems has not been considered.

E-ISBN: 978-625-44427-4-2

Sinha and Chandel [2] compared different software tools and
concluded that with highest usage rate in the field of hybrid
renewable systems optimization, HOMER software is the
most popular tool between researchers. They also stated that
this software has suitable speed and accuracy compared to
other techno-economic optimization methods. Li et al. [3] by
using HOMER software designed a PV/WT/biogas/battery for
power supply of a rural village in west China. Their results
show that the proposed hybrid system with the installation
capacities of 104 kW PV, 30 kW WT, 50 kW bio generator,
331 kWh battery, and 99 kW converter can economically
make the village independent of the grid transmission lines by
0.201 $/kWh cost of energy. In another study, Ramesh and
Saini [4] used of PV/WT/DG/Hydro turbine/battery to supply
power in an Indian remote area. Their result showed that the
proposed hybrid system can cover the electricity demand with
about 0.162 $/kWh cost of energy. Also, they illustrated that
for such stand-alone system using of lithium-ion batteries
instead of lead-acid ones can reduce the system costs by about
30%. Johannsen et al. [5] investigated a PV-WT mini grid for
rural electrification in Kenya. They showed that the
combination of diesel generator with battery bank can reduce
the cost of energy from 0.594 to 0.585 for a combined energy
configuration with more than 99 renewable fractions. These
results illustrate the importance of using a back-up energy
source such as DG in hybrid renewable systems. H. Caliskan
et al. [6] evaluated the exergetic performance of a combined
renewable system based on power and hydrogen production.
This hybrid system is composed of wind turbine, PV module,
electrolyzer and PEMFC. It was found that the highest and
least values of exergy efficiency belonged to the wind turbines
(71.7%) and photovoltaic panels (9.67%), respectively. A
detailed exergy evaluation and sensitivity analysis are
conducted for a combined PV-wind system with hydrogen
storage [7]. The gained findings illustrate that electrolyzer
with 68.75% of exergetic efficiency has an acceptable
performance. Also, the sensitivity of the exergy efficiency of
the PV according to the variations of solar radiation is more
than ambient temperature. Energy and exergy analyses are
applied to a hybrid renewable system for hydrogen and power
generation in island, Bozcaada [8]. The excess electricity
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generated by renewable systems is used in electrolyzer for
hydrogen production. It was denoted that about 35.48% of the
input exergy (13848.18 kWh/day) is destroyed in PV panel.
Also, electrolyzer unit has the greatest amounts of energy
efficiency (59.68%) and exergy efficiency (60.26%).
According to the presented literature reviews, the combination
of exergy concept and HOMER Pro software could be a useful
tool for the assessment of technical and economic aspects of
hybrid renewable systems. In this investigation, for the first
time, this novel approach is used to assess the hybrid
renewable energy configurations for rural electrification.
Based on the electricity demand and local renewable
resources, several combined energy systems are simulated and
proposed. Then, the optimum scenario is introduced. The
exergy assessment is employed for each device and the entire
hybrid system. Based on the obtained exergetic parameters,
the outcomes of the exergy analysis indicated that for
improving the system performance, the utilize of different
tracking systems could be a suitable solution. Finally, to make
the obtained outcomes generalized, the parametric analyses
are conducted concerning some factors, e.g., the economic
conditions, the exergetic indicators, the renewable component
cost, and the local renewable resources potential.
II. METHODOLOGY
TLQJ ƍƎ1  ƍƎ(  LV D UHPRWH YLOODJH ORFDWHG
LQ WKH 6LVWDQ  %DOXFKHVWDQ SURYLQFH 7KLV UXUDO DUHD KDV QR
access to the grid. Accordingly, the utilization of the combined
renewable system can be considered as one of the effective
solutions for electricity supply. Figure 1 demonstrates the
monthly average solar radiation and clearness index for Ting
village. This rural area with average annual radiation of 5.53
kWh/m2/day has appropriate solar energy potential. The
largest amount of radiation is about 7.12 kWh/m2/day in June
and the lowest radiation is about 3.49 kWh/m2/day in
December. Figure 2 indicates the monthly average wind
velocity and ambient temperature for Ting village. The highest
and least wind speed are associated with June (6.76 m/s) and
November (5.09 m/s), respectively. The yearly mean wind
velocity is 6.05 m/s. The maximum and minimum values of
ambient temperature occurred in the July (31.88 °C) and
January (10.42 °C), respectively. The mean ambient
temperature of this area is 22.23 °C. So, there is no
undesirable temperature
effect for the PV modules.
p

Figure 1. Average solar radiation and clearness index for the selected
area.
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Figure 2. Average wind speed and ambient temperature for the
selected area.

The main financial factors provided by this software are
introduced below:
The Net Present Cost is considered as the present value of all
the costs that it incurs over the lifespan of the project, minus
the salvage cost at the end of the project lifespan. This
economic indicator can be expressed as follows:
(1)
In which,
($/year) implies to the overall annualized
cost. CRF is the Capital Recovery Factor which could be
computed as follows:

(2)
In the above definition, n and i (%) are related to the project
lifespan and annual real interest rate, respectively.
The annual real interest rate depends on inflation rate f (%)
and nominal interest rate
which could be formulated
as follows:
(3)

In this research, the lifespan of the project is considered to be
20 years, as well as, the inflation rate and the discount rate are
15% and 18%, respectively [9].
The average cost per useful power produced by an energy
configuration is defined as the Cost of Energy (COE). This
index is utilized for evaluating the cost-effectiveness of the
energy configuration and can be determined as below:
(4)
(kWh/year) represents the annual energy
In which
generated.
The technical and economic specifications of the components
are available in Table 1.
Table 1. The properties of the components utilized in simulations
[10].
Generator model
Generic Small Genset (size-your-own)
Diesel fuel price ($/L)
0.1
25
Minimum load ratio (%)
15000
Generator lifespan (h)
Capital cost ($/kW)
450
425
Replacement cost ($/kW)
2 0FRVW K
0.02
AWS HC 1.5kW
Turbine model
3RZHUFRHI¿FLHQW &P)
0.45
Turbine lifespan (year)
20
2.2
Cut-in speed (m/s)
12
Cut-out speed (m/s)
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Capital cost ($/unit)
Replacement cost ($/unit)
PV model

Temperature FRHI¿FLHQW
(%/ C)
Panel lifespan (year)
NOCT ( C)
Capital cost ($/kW)
Replacement cost ($/kW)

configuration are 25.96% and 303206.86 kWh/year,
respectively. So, the main origin of exergy wasting must be
determined. Table 2 illustrates the exergetic parameters for the
suggested hybrid systems.

3000
2700
30
Sharp ND-250QCS
15.3
Flat plate
-0.485
20
47.5
1300
1300
1% Capital

The main target of the exergy-based concept is to identify
weak points of the thermodynamic systems where the devices
do not effectively consume energy and waste it. The second
stage after specifying the components with the highest values
of irreversibility is finding the solutions for reducing the
exergy wasting of the system. By considering control volume
around each component and the entire system, the exergetic
outputs, such as exergy efficiency, irreversibility rate, and
sustainability index are computed. For each unit, the exergy
efficiency and destroyed exergy can be formulated as below:
(5)

Table 2. The exergetic parameters for suggested energy scenarios.
Overall Exergy Efficiency
Annual Exergy Destruction
Scenario
(%)
(kWh/year)
25.96
303206.86
Vertiacl (C)
27.93
286837.83
Horizantal (C)
27.03
295401.59
2 Axes (C)
29.12
278939.20
32.14
224054.14
Vertiacl (O)
Horizantal (O)
28.64
250500.43
2 Axes (O)
34.38
197499.02

Figure 3 exhibits the pie chart for exergy destruction rate of
the optimum system. It can be seen that the highest share in
the total irreversibility rate is associated with PV modules
(88.68%), followed by the wind turbines (7.83%). So, the
photovoltaic panels have the most outstanding role in the
exergy wasting of the system. By improving the operating
conditions of PV modules, the performance of the overall
system is considerably improved. In this investigation, to
improve the exergetic parameters (technical aspect) of the
hybrid energy system, the use of three types of tracking
systems is recommended.

(6)

The total exergy efficiency and exergy destruction rate for this
combined energy system can be formulated as follows:
(7)

(8)
With the application of each type of tracker, the overall cost of
the system increases. So, it must be determined which tracking
method increases the exergy efficiency more than the price
increase. This techno-economic indicator, which is the result
of the integration of exergy analysis and HOMER Pro
software, could be formulated as follows:
(9)
It can be noticed that CEI is defined as the ratio of the
percentage difference of exergy efficiency to the percentage
difference of COE.
III. RESULTS AND DISCUSSIONS
The hybrid system comprised of 26.4 kW PV, 8 units WT, 5
kW DG, and 91 units Bat is the optimum option. The COE
and NPC of this scenario are 0.17 $/kWh and 168378 $,
respectively. Due to the application of the DG as the backup
unit, the Renewable Fraction (RF) is not 100%, and the
amount of 18831 kg/year CO2 is emitted. Now, the technical
performance of this hybrid system must be evaluated by the
exergy method. Table 8 represents the results of the exergy
analysis. The exergetic calculations illustrated that the total
exergy efficiency and exergy destruction rate of this
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Figure 3. The contribution of components to the overall exergy
destruction for the optimum scenario.

Figure 4 states the influence of tracking systems on PV
production and the exergy destruction rate. At a constant PV
capacity (26.4 kW), with the utilize of horizontal, vertical, and
dual axes trackers, the PV electricity production increases, by
7.79%, 21.37%, and 32.18%, respectively. Also, the highest
reduction in exergy wasting is related to the two axes tracker
(247599.48 kWh/year). Amongst the all suggested modes, the
lowest value of the irreversibility rate belonged to the dual
axes tracker with a PV capacity of 17.8 kW. It can be deduced
that dual axes system is the most efficient option, followed by
the vertical tracker. Figure 5 exhibits the relationship between
COE and the exergy efficiency of different tracking modes. It
can be shown that at the constant capacity of PV modules
(26.4 kW), the dual axes tracking system has the greatest
exergy efficiency (29.12%), but by using this tracking system,
the COE increases by 12.35% compared to the optimum
scenario. On the other hand, when vertical tracking is utilized,
with an increase of 5.88% of COE, the exergetic efficiency
increases to 27.93%. So, the cost-effectiveness of suggested
tracking modes must be evaluated.
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but this configuration is the second cost-effective option
(CEI=6.89). Also, the amounts of CEI for the suggested
horizontal tracking systems are low, which indicates these
scenarios do not significantly increase exergy efficiency
relative to the cost of the overall system. Based on the figure
20, the horizontal tracking system is not cost-effective neither
as constant solar capacity nor as optimizer mode.

Figure 4. The mounts of PV energy production and exergy
g methods.
destruction in different tracking

Figure 7. The values of CEI for different solar tracking modes.

IV. CONCLUSIONS

Figure 5. The exergy efficiency and COE of the different tracking
methods.

Figure 6 (a) demonstrates the impact of alternation in the PV
and WT capital costs on the overall NPC. It can be shown that
with a 30% increase in capital costs of PV and WT, the overall
NPC increases to 190283 $. At the same time, a 30% decrease
in both costs causes the overall NPC reduces to 152286 $.
Accordingly, the capital cost of the renewable components can
be considered a crucial factor for investors. Figure 6 (b)
represents the sensitivity heat map regarding the impact of
nominal discount rate and expected inflation rate on overall
NPC. Actually, at a certain amount of the nominal discount
rate, by increasing the inflation rate, the NPC increases which
consequently will decrease the cost-effectiveness of the use of
vertical tracking system. In fact, lower inflation rate leads to
more economic feasibility of system.

a) Wind turbine capital cost Vs. PV capital cost

b) Inflation rate Vs. nominal discount rate

1

Figure 6. NPC sensitivity analysis for the optimum scenario in
vertical tracking mode.

Figure 7 represents the magnitudes of CEI for different
tracking systems. As the value of CEI increases, the costeffectiveness of the hybrid system increases. It can be shown
that the highest value of CEI is associated with the vertical
tracking mode with a capacity of 20.1 kW PV (13.49).
Consequently, this configuration is the most cost-efficient
alterative option for the optimal scenario. Although the
greatest exergetic efficiency belonged to the Dual Axes (O),
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This investigation attempts to determine a cost-effective
hybrid energy system for a remote village. For implementing
the comprehensive techno-economic evaluation for the
proposed energy configurations, the exergy analysis is linked
to the HOMER Pro simulator. The most noticeable findings of
this project can be categorized as follows:
x In order to provide the electricity demand of Ting
village (176 kWh/day), the hybrid energy system
comprised of 26.4 kW PV, 8 units of WT, 5 kW DG,
and 91 units of Bat is chosen as the optimal scenario.
The amounts of NPC and COE for this scenario are
calculated to be 168378 $ and 0.173 $/kWh,
respectively.
x Based on the performance analysis, this combined
system has an exergetic efficiency of 25.96% and an
irreversibility rate of 303206.86 kWh/year. Also, the
largest contribution to the overall exergy wasting
occurred in the PV modules (88.68%), followed by
wind turbines (7.83%).
x Technically, the dual – axis tracking system composed
of 17.8 kW PV, 10 units of WT, 5 kW DG, and 85
units of Bat is determined as the most efficient
configuration. The overall exergy efficiency and
irreversibility rate of this hybrid configuration are
computed to be 34.38% and 197499.02 kWh/year,
respectively.
x The highest value of CEI (13.49) is related to the
vertical tracking system with a capacity of 20.1 kW
PV. Therefore, this configuration is the most costeffective option compared to the no tracking system.
With the application of the vertical tracker, the
exergy destruction of PV reduces by 27.77%, and the
mean sustainability index increases by 2.65%. The
least values of CEI belonged to the horizontal
tracking systems. Actually, the horizontal trackers
showed the lowest economic efficiency.
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Abstract - Fuel cells are electrochemical energy conversion
devices that offer a high-efficiency and low-emission alternative to
internal combustion engines (ICE) in-vehicle applications. Among
the types of fuel cells, the polymer electrolyte membrane (PEM)
fuel cells are particularly suitable for use in passenger vehicles,
such as cars and buses due to their fast startup time, low operating
temperatures, and favorable power-to-weight ratio. In this study,
a PEM fuel cell has been modeled by using Engineering Equation
Solver (EES) software and then has been optimized using the
Genetic algorithm-based optimization method. In order to
maximize the energy efficiency, the influences of the electrode area
(cross-sectional) of PEM, the thickness of PEM, the cell width, the
number of cells in series per stack, the total current of the stack,
and operating temperature as independent variables on the energy
efficiency as the objective function have been investigated. The
results showed the energy efficiency increases by increasing the
electrode area (cross-sectional) of PEM and the number of cells in
series per stack and decreases by increasing the thickness of PEM,
cell width, and the total current of the stack. Moreover, at optimal
values of independent variables, the energy efficiency can be
reached about 54%.

Keywords - automotive, PEM fuel cells, Genetic Algorithm,
Energy efficiency

F

I. INTRODUCTION

UEL cells are kinds of electrochemical energy conversion
devices, which convert fuel’s chemical energy to power.
These devices are more efficient than internal combustion
engines (ICEs) in converting fuel’s energy to power.
Furthermore, the emissions of them are fewer than ICEs.
Therefore, they have a high potential to be a good replacement
for ICEs in vehicles [1].
In a fuel cell, fuel (e.g., hydrogen gas) and the oxidant (e.g.,
oxygen gas from the air) are used to generate electricity, while
heat and water are typical by-products of the fuel cell operation.
A fuel cell typically works on the following principle: as the
hydrogen gas flows into the fuel cell on the anode side, a
platinum catalyst facilitates oxidation of the hydrogen gas
which produces protons (hydrogen ions) and electrons. The
hydrogen ions diffuse through a membrane (the center of the
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fuel cell which separates [2, 3].
Today, several in-plant aircraft, automobiles, spacecraft and
similar vehicles use efficient fuel cells. Between different types
of fuel cells, the polymer electrolyte membrane fuel cells
(PEMFC) have shown special characteristics for employing in
transportation, portable, and stationary applications. This
system has low emission, high efficiency, low (60-90 )
operating temperature, and has no harmful by-products [4, 5].
According to what is mentioned, since polymer electrolyte
membrane fuel cells efficiently can produce high power
density, therefore this technology is potentially attractive for
employing in automotive applications. Unlike residential and
stationary fuel cells, automotive PEMFCs undergo the entire
slew of aggressive variable loads and environmental conditions
that are typically experienced by conventional ICEs. Most of
the automotive companies started their research and
development (R&D) on PEMFC between 1998 and 2010.
The performance, durability, and cost of the PEMFC system
and stacks for automotive are approaching levels such that
major automotive manufacturers should acquire some specific
targets for commercialization. In order to achieve
commercialization, the targets of performance, durability, and
cost of the fuel cell components (catalyst, membrane, diffusion
media, bipolar plates, etc.,) and the system (thermal, fuel, air,
and water management, and balance of plant) have to be met
simultaneously. Therefore the performance of the system is one
of the important subjects that researchers should focus on that
[6].
As mentioned earlier, one of the advantages of PEMFCs is
their low operating temperature. This parameter usually is
controlled by an external cooling source. Since the performance
of the cell is related and sensitive to its temperature, many
studies are dedicated to surveying this parameter. Ferng et al.
[7] presented an analytical and experimental study of a PEMFC
to analyze the effect of operating pressure and temperature on
the performance of the cell. The results demonstrate the
increment in cell performance at elevated temperatures. The
predicted performance curves are in agreement with the
experimental data. In another study, Santarelli et al. [8]
performed an experimental analysis to investigate the influence
of some operating variables on the performance of a single
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METHODOLOGY

II

A. Assumption
The following assumptions can be made about the watersplitting reaction: (a) Hydrogen and oxygen are ideal gases,
(b) water is an incompressible fluid, and (c) the gas and liquid
phases are separate. Based on these assumptions the change in
enthalpy of the water-splitting reaction can be calculated
regarding pure hydrogen (H2), oxygen (O2), and water (H2O)
at a standard temperature and pressure (25°C and 1 atm). The
total change in enthalpy for splitting water is the enthalpy
difference between the products and the reactants.
B. Thermodynamic modeling
PEMFCs consists of three main parts: Anode, cathode, and
an electrolyte that is a solid, thin polymeric sheet. The various
reactions for a PEMFC fed with a hydrogen-containing anode
gas and an oxygen-containing cathode gas, are:




Anode : H 2  2 H  2e
Cathode : 2 H   2e   0.5O2  H 2 O
Overall : H 2  0.5O2  H 2 O

(1)
(2)

(3)
The above equations generate water, heat, and electricity.
The following equation expresses the voltage of cell [9]:

Vcell

-0.95  2.43e 3 * Tstack  1.92e 4 * Tstack

* ln APEM  1.92e  4 * Tstack * ln I FC 

(5)

4

7.6e * Tstack * ln cO2

K ohmic

(( I FC * t PEM ) / APEM ) * (8 / exp(3.6

(Tstack  353) / Tstack )) * (1  1.64 * I FC / APEM
 J * ( I FC / APEM )

(6)

3

The total amount of energy released in the fuel cell reaction
is equivalent to the change in enthalpy. The standard enthalpy
for splitting water is 286 kJ mol-1. The total energy demand is
related to the thermoneutral cell voltage by the expression:

'h / n * F

Vtn

Where n and F are electronic charge number and faraday
constant. 'h is the variation in enthalpy of the overall equation.
Finally, the energy efficiency of the system can be shown by
the following equation:

K energy

Vcell / Vtn
III. RESULTS AND DISCUSSION

A. Sensitivity Analysis
In this section, by employing some design variables, the
variation of energy efficiency is investigated. In Figure 1 the
variation of energy efficiency versus axis electrode area of PEM
is shown. As can be seen, by increment of the electrode area of
the fuel cell, the energy efficiency faces increment.
0,48
0,47
0,46
0,45
0,44
0,43
210

220

230

240

250

Axis Electrode area of PEM (cm2)

E Nerst  K act  K ohmic

Where E Nerst , K act and K ohmic are thermodynamic potential,
the activation overvoltage, and the ohmic overvoltage. The
three overvoltage terms are all negative and show reductions
from E Nerst to give the useful cell voltage.
The thermodynamic potential, the cathode activation
overvoltage, the anode activation overvoltage, and the ohmic
overvoltage can be obtained as below [10]:

E Nerst

K act

Energy Efficiency ( e)

PEMFC. It is concluded that an increase in the reactant
saturation temperature improves the performance of the cell,
especially in low and medium loads.
To deliver the desired power by PEMFCs are combined in
parallel or series or a combination of both ways to create a
stack. With an increase in cell surface area, each cell will
produce more current. The generated current affects the energy
efficiency of the fuel cell. Another effective parameter on the
performance of the system is the thickness of membranes that
is investigated in the literature.
Therefore for obtaining a high-performance PEMFC stack
the aforementioned parameters should be investigated. In this
study polymer electrolyte membrane fuel cell is simulated in
EES software. After that, by employing Genetic algorithm
optimization, the optimum values of design parameters for
maximizing the energy efficiency are obtained.

1.23  8.5 * Tstack  298  4.31e 5

* Tstack * ln p H 2  0.5 pO2
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Figure 1. Variation of energy efficiency versus electrode area

Figure 2 depicts the changes in energy efficiency by an
increase in the thickness of PEM. The results revealed that the
increment of this parameter leads to a decrease in energy
efficiency.

(4)
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energy efficiency has an ascending trend and increases.
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Energy Efficiency (ɻe)

___________________________________________________________________________________________________________

0,485
0,48
0,475
0,47
0,465
0,46
0,455
0,45

Figure 2. Variation of energy efficiency versus thickness of

348

353

In Figure 6 the effect of the total current of the stack on
energy efficiency is surveyed. The results depict that by
increasing the total current of the stack, the energy efficiency
decreases.
0,5

0,49
0,48
0,47
0,46
0,45
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0,95

1

1,05
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Cell width (cm)

Energy Efficiency ( e)

Energy Efficiency (ɻe)
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0,9

0,48
0,46
0,44
0,42
0,4
80
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Total current of stack (A)

Figure 3. Variation of energy efficiency versus cell width
Figure 4 demonstrates the effect of variation of the number
of cells in series per stack on energy efficiency. It is concluded
that an increase in this parameter has a slightly positive effect
on energy efficiency. By increment of the number of cells in
series per stack, energy efficiency faces a little bit increment.
Energy Efficiency (ɻe)

338

Operating temperature (K)

Figure 5. Variation of energy efficiency versus the
operating temperature

PEM
The variation of energy efficiency versus the cell width is
plotted in Figure 3. As can be seen, cell width has a minor effect
on energy efficiency and by the increment of this parameter,
energy efficiency faces a slight decrement.
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0,47
0,465
0,46
0,455

Figure 6. Variation of energy efficiency versus the total
current of the stack
B. Optimization results
In this section by an objective function, which is energy
efficiency is optimized. For this purpose, 6 independent
variables including the number of cells in series per stack,
electrode area (cross-sectional) of PEM, the thickness of PEM,
cell width, operating temperature, and total current of the stack
are considered. The variation range of these parameters is
presented in Table 1.
Table 1. Range of independent variables

0,45

Independent Variable

Range

0,445

number of cells in series per stack

90 – 110

0,44
90

95

100

105

110

Number of cells in series per stack

Figure 4. Variation of energy efficiency versus the number
of cells in series per stack
Figure 5 shows the change in energy efficiency by variation
of the operating temperature. The results reveal that by an
increase in operating temperature from 333 K to 355 K, the
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electrode area of PEM(cm2)

210-250

thickness of PEM(cm)
cell width(cm)

0.01-0.02
0.9-1.1

operating temperature(K)

333.2-353.2

the total current of the stack (A)

80-120
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After optimizing the maximum value of energy efficiency is
reached to 54.24 %. The optimum values of independent
variables are presented in Table 2.
Table 2. Optimization results
Independent Variable

9
10

Ulleberg Ø (2001) Evaluation of IFE's 100 W PEM Fuel Cell Stack
Performance Internal report, I f E T
Amphlett, J C , et al , A model predicting transient responses of
proton exchange membrane fuel cells. Journal of Power sources,
1996 61(1-2): p 183-188

Range

number of cells in series per stack

100.5 § 100

electrode area of PEM(cm2)
thickness of PEM(cm)
cell width(cm)

48.6
0.01016
1.064

operating temperature(K)

353.2

the total current of the stack (A)

80.18

Optimization Results
Max. Value Energy Efficiency = 54.24 %

IV. CONCLUSION
Simulation and optimization of an automotive PEM Fuel Cell
System by using the EES Software and Genetic Algorithm are
surveyed in this study. A sensitivity analysis is applied to
investigate the effect of some parameters such as axis electrode
area, the thickness of PEM, cell width, number of cells in series
per stack, operating temperature, and total current of the stack
on the energy efficiency. It is shown that increment of the axis
electrode area, operating temperature, and the number of cells
in series per stack lead to an increase in energy efficiency. On
the other hand, by increasing the total current of the stack,
thickness of PEM, and cell width, the energy efficiency
decreases. Moreover, the result of optimization by the Genetic
Algorithm is revealed that at the optimal point of independent
variables, the energy efficiency can be increased to 54.24 %.
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Abstract - In this study, we develop a finite element (FE) based
methodology to solve the frictional rolling contact problem
between a rolling cylinder and a half-space. The developed
methodology can be applied to solve the frictional rolling contact
problems for cylindrical roller bearing problem. A threedimensional (3D) explicit FE model is developed to simulate the
rolling contact problem, and the contact stresses and contact
widths are determined. It is assumed the half-plane is linearly
elastic and static/kinematic coefficients of friction are constant
throughout the analysis. The FE study focuses on determination of
the contact stresses as a function of the value of external load and
coefficient of friction. The results regarding the contact stresses,
the in-plane component of the surface stresses and stick/slip
distributions are presented. Various stick/slip distributions
depending on different tractions applied to the rolling cylinder are
determined though FE analyses. The FEA results are validated
through analytical formulations. Finally, the roller-raceway
interaction in the cylindrical roller bearing problems are used to
demonstrate the developed methodology.
Keywords - cylindrical bearing, finite element method, normal
contact solution, rolling contact, tangential contact solution

I. INTRODUCTION
Rolling elements carry a significant role in many engineering
systems; consequently, the discipline of rolling contact
mechanics is involved in various fields. Road and railway
dynamics, mechanical joints, mechanical systems with rolling
elements are just few of the areas. Ball or roller bearings are
mechanical components for which the rolling contact problem
plays a major role. For these components, experimental
determination of the contact stresses and patches is not possible
in many circumstances, particularly in dynamic conditions.
Hence, the examination methods are generally established on
analytical or computer-based approaches.
Conventionally, the rolling contact problem is divided into
two parts: normal and tangential problems. While the normal
solution is related to the normal pressure and the contact patch;
the tangential problem is associated with friction and its effects.
The surface shear stress distribution depends on the traction
force and coefficient of friction. The distribution of surface
shear stress is expressed with the slip and stick areas in the
contact patch. Slip is the relative velocity between the two
material particles that are in contact, and its size in the contact
patch changes depending on the value of traction.

E-ISBN: 978-625-44427-4-2

Hertz solved the normal problem of contact between
quadratic surfaces in 1882 [1]. For 2D frictional rolling contact
problem, Carter developed his model and handled the surface
shear stress in the contact patch [2]. Vermeulen and Johnson
asserts a model for 3D frictional rolling contact by assuming an
elliptical contact area [3]. Then, Kalker solved the 3D frictional
rolling contact problem for arbitrary creepages in both lateral
and longitudinal directions using several numerical methods
[4]. Alinia and Guler put forward a 2D analytical solution for
the problem, which can be applied to 3D problems with its
adaptivity for both plane stress and plane strain geometries [5].
In this study, Guler et al. (2012) analytical formulation is used
as a basis for validation of the Finite Element (FE) results. As
in aforementioned solution methods, this formulation is also
based on linear-elasticity, statics and half-space assumption.
In the FE modeling part, studies focusing on the tangential
solution is still rare, although some static approaches [6-7] or
2D explicit solutions exist [8]. Zhao and Li propose an implicitexplicit sequential solution method for the 3D transient problem
in wheel-rail interactions [9-11].
Differently from the method of Zhao and Li [9-11], this study
proposes a one-step FE methodology for the 3D frictional
rolling contact problems. Contact stresses, surface shear
stresses, slip/stick distributions according to the traction
coefficients are determined by the FE study. The findings are
validated by the analytical formulation of Alina and Guler [5].
II. THE FINITE ELEMENT MODEL
A schematic diagram of the frictional rolling problem of our
interest is shown in Fig. 1. The roller has a cylindrical contact
surface, while the half-space has a flat one without curvature.
Both contact surfaces are deformable. The Augmented
Lagrange contact formulation is used in the FE analyzes, since
the Augmented Lagrange formulation properly detects the
discontinuities in the contact zone and has the ability to stabilize
the stiffness matrix in each iteration throughout the solution
process [12]. The element types selected in accordance with
rolling contact modeling are 8-node CONTA174 and
TARGE170. TARGE170 is used for roller’s contact surface and
CONTA174 for half-space’s contact surface. These element
types are frequently used in the contact of two deformable
elastic surfaces that support 3-D contact in ANSYS/LS-DYNA
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[12]. Throughout the FE model, SOLID185 type 8-node and 3
degree of freedom elements are preferred.

Figure 1: Schematic diagram of the 3D transient FE model.

Figure 2: FE mesh of the model

The material behavior is defined as homogenous, isotropic,
and linear elastic for all elements in the FE model. Structural
steel is used for both roller and half-space. The material
parameters are given in Table 1.
Table 1: Material parameters.
Young’s modulus, E
Poisson’s ratio, v
Density, U

210 GPa
0.3
7850 kg/m3

Table 2 lists the geometric parameters of the roller and halfspace. Roller has an outer radius of 30 mm and inner radius of
10 mm, with a thickness of 1 mm. Half-space has the same
thickness value with the roller, a height of 3 mm and a width of
55 mm.
Table 2: Geometric parameters (mm).
Inner radius of roller,
Outer radius of roller,
Height of half-space,
Width of half-space,
Thickness,

10
30
3
55
1

The half-space is divided into two bodies to provide
computational efficiency in the solution. In the contact surface
of the upper half-space, a dense and uniform mesh is employed.
The element edge size in the surface is 0.05 mm. Roller part is
also divided into bodies for both the ease of boundary condition
application and meshing. One quarter of the roller is finely
meshed, as seen in Figure 2 and 3. The element edge size in
contact surface of the roller is 0.1 mm. Total number of nodes
are 147,813 and total number of elements are 114,254. Each
element in the system is hexagonal and the system is uniformly
meshed.

Figure 3: Zoomed-in view to contact surfaces

The bottom face of the half-space is fixed. The remote
displacement condition is assigned to the inner and outer
cylindrical surfaces of the gray region of the roller, which is
shown in Figure 4. This condition allows the roller to move in
x, y directions and rotate about the z-axis. Other degrees of
freedom of the roller are constrained. Since the remote
displacement condition in ANSYS brings a rigid behavior
where it is defined, it is applied to the non-contact cylindrical
surfaces. The outer cylindrical surfaces of the green region have
the deformable behavior, the deformable-to-deformable contact
hereby is provided.

Figure 4: Schematic diagram of boundary conditions applied on
the 3D transient FE model.
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Abstract - Today, bird strike is one of the most threatening
problems to flight safety. A bird strike damage in flight can result
in serious structural damage or even fatal accidents. A bird strike
model requires high computational power for model preparation
and nonlinear explicit analysis because of composite materials,
contact definitions and other complex analysis parameters.
Investigating the effects of design parameters on bird strike is a
costly and time-consuming practice. The influence of various
parameters such as bird velocity and impact angle has been also
evaluated on a composite target in this research.
Investigation of the effects of bird parameters on a composite
target provides a clearer definition of the strength limits and
energy transfer of composite materials exposed to bird strikes.
Real bird strike tests are in good agreement with Ls-Dyna analysis
results in this study. The unique aspect of this research is that the
Central Composite Design (CCD) method, one of the
Experimental Design (DOE) methods, is one of the first
applications in the bird strike problem. Bird strike simulations
were performed in different analysis parameters based on the
Central Composite Design (CCD) method and the effects of the
parameters on bird strike were found with the regression
equations obtained from Minitab.
Keywords – Bird Strike, Impact Test, Smoothed Particle
Hydrodynamics (SPH), Design of Experiment (DOE), Central
Composite Design (CCD).

A

I. INTRODUCTION

ircraft collisions with birds and other wildlife have
become an increasing concern for aviation safety in recent
years. Factors that contribute to this increasing threat are
increasing populations of large birds and increased air traffic by
quieter, turbofan-powered aircraft. Globally, wildlife strikes
destroyed over 263 aircraft (Figure 1) between 1988 and 2018,
and even killed more than 282 people [1].
The Federal Aviation Administration (FAA) extendedly
compiles a database of all reported wildlife strikes to U.S. civil
aircraft and to foreign carriers experiencing strikes in the USA.
About 220,000 strike reports have been compiled from 2,050
USA airports and 310 foreign airports for January 1990 through
September 2019 (about 16,000 strikes in 2018) [2]. Some of
these strikes resulted in fatal accidents. These bird strike
examples from the database, presented in chronological order,
show the serious impacts that strikes by birds can have on
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aircraft and demonstrate the widespread and diverse nature of
the problem (Table 1) [2].
Table 1: Some of the human fatalities and injuries due to bird strikes.
Date

Aircraft

People

Damage

19/11/2017

Bell 407
Jordan John
RV7
C-172

3 deaths

Aircraft destroyed

2 deaths

Aircraft destroyed

4 deaths

Aircraft destroyed

1 deaths

Aircraft destroyed

8 deaths,
1 injury

Aircraft destroyed

5 deaths

Aircraft destroyed

2 deaths

Aircraft destroyed

2 deaths

Wings, engine,
(possibly more)

27/06/2017
20/04/2016

23/10/2007

Avions Fairey
Tipsy Nipper
Sikorksy S76C
Cessna
Citation I
Piper 44

08/07/2003

Cessna 172

13/02/2013

04/01/2009
04/03/2008

MD A-4N
(former
military)
Piper 23

1 deaths

Aircraft destroyed

2 deaths

Aircraft destroyed

15/07/1994

Cessna 172

1 deaths

Aircraft destroyed

16/05/1994

Bell BHT-47
Starduster SA
300

1 deaths

Aircraft destroyed

1 deaths

Aircraft destroyed

10/05/2003
04/03/1998

05/06/1992

Figure 1: Aircraft destroyed due to bird strike [3].

On 7 November 2007, a large blue heron struck the left wing
leading edge of the B-737 aircraft, causing damage to the
aircraft (Figure 2) [3].
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Figure 2: Bird strike damage to B737 aircraft left wing leading edge
[3].

Figure 3: Turkish Airlines aircraft in a flock of birds [4].

With the realization of the importance of accidents caused by
bird strikes at Turkish Airlines, reporting and research on this
issue has gained momentum. Figure 3 shows a situation related
to the accidental diving of an aircraft in the Turkish Airlines
fleet into a bird flock.
European Aviation Safety Agency (EASA) CS-25.631 and
Federal Aviation Administration (FAA) FAR-25.571-e-1 (Bird
Strike Damage) requires that the aeroplane must be designed to
assure capability of continued safe flight and landing of the
aeroplane after impact with a 4 lb bird when the velocity of the
aeroplane (relative to the bird along the aeroplane's flight path)
is equal to VC (Design Cruise Speed) at sea-level or 0.85 VC at
2438 m (8000 feet), whichever is the more critical. Compliance
may be shown by analysis only when based on tests carried out
on sufficiently representative structures of similar design [5].
It is common practice today to design and test aircraft
components as bird proof, redesigning and retesting until the
relevant component passes the tests. Bird strike tests with real
birds are costly and time consuming, instead finite element
analysis methods such as Ls-Dyna are used in recent years,
there are many academic studies in this field [6-13]. However,
so far, there has been no academic study examining the impact
angle and impact velocity effects using the Central Composite
Design method. The determination of the extent to which bird
velocity and impact angle parameters affect outputs such as
deformation, kinetic energy and internal energy with the
regression equation is one of the unique aspects of this research.
II. IMPACT THEORY
The projectile has a hydrodynamic behaviour during the
impact. Soft body impact will be defined as impact in which the
stresses generated substantially exceed the strength of the
projectile but are well below the strength of the target material.
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This implies that soft body projectiles wil1 flow upon impact
while the target may see little or no plastic deformation [7].
The bird strike event is often considered as a jet of water
hitting a target. It can be divided into two stages: the initial
shock and the steady flow. The pressure of the initial shock
(Hugoniot pressure) is given by equation (1); the pressure of the
steady flow (stagnation pressure) is calculated according to
Bernoulli and is given by equation (2) [6]:
Hugoniot pressure:
=
(1)
Stagnation pressure:
1
=
(2)
2
Analytically, those two pressures are important since the
Hugoniot pressure gives the maximum possible value for the
impact and the stagnation pressure gives the expected reading
when the flow stabilizes. It is also important to realize that the
pressure is independent of the size of the projectile since the
mass is not a variable in the pressure equation. So while the
force and energy of a larger projectile will cause more damage,
the pressure results are the same for a bird of different weight.
The values of the variables needed to calculate the stagnation
pressure are easily available. On the other hand, the Hugoniot
pressure depends on the impact velocity and the shock velocity,
which itself also depends on the impact velocity. The
information required to calculate the pressures are found in
Wilbeck [7].
As can be seen in Equations (1) and (2), the bird velocity is
closely related to the Hugoniot pressure and stagnation pressure
formed on the plate. The angle of impact is a parameter that
affects the bird velocity in the normal direction of the plate. All
in all, bird velocity and impact angle are two main parameters
affecting the Hugonoit pressure. Therefore, this study will
examine the pressure distribution over the target as a result of
bird strikes at different velocities and different impact angles.
III. SMOOTHED PARTICLE HYDRODYNAMICS (SPH) BIRD
MODEL
When the studies in the literature are investigated, the most
commonly used bird model is SPH (the Smooth Particles
Hydrodynamics Model), because it gives closer results to
experimental data than other analysis methods [9-13].

Figure 4: Deformation of the SPH bird model.

Compared to the conventional solid Lagrangian mesh, where
the explicit time step decreases significantly with element
deformation, the time step is constant for the SPH model.
However, a sufficient particle density is required in order to
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IV. THE VERIFYING OF THE BIRD STRIKE SIMULATIONS ON
COMPOSITE TARGET

Nondimensionalized
Hugoniot Pressure

The bird strike analysis was carried out via Ls-Dyna Prepost
and Ls-Dyna Manager in the current study. To accurately
predict the response of an aircraft structure under impact
loading, it is essential to have an accurate bird model [6]. In this
reseach, the bird is modeled as a cylinder with two
hemispherical ends, as shown in Figure 4. The ratio of the
length to the diameter of the bird is selected to be 2:1. The
weight of the bird is 1.8 kg according to EASA CS-25.631 and
FAA FAR-25.571-e-1 [4, 5]. The length of the bird is 228 mm
and its diameter is 114 mm [14].
When the studies are examined in the literatüre [9-14], it is
seen that many studies verify the model with the real bird strike
test results in Wilbeck [7].
Convergence studies were performed determining the
appropriate mesh size for obtaining accurate kinetic energy,
Hugoniot pressure and stagnation pressure. As the appropriate
mesh size, the mesh size of the composite plate is determined
as 7.7 mm in the x and y direction and 8.47 mm in the z
direction.
4
3,5
3
2,5
2
1,5
1
0,5
0

3,36

3,54

The real bird was impacted perpendicularly at 116 m/s in the
verification study as in actual test conditions. Typical pressure
histories recorded at the center of impact for real bird strike are
given in Figure 5 & 6. The obtained pressure values were
and the time was divided by =
divided by = 1 2
( : bird’s length, : bird’s density, : bird’s velocity). The
experimental [7] and analysis results of normalized Hugoniot
pressure value is 3.36 and 3.54, respectively (The difference is
5.36%). The value of the normalized Hugoniot pressure is
consistent with the value obtained from the experimental results
[7], as clearly demonstrated in Fig. 5.

Nondimensionalized
Stagnation Pressure

achieve accurate results, which may necessitate high memory
resources and typically is a compromise between accuracy and
required CPU time [8]. The stages of the bird striking modeled
as SPH are shown in Figure 4. In this study, an artificial bird
was modeled using 15013 SPH nodes. Since 1.8 kg bird is used,
the weight of each node is 0.119896 gr.
In general, compared to the Eulerian model, the SPH method
requires fewer elements, avoids the material interface problems
associated with it and normally has a shorter solution time. The
numerical robustness, compared to the conventional
Lagrangian mesh with its mesh distortion problems, is very
high [8].
Composite laminates possessing high in-plane strength and
stiffness are rather sensitive to damage initiated by transverse
impact loads that can cause dents or material penetration by the
projectile. Depending on the impact energy determined by the
projectile mass and velocity and the properties of laminate
impact loading can result in considerable reduction in material
strength under tension, compression, and shear.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

0,83
0,67

Experimental Results [7]

Ls-Dyna Results

Nondimensionalized Time
Figure 6: Comparison of real bird strike test results [7] with
analysis results in terms of nondimensionalized stagnation pressure nondimensionalized time.

The normalized stagnation pressure value obtained from this
study and experimental results [7] is 0.67 and 0.83,
respectively. The difference between the simulation and the
experiment of bird strike is 19.28%. This difference arises from
the differences between tests and experiments.
The analyzes have also been verified by comparing the
kinetic energies. At the start, the analyses of bird strike were
performed perpendicularly in different bird velocities. Bird’s
kinetic energy analysis results for bird velocity 116 m/s, 134
m/s and 152 m/s are 12100 J, 16200 J and 20800 J, respectively
(Table 2). As expected, the kinetic energy of the bird increases
as the velocity of bird increases. From the Table 2, it can be
seen that the error percentage between the theoretical kinetic
energy and Ls-Dyna result is about 0.086%, 0.244% and
0.031% respectively. This result shows that the bird strike
model has a high predictive capability, and the bird strike model
can replace the real bird strike tests.
Table 2: Comparison of the simulation with the theoretical kinetic
energy ( : bird velocity [m/s]).
Simulation [J]

Theoretic [J]

116

12100

12110,40

0.086

134

16200

16160,40

0.244

152

20800

20793,60

0.031

[m/s]

Experimental Results [7]

Ls-Dyna Results

Nondimensionalized Time
Figure 5: Comparison of real bird strike test results [7] with
analysis results in terms of nondimensionalized Hugoniot pressure nondimensionalized time.
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Error (%)

For applying the boundary conditions of the target during
analysis, the edges of the target is fixed. The properties of
T700/M21 carbon fiber material used in the analyzes are given
in Table 3.
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In this study, the composite target is 36 ply and its stacking
sequence is [02/452/902/-452/02/-452/02/452/02]s. Such a quasiisotropic ply orientation simulates the properties of an isotropic
material. It is therefore advisable to build a symmetrical and
balanced laminate to minimize any residual thermal stresses
induced during resin curing.
Table 3: The properties of T700/M21 carbon fiber epoxy prepreg
material [13].
Mechanical Constants (Symbols)
Density ( )
Young’s Modulus ( )
Young’s Modulus ( )
Young’s Modulus ( )
Poisson’s Ratio ( )
)
Shear Modulus (
)
Shear Modulus (
)
Shear Modulus (
Ultimate Tensile Stress ( )
Ultimate Tensile Stress ( )
Ultimate Compressive Stress ( )
Ultimate Compressive Stress ( )
Ultimate Shear Stress ( )
Failure Criterion (
) / Tsai-Wu

Values
1600 kg/m^3
130 e+9 Pa
7.7 e+9 Pa
7.7 e+9 Pa
0.0195
4.8 e+9 Pa
4.8 e+9 Pa
4.8 e+9 Pa
2080 e+6 Pa
60 e+6 Pa
1100 e+6 Pa
180 e+6 Pa
110 e+6 Pa
55

V. RESPONSE SURFACE DESIGN
In studies in the literature [15-21], typically, response surface
methodology (RSM) is used to optimize the process parameters
in casting, welding and machinability studies of composite
materials. In this study, different from the studies in the
literature, the significant variables which are bird velocity and
impact angle are examined using response surface methodology
(RSM) based on central composite design (CCD). Response
surface design is two types: Central Composite designs and
Box-Behnken designs.
A. Central Composite Design Method
Compared to other DOE methods, the Central Composite
Design method is the most suitable method for this problem.
Central Composite Design method minimises the number of
experiments for a specific number of factors and its levels.
Experiments are conducted as per the experimental design
matrix and the output responses are recorded for analysis. The
process parameters which significantly influence the response
are identified using analysis of variance. Regression equations
are used to predict the response for the given process parameters
and its levels. Response surface plots are used to understand the
effect of process parameters on response. Finally, the process
parameters are optimised using desirability approach of
response surface methodology and confirmed by conducting
confirmation tests [15]. Central composite designs are a
factorial or fractional factorial design with center points,
augmented with a group of axial points that allow the curvature
to be predicted. Central composite designs are especially useful
in sequential experiments because that can be build on previous
factorial experiments by adding axial and center points [22].
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After conducting bird strike analysis in two different
parameters in Ls-Dyna, the Central Composite Design method
was applied.
Table 4: Z displacement, penetration and pressure results in Ls-Dyna.
Input
Bird
Velocity
[m/s]

Output

Impact
Angle

z disp.
Penetration
[mm]

Pressure in
the
Center of
Plate [Mpa]
314

116

0

180,00

yes

116

30

33,30
12,82

no

298

no

291

116

45

116

60

5,09

no

298

0

223,00

no

319

134

30

153,05

yes

318

134

45

15,69

no

327

60

5,60

no

186

134

134

152

0

254,70

yes

207

152

30

239,93

yes

315

152

45

100,76

yes

291

152
108,544

60
30

6,27

no

299

25,27

no

305

134

-12,4264

242,78

yes

310

134

72,4264

1,46

no

155

159,456

30

281,59

yes

316

The Central Composite Design method was applied after 12
different bird strike analysis was done in Ls-Dyna, with 2
different design parameters, 3 levels for bird speed (116 m/s,
134 m/s and 152 m/s) and 4 levels (00, 300, 450 and 600) for
impact angle. Twelve different test were prepared, these
analyzes were analyzed in Minitab with the Central Composite
Design method. As a result, four different analyzes were
obtained from Minitab. The total number of analyzes which is
performed is sixteen in different impact angles and bird
velocities. These sixteen different analyzes were conducted at
Ls-Dyna. Analysis results are presented in Table 4 and Table 5.
The z-direction deformation of the plate and the pressure values
in the center of the plate depending on the bird velocity and the
angle of impact are shown in Table 4. Table 5 presents the
kinetic energy of plate, the plate of internal energy and the bird
of internal energy values from the bird strike analysis results.
Table 5: Kinetic energy and intertial energy in bird strike analysis.
Input

Output

116

0

The
Kinetic
Energy
of Plate
[J]
1310

116

30

708

Bird
Velocity
[m/s]

Impact
Angle

The Plate of
Internal
Energy [J]

The Bird
of
Internal
Energy [J]

7890

444

2680

370
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116

45

471

1380

276

668

147

60

220

134

0

2520

10700

509

134

30

1910

10200

631

45

701

2290

354

60

346

968

196

152

0

3360

12000

836

152

30

3100

10100

476

872

8300

573

116

134

134

152

45

152

60

504

1400

256

108,544

30

594

1870

326

134

-12,4264

2360

10800

455

134

72,4264

112

312

80,5

159,456

30

3910

16000

699

Figure 7, at 95% confidence interval, it is the angle of impact
that most affects the kinetic energy and internal energy results.
Kinetic energy, internal energy and z displacement are output
in bird strike analysis. Figure 8 shows internal energy predicted
from the analysis results as the bird velocity and the angle of
impact change.

VI. RESULT AND DISCUSSION
A. Internal Energy of Plate
The accuracy of the bird strike model in this study by using
three statistical parameters. These parameters are the
coefficient of the multiple determination R-sq, root mean
squared error (RMSE) and then adjusted coefficient of
determination R-sq (adj), respectively. The R-sq and R-sq (adj)
values of around 80% indicate that the model fits well with the
bird strike model in Ls-Dyna (Table 6).
Table 6: Plate's internal energy DOE model summary.
R-sq(pred)
S
R-sq(adj)
R-sq

2361,75

85,87%

78,80%

52,54%

Regression Equations (4) and (5) are obtained from Minitab
( : Bird Velocity [m/s], : Impact Angle [deg]). The internal
energy of the plate is min 312 J, max 16000 J from Equation
(4).
[ ] = 2702
32 + 113
1,33
1,33
(4)
+ 0,96

Figure 8: Contour plot of internal energy.

There are two factors: bird velocity and impact angle. The
range of bird velocity in the analysis is 108,544 m/s and
159,456 m/s. The range of the impact angle is -12.42640 and
72.42640 degrees.
As we consider the values in the data set, while the bird
velocity is 159.456 m/s and the angle of impact is -12.42640,
the internal energy of the plate is at the maximum value and is
17607.9 J.
B. Kinetic Energy of Plate
The bird of theoretical kinetic energy is calculated 0.5
. The min. kinetic energy value formed on the plate is 112 J,
and the max. value is 3910 J from Equation (5).

+ 0,578

0,271

[ ] = 2239 – 77
0,999

+ 117,0
(5)

The R-sq and R-sq (adj) values of around 80% indicate that
the model fits well with the bird strike model in Ls-Dyna (Table
7). It can be concluded that the numerical results of kinetic
energy also perfectly matched with the theoretical bird strike
analysis results (Table 7).
Table 7: Plate's kinetic energy DOE model summary.
R-sq
R-sq(pred)
S
R-sq(adj)
511,532

Figure 7: Pareto chart of the standardized effects (response is the
plate of kinetic energy and internal energy for = 0.05).

Information about the effect of each input parameter on bird
strike analysis results is provided in the Figure 7. According to
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88,71%

83,07%

67,92%

Figure 9 presents kinetic energy predicted from the analysis
results depending on bird velocity and impact angle. According
to this figure, the most damage occurs on the composite
material at high bird velocity and when the bird is impacted
perpendicularly.
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Abstract - The honeycomb sandwich panels are being used in
aerospace, automotive, railway and marine industries due to their
high flexural strength, lightweight and energy absorbing capacity.
This study aimed to investigate the penetration properties of the
sandwich panels using low velocity impact tests conducted
according to ASTM D7136 standard. The honeycomb core and
skin of sandwich panels were fabricated from Aluminum alloy
series 3005 H19 and 5754, respectively. The dimension of sandwich
panel specimen is 100x100x20 mm and clamped from their 75x75
mm area. The projectile has 24 mm semispherical tip and mass of
20 kg. Sandwich panels was impacted at 25, 50, 75, 100, 125, 150
and 175 J energy levels. Force-deflection data obtained from the
tests and used for evaluating energy absorption capacity of
sandwich panels. Energy profiling method was conducted to
determine the penetration and perforation thresholds of sandwich
panels under low velocity impact. Front and rear side view near
the impact area in tests were investigated. It is found that 150 J
energy level is the perforation threshold of sandwich panels. The
study results show how the energy levels affect the penetration and
perforation and provide useful knowledge for its applications in
engineering.
Keywords - Honeycomb core, Energy profile method, Sandwich
panel;

I. INTRODUCTION
Recently, honeycomb sandwich panel have been widely
employed in aerospace, marine, railway, automotive, and
industries due to light weight and high stiffness [1]. These
structures consist of a honeycomb core with high stiffness and
two skin in top and bottom. During application, due to accidents
such as bird strike, tools dropping, indentation and perforation
may happen in these structures. Due to this fact, many
researchers have investigated the penetration and perforation
behavior of the sandwich panels under quasi-static and dynamic
loadings. For instance, Paik et al. [2] conducted low-velocity
impact tests to study the effects of honeycomb foil thickness on
energy absorption and indentation of the sandwich panels.
Crupi et al. [3] investigated the low velocity impact and quasistatic indentation behavior of the sandwich structures with foam
cores. Sun et al. [4] researched the quasi-static
indentation/perforation responses of honeycomb sandwich
panels by considering the failure modes and energy absorption
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of panels in various loading stages and structural parameters.
Rahimijonoush and Bayat [5] numerically and experimentally
analyzed the ballistic limit velocity of aluminum honeycomb
sandwich panels with titanium facesheets. Meram et al. [6]
experimentally studied the effect of adhesive shear strength on
failure mechanism and impact behavior of sandwich panels
under different initial impact energies. Most of the previous
studies [7-10] have been mainly considered the effect of the
structural parameters of the sandwich panels or loading
condition on the impact or indentation/perforation behavior of
the structure. This study experimentally investigates the
penetration and perforation thresholds of sandwich panels
under low velocity impact using energy profiling method.
II. MATERIAL AND METHODS
The sandwich panels used in low velocity impact tests
PDQXIDFWXUHG E\ $OWÕJHQ 6SDFH Aviation Ship Construction
Inc., Konya, Turkey. Sandwich panels consisted of aluminum
3005-H19 foil sheet with 0.05 mm thickness, 10.4 mm cell size
as the honeycomb core; and aluminum 5754 as the top and
bottom face sheets with 1 mm thickness. Honeycomb core and
facesheets were bonded with a two component KLB-75
polyurethane adhesive. For impact tests, specimens were
prepared with a 100 x 100 x 20 mm square dimension. The
sandwich panel specimen was clamped on a fixture along a
square circumference having a 75 mm side.
The low velocity impact tests were performed using a drop
weight test system (Figure 1). The dropping mass was 20 kg. A
semi-spherical projectile nose of 24 mm in diameter was used.
Data acquisition and processing system provided by a National
Instruments Signal Express data acquisition software. The load
values were measured by using a 22.6 kN quartz force ring
(PCB Quartz ICP force sensor 200B04). The dropping mass
was released from 0.25, 0.375, 0.5, 0.675 and 0.75 m heights to
produce 50, 75, 100, 125, 150 and 175 J kinetic energy in
impact instance. The anti-rebounding mechanism was triggered
following the initial impact to prevent the secondary impact.
The load-time history for each specimen was recorded as shown
in Figure 2. The numerical integration method and Newton’s
second low of motion were used to extract the load-deflection
data from load-time data. These values are utilized to evaluate
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the penetration and perforation behavior of honeycomb
sandwich panels.

Figure 1: Drop weight test system

the bending rigidity and specimen performs resistance against
impact load. As the impact energy increases bending behavior
was almost same for all energy levels. In this area face-sheet
damaged and then load dropped with oscillations. In this
manner crushing and buckling took place in the honeycomb
core. Then as impact energy increases global rigidity increases
and load starts increasing again.

Figure 2: Load-time histories of low velocity impact tests

III. RESULTS AND DISCUSSION
Low velocity impact tests were applied at 50 J, 75 J, 100 J,
125 J, 150 J and 175 J energy levels in order to obtain the
penetration and perforation behavior of sandwich panels. Loadtime histories acquired from impact tests was shown in Figure
2. Impact duration and maximum impact force can be depicted
from this graph. It is obvious that maximum impact force in
specimen 125 J is higher than the specimens which are
impacted at 50, 75, 100, 150 and 175 J energy levels. Increasing
the impact energy caused increase in maximum impact force
until 125 J energy level. But increase in energy to 150 J and 175
J values results with decrease in maximum impact force. This
situation can be explained by the higher velocity causes higher
deformation takes place in more contact time. But in 150 J and
175 J energy levels perforation occurred and impact energy is
used for bending and penetration resistance of the bottom face
sheet. Therefore, maximum impact force decreased.
Occurrence of a damage gives rise to the oscillations of the
curves and rises with impact energy.
Damage propagation during low velocity impacts tests can
be determined using characteristic of load-deflection graphs.
Load-deflection curves of specimens for 50 to 175 J impact
energies were shown in Figure 3. Though, curves of 50 to 125
J impact specimens had similar characteristics, only curve of
150 and 175 J impact specimen shows unusual behavior.
In both curves, the load increased linearly until initial peak
load. Semi linear part of the load-deflection curve demonstrates
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Figure 3: Load-deflection curves of low velocity impact tests

Energy profile diagram of aluminum honeycomb sandwich
panels is shown in Figure 4. Equal energy line is a diagonal line
and represents similarity between absorbed and impact
energies. This diagram indicates the relation between the
impact energy and absorbed energy [11-12]. This approach is
useful for comparison of the absorbed and impact energies and
also determining the thresholds of the penetration and
perforation [11-12]. The energy introduced to a panel from the
projectile is defined as impact energy and the energy absorbed
by the panel at the final of the impact event is defined as
absorbed energy [11-12]. Total absorbed energy is calculated
by integrating the load-deflection curve respect to the
deflection. The absorbed energies for impact tests with 50, 75,
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100, 125 and 150 J impact energy levels are 46.44, 68.49, 94.58,
120.53 and 149,1 J, respectively. The comparison of the
absorbed energy values of specimens show that as impact
energy increases absorbed energy values increases. After the
perforation, by increasing the impact energy, the absorbed
energy remains approximately constant.
When the sandwich panel perforated by the projectile at the
end part of load-deflection graph descending section a friction
section between the projectile and the bottom sheet induces [1112]. In addition, this part of load-deflection curve is identified
as post-perforation section [11-12]. For this study, at 150 and
175 J energy levels this phenomenon happened and it is obvious
from load-deflection and energy profile diagram curves. It is
understood from the curves that impact energy value up to 125
J, the absorbed energy value is lower than impact energy. But
in 150 and 175 J energy levels absorbed energies remain
constant. The variation between absorbed energy and impact
energy retains in the projectile and rebounds the impactor from
the specimen final of impact event. As a result, energy
absorption capability of sandwich panels seems to be well until
125 J energy level without perforation. After 150 J impact
energy the perforation is occurred in the specimens.

Figure 5: Front image of sandwich panel impacted at 150 J energy
level.

Figure 4: Energy profile diagram of sandwich panels.

Figure 5 and Figure 6 shows damaged specimen after 150 J
energy level drop test. Front and rear side images of damaged
specimens shows that maximum stroke and damage is on the
specimen 150 J. Tearing in the top sheet and local buckling and
tearing in the bottom sheet can be seen from Figure 6. In
addition crushing and buckling in the honeycomb core
happened.
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Figure 6: Rear image of sandwich panel impacted at 150 J energy
level.

IV. CONCLUSION
This study investigated the penetration/perforation properties of
the Aluminum honeycomb sandwich panels using low velocity
impact tests conducted according to ASTM D7136 standard.
The low-velocity impact tests were performed at 25, 50, 75,
100, 125, 150 and 175 J energy levels. To acquire the load-time
histories, impact force sensor and data acquisition system were
used. Numerical integration method and Newton’s second low
of motion were used to extract the load-deflection data. Energy
profiling method was conducted to determine the penetration

344

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

and perforation thresholds of sandwich panels under low
velocity impact. Front and rear side view near the impact area
in tests were investigated. It was found that 150 J energy level
was the perforation threshold of sandwich panels and after this
level any impact energy results with perforation. The study
results showed that the penetration /perforation behavior of
honeycomb sandwich panels are highly sensitive to the
impactor energy level.
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Abstract - In this study, the effect of the sinusoidal leading edge
on the semi-span NACA 0020 airfoil models having different
wavelength have been investigated experimentally in order to
search aerodynamic characteristics. The experiments were
carried out by measuring aerodynamic forces in the suction type
wind tunnel for Reynolds number of 1.0x105. Semi-span NACA
0020 airfoil models, having constant amplitude (0.025c) and twowavelength value (0.25c, 0.5c) are used. Three different leadingedge tubercles and one baseline semi-span NACA 0020 airfoil are
used in this study. Modified models produce higher lift coefficient
than baseline model.

Keywords - NACA 0020 airfoil, leading-edge, tubercle, lift
coefficient, drag coefficient.

F

I. INTRODUCTION

low control has great importance in terms of delay flow
separation, reduce noise and decrease drag coefficient.
Earlier studies show that the leading-edge tubercles have been
considered passive control device. Fish and Battle [1],
suggested that the flipper which has tubercle structure can be
used for flow control and showed the cross-sectional area of
the humpback whale was similar to the NACA 634-021 airfoil.
The maneuverability of humpback whales was attributed to
unique structure of its pectoral flipper by the researcher. The
humpback whale (Megaptera novaeangliae) is shown in Fig. 1.
Miklosovic et al. [2], that are inspired by the flipper of the
humpback whale, investigated the aerodynamic effects of
NACA 0020 airfoil model with sinusoidal geometry on the
leading edge in the range of Reynolds number between 5.05 ×
105 – 5.20 × 105. Their results showed that the presence of
leading-edge tubercles delays the stall angle about 40%.
Miklosovic et al. [3], also used full-span and semi-span
models based on the NACA 0020 airfoil SUR¿OH and desired to
determine the reason of airfoil performance improvement.
Their results indicated that 3D effects are more prominent due
to generation of vortices. Johari et al. [5] measured the lift,
drag force and pitching moment on the NACA 634-021 airfoil
at Re= 1.83 × 105 by using 6 sinusoidal models with 3
different amplitudes (0.025c, 0.05c and 0.12c) and 2 different
wavelengths (0.25 and 0.50c).

E-ISBN: 978-625-44427-4-2

Figure 1: Humpback whale (Megaptera novaeangliae)
Indian Ocean, Wild Coast, South Africa,
Ullstein Bild [retrieved 23 October 2020][4]

They observed an increase in lift coefficient after the stall
angle and an increase in the drag coefficient before the stall
angle compared to the baseline airfoil. They also performed
the tuft flow visualization method to investigate the separation
characteristics of models and observed that separation occurs
between tubercles in modified models.
Hansen et al. [6] tried to demonstrate the effects of different
airfoil profile over the aerodynamic characteristics at Re =
1.2x105. When all models are examined, for NACA 65-021
airfoil tubercle structure shows much better performance when
compared to NACA 0021 airfoil. For both airfoils, smaller
tubercle amplitude contributes a higher maximum lift
coefficient, but larger amplitude shows better performance
after stall angle. Additionally, smaller wavelength improves
the post-stall characteristics. According to the results, they
suggested that tubercles act in a similar way as vortex
generators. Post et al. [7], investigated the six different airfoil
having leading-edge tubercle in the range of Re between
1.0x105 - 5.0x105 and performed oil flow visualization to
understand the flow phenomena between the models. Results
show that with leading-edge tubercle airfoil models enable to
delay stall and produce higher lift about 25% at post stall
region.
As shown in Figure 1, Humpback whale flipper geometry
has not uniform distribution of tubercles. Therefore, in this
study, models are designed to find the optimum values of the
amplitude and wavelength by considering the geometry of the
humpback whale flipper. The purpose of this study is to
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Abstract – In recent years, Wire Arc Additive Manufacturing
(WAAM) has remarkable development due to low equipment cost
and high deposition rate. In this study, Ti6Al4V material which is
widely used in the aviation industry, was deposited by Wire Arc
Additive Manufacturing. Plasma arc welding machine has been
used because of its high heat input which is more suitable method
for titanium alloys. Investigations were carry out by changing wire
feed speed, travel speed and ampere values. Graphs and tables
were created by measuring layer width and layer height from
single layer samples. Using these values, suitable parameters for
Ti6Al4V were tried to be determined.

When wire arc additive manufacturing is classified according
to the types of welding used it is called by different names. Gas
metal arc additive manufacturing (GMAAM) when MIG-MAG
welding machine is used, gas tungsten arc additive
manufacturing (GTAAM) when TIG welding machine is used
and plasma arc additive manufacturing (PAAM) when Plasma
arc welding machine is used. This classification is shown in
Figure 2.

Keywords – Additive Manufacturing, Wire Arc Additive
Manufacturing (WAAM), Titanium.

A

I. INTRODUCTION

dditive manufacturing, seen as a promising method of
production, has become a subject of intensive study.
Wire arc additive manufacturing (WAAM) has improved
significantly with its low equipment cost and high deposition
rates [1]. This manufacturing method; It is based on combining
the wire feeding and arc welding so that parts produced layer
by layer. This system consists of arc formation from a welding
machine, torch, robot or manipulator to control movement, wire
feeder and a base plate where the final material will be
deposited [2]. Classification of the equipment used is shown in
Figure 1.

Figure 1. Classification of equipment using in wire arc additive
manufacturing (WAAM)

E-ISBN: 978-625-44427-4-2

Figure 2. Wire arc additive manufacturing(WAAM) classification
according to types of welding

Many of experimental studies for different material have
been applied by using these methods such as steel [3],
aluminum [4], nickel superalloys [5] and titanium alloys [6].
Titanium alloys, especially Ti6Al4V attract significant research
interest from the proponents of additive manufacturing due to
its frequent use in aerospace applications, where conventional
substractive fabrication methods for these components often
suffer from very low fly to buy ratios [7].
It is seen that using the Plasma arc additive manufacturing
(PAAM) method, which has a high heat input, in aerospace
materials that are mostly composed of titanium and its alloys,
will be more efficient than other methods such as GMAAM and
GTAAM [8].
This production method has become a rapidly developing
and intensively studied subject with its ability to produce close
to the final shape, shortening of production time, close to zero
material waste and cost advantages. In addition, it is possible to
manufacture complex parts in a single operation and with fewer
process operations, significant reductions in production time
are observed. [9,10]
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III.

RESULTS AND DISCUSSION

Nine single layer samples have been deposited in this study.
Approximate values were determined by taking five
measurements from samples. Wall width and layer heights of
samples are present in Fig 6. Layer heights are obtained 1,08.1,95 mm and wall widths are 4,33-9,06 mm.

The maximum height and minimum height are seen in
samples 7,8 and 9 so it is seen that these values are directly
related to the current. In addition, as the wire feed speed was
low in sample 7, the accumulation rates were low, and in
samples 8 and 9, maximum values were obtained with the
increase in wire feed speed and 105 Ampere current value.
The values were measured with an electronic caliper on the
samples shown in Fig. 4, and the width and height values were
rounded in decimals. 5 measurements were taken from each
sample. %HIRUHDOOPHDVXUHPHQWVWKHWKLFNQHVVRIWKHsubstrate
was measured precisely and the average measurement was
taken as 4.05 mm since the measurement will be used at heights
values.
In this experiment, in order to evaluate our variables current,
wire feed speed and travel speed according to each other, graphs
were created by Contour plot method according to the width of
the produced material. This graphics are presented in Fig 7.
As seen in Fig.7 (a), while the width of the produced material
increases in direct proportion with the increase of the current
value, a significant decrease is observed in the width of the
produced material as the travel speed increases over
approximately 3.6 mm / s. In addition to while the wall width
value of the produced material increases with the increase of the
travel speed up to approximately 3mm / s, decreases in the
material width are observed with the increase of the travel speed
Figure 6. Layer heights and wall widths of samples
above this value at low current values.
When the effect of current and wire feed speed values on the
The maximum layer height were observed in the sample 9, width of the produced material is examined, it is observed that
maximum wall width were observed in sample 8 and minimum while the wire feed speed is approximately 15-18 values, the
layer height and wall width observed in the sample 7.
material width increases up to 95 amps, after this point, it is
observed that the wall widths of the current and wire feed speed
can take different values.
Table 3. L9(33) Orthogonal array of experiments
In examinations where current is high and wire feed speed is
very low, current is low and wire feed speed is very high, it is
Wire
Travel
evaluated that suitable material thickness cannot be obtained.
Sample
Feeder Speed
In general, when there is a significant decrease in the width
No
Curre (mm/s) (mm/s) Width(mm) Height(mm) of the produced material, increases in height are observed.
It is important that the travel speed is at a certain rate with
1
75
15
2,5
6,36
1,32
the wire feed speed, if high wire feed speed is applied at low
2
75
20
3
5,49
1,39
travel speed, very large materials can be obtained. Likewise, if
low wire feed speed is applied at high travel speed, it will be
3
75
30
4
5,24
1,65
observed that the width of the produced material is very low.
However, these evaluations are also important to the current
4
90
15
3
5,97
1,23
value.
5
90
20
4
4,51
1,33
In addition, when examining the graphics drawn by
considering the wall widths, it should be taken into account that
6
90
30
2,5
7,79
1,77
the height will change with the change of variable values.
7
105
15
4
4,33
1,08
For the production of Ti6Al4V material with the wire arc
additive
manufacturing; It is thought that it would be
8
105
20
2,5
9,06
1,75
appropriate to select the parameters by evaluating the
9
105
30
3
7,85
1,95
interrelationships of current, wire feeding speed and travel
speed. The graphic in which this evaluation can be made easily
The width and height values shown in Table 3 have been is presented in fig 7.
written as the average of five measurements.
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(a)

(b)

(c)

Figure 7. Contour plot for with respect to width a) TS(mm/s) and Current (ampere), b)WFS(mm/s) and Current(ampere), c) WFS(mm/s)
and TS(mm/s).

IV. CONCLUSION
Nine samples of Ti6Al4V alloys were successfully
facricated in different parameters by wire arc additive
manufacturing (WAAM) in the study. In the parameters,
current, wire feed speed and travel speed were selected as
variables and the effects of these values on the layer height and
wall width were evaluated. The following results were
obtained.
x
x
x

At high current values, high wall width values can be
obtained with appropriate wire feeding speed.
Increasing the travel speed causes decreases in the
wall width.
It was evaluated that it would be appropriate to
increase the applied current value by increasing the
wire feeding speed.

Selection of proses parameters on Wire arc additive
manufacturing of Ti6Al4V alloys, it was observed that there are
more suitable parameters when examining the relationship
between current, wire feed speed and travel speed.
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Abstract - In this study, a combined power system is aimed to
utilize from the cold energy of LNG. The combined power system
consists of a 2-stage ORC cycle and a direct expansion LNG cycle.
A mathematical model was created for the analysis of the system.
Key parameters for energy and exergy analysis were determined
as propane mass ( pro), pressure ratio (Pr) and heat exchanger-3
outlet temperature (T8), and the effect of these parameters on
system performance was investigated for certain intervals. It was
observed that as pro, Pr and T8 increased, the thermal and exergy
efficiency of the combined power system increased.
Keywords – LNG cold energy, ORC cycle, energy, exergy,
combined power system.

T

I. INTRODUCTION

RANSPORTING natural gas, which is one of the important
energy resources, over long distances is preferred in LNG
form due to economic and geographic reasons. Natural gas
must be cooled down to -162 ° C while it is extracted to make
it portable. LNG must be re-gasified in order to be used as fuel.
Cooling energy is generated in this process. Rearranging LNG
requires about 800 kJ / kg of heat energy [1].
There are many studies in the literature on power cycles using
the cold energy of liquefied natural gas. Badami and Bruno [2]
analyzed three combined cycle systems for power generation:
the first is a direct expansion cycle with a Rankine cycle, the

second offers double expansion with reheat and a recovery heat
exchanger, and the last one is under two different turbine
pressures running parallel Rankine cycles. The performance of
the three cycles was compared and the effects of using work
fluids with different characteristics were analyzed in detail. The
main goal of Sadreddini and Ashjari [3] is to find the best cycle
to recover energy from two different sources, including a
medium temperature wastewater, heat and water vapor cooling.
For this, they considered three different cycles and compared
the optimum performances. These systems include a
transcritical carbon dioxide cycle, an ORC, and a combination
of the two. Bao and Yuan [4] compared eight different systems
by combining one-stage Rankine cycle and two-stage Rankine
cycle in series and parallel, respectively. Taking the net power
output as an objective function, they optimized the basic
parameters and working fluids of the eight systems at four
different LNG evaporation pressures simultaneously.
In this study, energy and exergy analysis of a new combined
power system using sea water as a heat source and cold energy
of LNG as a heat well has been performed.
II. SYSTEM DESCRIPTION
The proposed combined power system shown in Figure 1
consists of an ORC cycle and a direct expansion LNG cycle.

Figure 1: Schematic diagram of proposed combined power system
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In the ORC cycle, sea water is used as the heat source and the
cold energy of LNG is used as the place where heat is
discharged. In addition, a direct expansion LNG cycle is
included in a combined power system in order to benefit from
this energy of pressurized natural gas converted into gas phase.
III. MATHEMATICAL MODELLING OF PROPOSED COMBINED
POWER SYSTEM
A mathematical model is created for the energy and exergy
analysis of the combined power system. The following
assumptions have been made for the analysis of system
performance.
• Combined power system operates in steady state condition.
• Kinetic and potential energy changes are neglected.
• The turbine, pump in the combined system has isentropic
efficiency.
• Ambient temperature and pressure are assumed to be 298 K
and 100 kPa, respectively.
The first input acceptance of some parameters for the solution
of the mathematical model and the design of the system are
presented in Table 1.

Symbol

Table 2: Energy balance equations for the components of the system
Component

Energy Balance Equation
ORC

T-1

=

(

T-2

=

(

)

)

HE-1
HE-2
HE-3
P-1

=
=
=
=

(
(
(

P-2

=

(

P-3

Table 1: Design input parameters
Parameter

A. Energy Analysis
Energy balance equations for each component of the
combined power system are given in Table 2.

(
(

)
)

=

(
(

)
)

(
(
(
=
(
(
=
(

)
)
)
)
)
)

)
)

(

=

=

)
)

=

)
(

)

LNG Line

Value
T-3

=

(

)

Sea Water Line
Sea water pump inlet pressure

P13 P16 P19 P22

100 (kPa)

Sea water pump inlet temperature

T13 T16 T19 T22

20(oC)

Sea water pump outlet temperature

T15 T18 T21 T24

20(oC)

Organic Rankine Cycle
Pressure rate

Pr

25

Propane flow rate

m

110(kg/s)

Superheating temperature

Tsh

3(oC)

Condenser temperature

T8

-70 (oC)

Turbine isentropic efficiency

,

Pump isentropic efficiency

0.90
0.85

LNG Line
LNG flow rate

m

100 (kg/s)

Turbine 3 inlet pressure

P4

8000(kPa)

Natural gas distribution temperature

T6

0 (oC)
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HE-4
HE-5
P-4

=
=
=

(
(
(

P-5

=

(

P-6

=

(

)
)
)
)

)

=

(
(

)
)

=

(
(

)
)
)
)

=

(
(

=

(
(

)
)

The net power and thermal efficiency of the system are found
with the following equations.
=
+
(
+
+
=
(
+
+
)
=
+
=
+
+
Thermal efficiency of the system:
=

)

(1)
(2)
(3)
(4)
(5)

B. Exergy Analysis
Fuel and product exergy equations and exergy destruction
equations for each component of the combined system are given
in Table 3. Kinetic and potential exergy have been neglected.
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Table 3: Fuel and product exergy definitions for the system components
Component

Fuel

Product
+

P-1
+

HE-1

+

+

+

+

T-1

+

P-2

+

HE-2

+

+

+

+

+

T-2
+

HE-3

+

+

+

+

P-3

+

P-4

+

P-5

+
+

HE-4

+

+

+

+

P-6
+

HE-5

+

+

+

Chemical exergy has been taken into account only in the
combustion chamber, since no chemical reaction occurs in the
other components. Physical and chemical exergy were
calculated from the following equations.
=

(
F,HE1+

+

+

T-3

in=

+

F, HE 2+

)
F, HE 4 +

F, HE 5

(6)
(7)

Exergy efficiency of the system:
=
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(8)

+

IV. RESULTS AND DISCUSSION
It has been studied how the change of key parameters affects
system performance. The key parameters are the propane mass
ratio, the pressure ratio in the ORC cycle and the outlet
temperature of the heat exchanger 3. The effects of these
parameters on the energy and exergy efficiencies and the exergy
efficiency were investigated (Figure 2). System performance is
compared by changing the design input values. In the
parametric study, it should be noted that when one variable
changes, the values in Table 1 of the other variables are kept
constant. Thermodynamic properties are calculated for each
component of the system according to the design input
parameters given in Table 1 and are presented in Table 4.
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Table 4: Thermodynamic data for the proposed system
State

(kg/s)

P (kPa)

T( )

(kW)

(kW)

(kW)

1

100

-162

100

108404

0

108404

2

100

-159

8000

44086

65644

109730

3

100

-48.41

8000

4309

65644

69953

4

100

0

8000

326.50

65644

65970.5

5

100

-44.07

4000

2527

55943

58470

6

100

0

4000

276.30

55943

56219.30

7

110

-36.38

24.34

1205

-8660

-7455

8

110

-70

24.34

26286

-8660

17626

9

110

-69.76

608.50

7084

10639

17723

10

110

11.41

608.50

63.73

10639

10702.73

11

110

-37.86

121.70

1468

1192

2660

12

110

11.41

121.70

57.04

1192

1249.04

13

1443

20

100

240.60

0

240.60

14

1443

20.01

300

239.40

289.40

528.80

15

1443

10

300

2310

289.40

2599.40

16

215.80

20

100

35.98

0

35.98

17

215.80

20.01

300

35.81

43.28

79.09

18

215.80

10

300

345.60

43.28

388.88

19

446.90

20

100

74.52

0

74.52

20

446.90

20.01

300

74.15

89.63

163.78

21

446.90

10.0000

300

715.60

89.63

805.23

22

280

20

100

46.68

0

46.68

23

280

20.01

300

46.46

56.15

102.61

24

280

10

300

448.30

56.15

504.45

-

-

-

-

340.1

-

-

-

-

7050

-

-

-

-

50.86

 P 1
W
 T 1
W
 P2
W
 T 2
W

WP 3
 P 4
W
 P 5
W
 T 3
W
 P 6
W

-

-

-

-

-

7625

-

-

-

-

-

123.4

-

-

-

-

-

2186

-

-

-

-

105.3

-

-

-

-

6549

-

-

-

-

65.99

-

-
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As seen in Figure 2, the energy and exergy efficiencies increase with the increase of propane mass ratio, pressure ratio in the
ORC cycle and the exit temperature of the heat exchanger 3.

Figure 2: The effects of propane mass ratio (a), the pressure ratio in the ORC cycle (b) and the outlet temperature of the heat exchanger 3 (c) on
energy and exergy efficiencies
[6]

V. CONCLUSION
In this study, a new combined power system using LNG's
cold energy is designed. The effect of selected key parameters
on the performance of the system was investigated. It was
revealed that the increase in the propane mass ratio, the pressure
ratio in the ORC cycle and the exit temperature of the heat
exchanger 3 increased the energy and exergy efficiency.
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Investigation of Effects of Boron Additives on
Performance of Cam Mechanisms
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Abstract - The use of additives in the contacting surfaces is
essential for the formation of a thin lubricant film, which separates
the moving surfaces from each other. Boron compounds, in
particular, are very helpful for the sliding surfaces. The aim of the
investigation is to clarify how the boron additives influence the
lubricating ability of the engine oil using in the sliding contact of
the cam-follower. In this study, the considerable results in the tests
of engine oil with boron compounds and with base oil are obtained.
And also, the influences of the minimize interface friction has been
observed under different test conditions.
Keywords - Oil Additives, Internal Combustion Engine,
Lubricant, Boron Compounds, Friction Force, Friction
Coefficient, Boric Acid, Boron Nitride.

I

I. INTRODUCTION

N many applications like gears, cams, valves, the operating
conditions warrant the operation to lie in the mixed
lubrication regime[1]. Besides, under very heavy loads, slow
relative speed, insufficient surface area and scarcity of
lubricant, the formation of the thick film necessary for
hydrodynamic lubrication become difficult and interacting
surfaces contact each other at several locations and tribo–pairs
operate in mixed lubrication. The basic principle of lubrication
is to keep an oil film between separated surfaces of the machine
part moving relative to each other and to minimize wear.
Additives in the lubricant strongly influence the behavior and
the operational lifetime of the cam mechanisms. [2]. Ideally,
this would be accomplished with an oil film thick enough to
eliminate any contact in all internal combustion engine parts
and bearings, but this may not be always possible. Therefore, to
provide new desirable properties, improve existing features,
and eliminate some undesirable features or at least reduce them
to a minimum level, some additives are added to the lubricants
[3]. In an actual engine, the lubricating oil film thickness will
range from a continuous film of oil in hydrodynamic
lubrication, as in crankshaft bearings, to a trapped and thinner
film in elastohydrodynamic lubrication and boundary or mixed
lubrication [4], as in cam-follower mechanisms. Hence, to
improve the lubricating ability of the base oil and to make motor
oil more slippery, boron-based additives are used with base oil
which reduce friction between engine parts in an automobile
and thus increasing wear resistance [5-7].
Boron compounds have a unique combination of tribological
properties and unique ways of interacting with sliding surfaces
to provide low friction and wear under both dry and lubricated

E-ISBN: 978-625-44427-4-2

sliding conditions. In fact, several journal articles provide
information on the properties of certain solid lubricants that
were mixed with a range of liquid and greases lubricants [8, 911]. Without the boric acid particles, the friction coefficient of
base oil is around ~0.15. When base oil is blended with
nanoscale boric acid particles, the friction coefficient is reduced
to 0.04. Because of their layered structure, they can shear easily
to provide low friction [8]. Hexagonal boron nitride is a wellknown lamellar solid lubricant like graphite [8,12, 13]. In its
atomic layers, boron and nitrogen are covalently bonded to one
another to form a two-dimensional atomic sheet, while bonding
between the layers is primarily van der Waals type and weak.
The hBN has self-lubricity and can be used for mechanical seals
and high-temperature solid lubricants and as padding between
metal and ceramic to make bearings. Kimura and his coworkers
showed that the addition of hBN powders into oil at
concentrations as low as 1 wt% significantly reduced wear [7].
Hexagonal boron nitride (hBN) and boric acid stand out as very
effective solid lubricants. They are very soft, but due to their
unique lamellar structures, they provide some of the lowest
friction coefficients in a variety of tribological applications
[7,8,14]. In addition, they are generally believed to have little if
any detrimental effect on either the machine components or the
environment [7]. Specifically, boron compounds have been
extensively studied as boundary-lubricating oil-soluble
additives, solid lubricants, and surface coatings [15,16,17].
Therefore, research on boron-based additives has considerably
increased within the last decade. But there are little data
currently available on the tribological behavior of base engine
oil and boron additives on the cam mechanisms. Thus, two
types of boron compounds and their effect on the base engine
oil were investigated using the cam and follower mechanism,
designed and manufactured in the laboratory. The results can
guide the tribological application of engine oil using with
different boron compound additives on the cam mechanisms,
existing in internal combustion engines and many industrial
applications.
II. THEORETICAL BASES
A. Force Analysis
In the cam mechanism, the contact load acting on the camfollower contact area varies depending on the cam rotation
angle. Maximum contact load occurs at cam angles where the
cam nose is in contact with the follower.
The loading state of the flat-surface follower-cam pair is shown
in Figure 1. Here, the contact load is in the same direction as
the centerline during a cam period due to the flatness of the
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follower surface. The contact load at the contact surface is
constant only along the base circle. The cam surface acts on the
follower surface with the cam pressure angle depending on the
cam rotation angle. The maximum value of the pressure angle
in question occurs in the cam position where the contact point
of the two surfaces is furthest from the centerline, as shown in
the Fig.1. Thus, the cam remains under the influence of the
maximum torque at the rotation angles corresponding to these
positions.

Fs

K 0 (u1  u2 )
hcen

b

§

2

©

b ¹

·

x
D  pmax ¨¨ 1 2 ¸¸

" ³e

dx

(4)

b

Figure 2: Experimental and theoretical results of the friction force
at 312N contact load.

h

Figure 1: Loading status of flat-surfaced cam-follower pair.

B. Friction Force
The regime of true mixed lubrication, where there are both
elastohydrodynamic and boundary lubricated regions within a
single contact, remains quite poorly understood. The camfollower pair is a very complex lubricated contact because of its
continuous variation of load, speed and radius of curvature. In
order to determine the friction force arising in the
elastohydrodynamic contact under the forces acting through a
period in the cam mechanism, the calculation process was made
as follows.

" u1  u 2

Fs

b

K

b

cen

³h

dx

(1)
III. EXPERIMENTAL SETUP

Where, " is cam stroke, u1 and u2 are velocity components
at the x direction of the contact points of the cam and the
follower,
is lubricant viscosity, and is given in Equation 2

K 0 e Dp

(2)

and hertz pressure distribution at the contact is given with
Equation 3
px

§ x
p max 1  ¨¨
© bHz

·
¸¸
¹

2

(3)

By substituting Equations (2) and (3) in Equation (1), the
friction force on the contact of the cam follower can be written
as follows.
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Where, cen is the film thickness at the lubricated contact
between cam and follower where the maximum hertz pressure
occurs [18]. The integration process encountered in the
calculation of the friction force is solved numerically. It is seen
that the results obtained in theoretical and experimental studies
are in harmony with each other. However, a slight difference
has been observed in the theoretical and experimental friction
force graphs, for example, as seen in Figure 2. The reason for
this is that the Barus equation, which gives the pressureviscosity relationship in the equation (4) used in the theoretical
analysis, gives more values than the actual values of the
lubricant behavior of non-conformal contacts under heavy
loading conditions [19]. Therefore, many rheological models
have been put forward to determine lubricant behavior in
elastohydrodynamic contact in lubricant rheology. It has been
observed that there are also differences between the theoretical
and experimental friction coefficient results obtained from
these models [20].

A. Description of The Test Rig
The mechanical system and measurement unit of the test
apparatus is designed to measure the frictional behavior
between cam and follower at different loads, speeds and
lubricating conditions. A lubricating system is designed to
investigate the effect of different type of oils on the friction
behavior at the cam/ follower interface. In order to ensure safe
and accurate data collection and storage, a computer and a data
acquisition system are attached to the measurement unit and a
computer program is written to evaluate this data.
The test apparatus was manufactured in the Mechanical
Engineering Department at Karadeniz Technical University.
Detailed information about the test apparatus can be obtained
from Ref. [21]. The test apparatus mainly consists of a driving
unit, a measurement unit, a cam/ follower system, a loading unit
and a lubricating unit as illustrated schematically in Ref. [21].
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The camshaft is driven by a 5.5 kW induction type electric
motor whose speed can be changed by a speed control unit in
the range of 0–1200 rpm. There is a belt-pulley mechanism
between the cam shaft and the electric motor and a flywheel is
added to the driving shaft to provide a stable rotation of the cam.
The flywheel is supported by two ball bearings and connected
to the cam shaft via a gear type clutch. The cam shaft consists
of a 32 mm-base diameter cam profile and a 7.888 mm-cam
stroke which are actual case and is held rigidly to the stationary
plate by two journal bearings. A measurement beam for
calculating friction force is mounted on a carriage pad, which is
rigidly connected to the cylinder. The follower is fixed
vertically to the measurement beam and applies a preload to the
cam surface by means of a spring. The loading of the follower
is provided by the spring stroke, which changes via the rotation
of cam. The pairs of cam and follower were selected from
Mercedes cam and INA follower.
B. Measurement Procedures
To determine the friction force, the balance of forces applied on
the follower in the vertical direction should be considered. The
friction force applied to the follower by cam, Ff, causes a tensile
effect on the measurement beam (Fb) and the effect produces a
signal proportional to the beam force, which can be used in the
calculation of the friction force. The balance of forces in the
vertical direction applied on the follower can be written as:
(5)
Ff = Fmv + Fb

loading system. This acceleration meter has a voltage
sensitivity of 7.43 V/ms-2 and strain sensitivity of 0.003 ms-2
/μstrain in the horizontal direction. An acceleration sensor is
used for the calculation of friction force in the vertical direction
in order to measure the mass force and mounted below the
follower. This sensor has an accuracy factor of 0.03. The
signals taken from the sensor are amplified by a charge
amplifier and are sent to a computer via a data acquisition
system. Temperatures of the test samples, on the other hand,
were measured with K type thermocouple. The end of
thermocouple connected to specimen, quick and reliable
contact temperature readings via functional millivoltmeter is
possible.
C. Base Oil and Boron Additives
Typical physical characteristics of the base oil (20W50 engine
oil), used in this study, are given in Table 1. As additives, two
kinds of boron compounds hexagonal boron nitride and boric
acid powders used. Because of the additive content in the base
oil was low, the viscosity variation of oil was neglected.
Table 1: Typical physical characteristics of the base oil

where Fmv is the mass force of the follower that can be
determined by using the following equation:
Fmv = mv Â av

(6)

where ‘‘mv’’ and ‘‘av’’ are mass and acceleration of follower
in the vertical direction, respectively. The friction coefficient
can then be easily calculated from the well-known Coulomb
friction law as:
(7)
μ =Ff /Fn
Fn = Fspring + Fmh

(8)

Where Fn is the normal force applied on the contact region of
the cam/ follower, Fspring is the spring force and Fmh is the mass
force arising from the moving masses in the horizontal
direction. The mass force can be calculated as (Fmh = mh Â ah).
Where “mh” is the mass of moving parts in the horizontal
direction and “ah” is the acceleration. The spring force is, then,
calculated from a calibrated spring in terms of the cam stroke.
The spring force includes the preloading force and the stroke
force of the spring acquired by the reduction in spring length
due to cam movement. In this system, a spring having a spring
coefficient of 104.7 N/mm is used and the calibration equation
is Force [N] =104.7Âx displacement of spring (mm).
In the test apparatus, two types of accelerometers were used to
measure the mass force in vertical and horizontal directions due
to the acceleration of moving masses. The mass force in the
horizontal direction is measured by using a piezoelectric type
of accelerometer sensor, which works by a compression effect
and is mounted rigidly between two linear bearings in the
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D. Test Methodology
To investigate the effects of boron compound additives on the
motor base oil, and to determine their optimum ratios, base oil
was prepared by addition of 2wt.%, 4wt.%, 6wt.% HBN and
BA and the optimum concentration ratio was determined as 4
wt% for boric acid (H3BO3) and 4 wt% for hexagonal boron
nitride (hBN) [2]. So, in this study, experiments carried out by
addition 4wt HBN and BA to the base oil. Samples were tested
at various loads and speeds under lubricated conditions.
Experiments were conducted at 400, 600 and 800 rpm, and 212,
312 412 N contact loads. Experimental periods were selected as
10 minutes for every test after running-in, and the average
values of at least three tests were taken.
The measurements were recorded continuously, and the friction
force was recorded with the load cell. Temperature of samples
was measured with a thermocouple connected to the follower.
Tribological properties were determined at 40ࡈC, in 70%
relative humidity (RH). Both boron compound additives used
were 99.9% pure, and the size of HBN and BA powders was as
of 10 and 50 micrometers, respectively. The results were
evaluated taking into consideration the forming a tribofilm in
mixed or EHD lubrication.
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V. CONCLUSION
Contact loads of the cam and follower were 212, 312 and 412
N, respectively. These were very near Hertzian pressure
becomes in EHL, and contact surface non-conformal.
Therefore, the system may be evaluated in a mixed lubrication
regime, and local micro EHL zones may form at the interface
of roughness surfaces. Local micro EHL zones and micro
contact of the roughness surfaces affects the friction coefficient
seriously. Especially, the formation of tribofilm in micro scale
can reduce friction coefficient in the boundary or mixed
lubrication. Furthermore, the tribofilm reduces the effect of
micro EHL and micro contact of the surface roughness. From
the above experimental results, following conclusions can be
drawn:
o In engine parts, especially on the cam and follower,
boron compound additives can reduce friction force
seriously, forming a tribofilm, in the boundary or
mixed lubrication conditions.
o The reduction of friction force, especially at high
speeds, and high loads was observed.
o The effect of boron compound additives on the friction
force rises with increasing of contact load and speeds.
o Effect on friction force of BA and hBN on the pair of
contact was very close to each other. But the effect of
boric acid additive was better than that of hBN.
o Boric acid additives have more influence than that of
hexagonal boron nitride additive in reducing friction
force, and this influence was increased with increasing
contact load.
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Abstract - The surface roughness of two contacting surfaces
significantly influences the tribological performance of the
mechanical elements. Their impression is more pronounced
under the mixed elasto-hydrodynamic lubrication condition. The
cam and flat follower mechanism is a typical sample in which
adverse tribological conditions, including direct boundary
interactions occurs. In this study, effects of surface roughness on
the friction force and friction coefficient are investigated using
engine oil at different test conditions in a cam follower
mechanism. It is seen that decreasing roughness of the contact
surfaces has a more desirable tribological performance, and
decrease friction coefficient, therefore increase wear resistance.
Keywords - Surface Roughness, Oil Film, Friction Coefficient,
Combustion Engine Oil
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I. INTRODUCTION

he effect of surface roughness pattern on the tribological
performance of mechanical elements is an important issue
that has attracted much attention for more than four decades.
The properties of surface layers are crucial to understand the
tribological performance. Various machine components such
as bearings, gearbox, camshaft, crank shaft, etc. require
excellent tribological properties and practices to ensure longer
life. Understanding engineered surfaces is very important for
solving many scientific problems that involve friction, contact
mechanics, heat conduction, electric current conduction, and
component design [1]. Surface roughness has been the subject
of experimental and theoretical investigation for a long time.
Surface texture is one of the most important parameters that
controls the tribological behavior. Patir and Cheng developed
a stochastic analysis approach to study the effects of surface
roughness height and distribution between components upon
the lubrication of machine elements, [2], [3]. The approach
has also been used to assess cam and follower performance
e.g. Refs. [4], [5]. For the direct acting cam and follower
situation shown in Fig. 1, Dowson et al. [3] studied the
predicted effects of surface roughness upon nominal film
thickness, power loss and load carried by the asperities. Due to
the fact that there are still very few examples of attempting to
reduce friction in boundary lubrication conditions with high
contact pressure such as cam/follower combination, the effects
of surface texturing remain unknown. Ehret et al. [6] have
studied the effects of various surface textures, described by
either an orientated waviness or a uniform distribution of
asperities, for rolling and sliding conditions. Surface texture
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can lead to important differences and in pure sliding it is
shown that the best lubrication condition is produced for
transverse waviness. The definitive linking of surface texture
to improved machine element performance in, say, a cam and
follower, would be a powerful technique [5]. O’Connor and
Spedding [7] undertook an experimental study of the effect of
surface waviness on a cam profile. Such waviness was
influenced by the form imposed onto the grinding wheel by
the roller dresser. Wear and oil retention characteristics of the
automobile camshaft surface were investigated. It was
suggested that the wavy cam surface could offer good oil
retention characteristics but that with time the release of hard
wear particles due to the wave peaks could be problematical. It
was proposed that a cam surface having the same roughness,
but zero or reduced waviness, would show improved
performance. Waviness on automotive cams remains an issue
and it is interesting to note that analysts are now in a position
to contribute to the debate on the overall influence [5], [8]. For
tribologists, the most critical interface in the valve train is the
cam and follower due to the problem of providing effective
lubrication. Often, it was assumed that the cam and follower
operated in the boundary lubrication regime; however, more
recent investigations have shown that mixed and
elastohydrodynamic lubrications are the dominant regime.
The cam and follower lubrication is one of the interesting
issues of transient EHDlubrication that has rarely been
investigated specially for rough surfaces. Thus, effects of
surface roughness on the friction force and friction coefficient
are investigated. The results can provide guidance on the
tribological application of cam and follower in industrial
application.
II. THEORETICAL BASES
A. Force Analysis
In the cam mechanism, the contact load acting on the camfollower contact area varies depending on the cam rotation
angle. Maximum contact load occurs at cam angles where the
cam nose is in contact with the follower.
The loading state of the roughness flat-surface follower-cam
pair is shown in Figure 1. Here, the contact load is in the same
direction as the centerline during a cam period due to the
flatness of the follower surface. The contact load at the contact
surface is constant only along the base circle. The cam surface
acts on the follower surface with the cam pressure angle
depending on the cam rotation angle. The maximum value of
the pressure angle in question occurs in the cam position
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where the contact point of the two surfaces is furthest from the
center line, as shown in Fig.1. Thus, the cam remains under
the influence of the maximum torque at the rotation angles
corresponding to these positions.
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III. EXPERIMENTAL SETUP
A. Description of The Test Rig
The test apparatus was manufactured in the Mechanical
Engineering Department at Karadeniz Technical University.
Detailed information about the test apparatus can be obtained
from Ref. [10], [11], [12]. The mechanical system and
measurement unit of the test apparatus are designed to
measure the frictional behavior between cam and follower at
different loads, speeds and lubricating conditions. A
lubricating system is designed to investigate the effect of
different type of oils on the friction behavior at the cam /
follower interface. In order to ensure safe and accurate data
collection and storage, a computer and a data acquisition
system are attached to the measurement unit and a computer
program is written to evaluate this data.

Figure 1. Roughness considerations in a cam and flat surfaced
follower pair.
B. Friction Force
The general form of the Reynolds equation for EHD
lubrication of two smooth surfaces has been presented in many
publications, such as [9]. Generally, when two surfaces
contact each other in the presence of lubricant, pressure in the
entire domain is governed by:

+

=6

(

) + 12

(1)

ZKHUH S LV WKH K\GURG\QDPLF SUHVVXUH ȡ LV WKH OXEULFDQW¶V
GHQVLW\DQGȘLVWKHYLVFRVLW\RIWKHOXEULFDQW)LOPWKLFNQHVV
h, is defined as the gap between two surfaces. Therefore, when
the surfaces are rough, the film thickness for the line contact
problem can be expressed as following:
( , )=
(2)

+ ( , )+ ( , )

ZKHUH9DQGįDUHWKHVXUIDFHHODVWLFGHIRUPDWLRQDQd
the asperities’ height, respectively. The regime of true mixed
lubrication, where there are both elâstohydrodynamic and
boundary lubricated regions within a single contact, remains
quite poorly understood. The cam-follower pair is a very
complex lubricated contact because its continuous variation of
load, speed and radius of curvature. In order to determine the
friction force arising in the elasto-hydrodynamic contact under
the forces acting through a period in the cam mechanism,
instead of h mentioned above, using which is the film
thickness at the lubricated maximum hertz contact between
cam and follower, the final calculation process can be write as
follows.
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B. Measurement Procedures
In the test apparatus, two types of accelerometers were used to
measure the mass force in vertical and horizontal directions
due to acceleration of moving masses. The mass force in the
horizontal direction is measured by using a piezoelectric type
of accelerometer sensor, which works by a compression effect
and is mounted rigidly between two linear bearings in the
loading system. To determine the friction force and friction
coefficient, detailed information about friction force applied to
the follower by cam, causes a tensile effect on the
measurement beam and the effect produces a signal
proportional to the beam force, which can be used in the
calculation of the friction force [12]. The measurements were
recorded continuously, and friction force was recorded with
the load cell. Temperature of samples was measured with a
thermocouple connected to the follower. Tribological
properties were determined at ambient temperature, in 70%
relative humidity (RH). The results were evaluated taking into
consideration the forming a tribofilm in mixed or EHD
lubrication.
In order to understand the effects of surfaces roughness on the
tribological behavior in the cam-follower mechanism, surface
roughness and morphologies of the contact surfaces and wear
surfaces were investigated using a surface roughness test
apparatus and scanning electron microscopy. In this study,
roughness of the surfaces of cam and followers are measured
using contact profilometers. The most common method of
studying surface texture features is the contact-type stylus
profilometer. A fine, very lightly loaded stylus is dragged
smoothly at a constant speed across the surface under
examination. The height position of the stylus generates an
analog signal which is converted into a digital signal that is
stored, analyzed, and displayed, and the output provides a
magnified view of the original profile.
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high local contact pressures on the contrary to profiles with a
low Ra.
Figures 8a–8c shows scanning electron microscope
morphologies of the contact surfaces before test, and Figures
8d–8f after dry test under 312 preloads at 600 rpm and
ambient temperature.

evaluated in a mixed lubrication regime, and local micro EHL
zones may form at the interface of roughness surfaces. From
the above experimental results, following conclusions can be
drawn:
o the surface roughness has an important role on of
friction values in engine parts during sliding,
especially on the cam and follower,
o in dry contact, the adhesion effect is more intense
due to scuffing on the cam-follower surfaces.
o In the running-in period, the asperities are
gradually flattened and friction coefficient is
progressively reduced until reaching the steady
state.
o as the roughness values increase, the friction
coefficient and friction force also increase.
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Fig. 8—SEM morphologies of contact surfaces; nonlubricated i.e. dry contact tests (a)-(c) before test and (d)-(f)
after test; lubricated contact tests (g)-(i) before test and (j)-(l)
after test under 312 preload, at 600 rpm. In this chapter,
attempts have been made to study various surface roughness
values.
As seen in Figs. 8d–8f, the worn surface of the follower
lubricated by base oil was characterized by slight adhesion
wear. For lubricated conditions, Figs. 8g–8i and Figs. 8j–8l
shows morphologies of the contact surfaces before and after
the tests, respectively. As seen in Figs. 8j–8l, the worn surface
of the follower was characterized by abrasion wear, some
adhesion wear.
V. CONCLUSION
Contact loads of the cam and follower were 312 N. These
were very near Hertzian pressure becomes in EHL, and
contact surface non-conformal. Therefore, the system may be
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Abstract - In this study, the fatigue life of a shrink-fitted twolayer cylinder operating under high pressure is estimated by
using Finite Element Method (FEM). The cylinders material used
in this investigation is AISI 4140 steel. In this context, the fatigue
life of the inner and outer cylinders was determined under 300
MPa pressure depending on the one-sided shrinkage tolerance. In
the study, 11 different shrinkage allowance were used. The
optimum shrinkage allowance was determined according to the
fatigue life of the two cylinders. Accordingly, when the shrinkage
allowance increased, the life of the inner cylinder increased up to
189.73 times, while the life of the outer cylinder decreased by
99.8%. In addition, the fatigue life values of the two-layer
cylinders were compared with the fatigue life of the single-layer
cylinder with the same geometric dimensions. While the life value
was obtained as 5586 in the single layer cylinder, this value was
calculated as 9530 even in the double layer cylinder with a
shrinkage allowance of 0.01 mm. As a result, it has been found
that using shrink-fitted two-layer cylinders are more
advantageous in terms of fatigue life than single-layer cylinders.
Keywords – Fatigue Life, Finite Element Method, Shrinkage
Allowance, Two-Layer Cylinder

I. INTRODUCTION
Shrink fitting of cylinders is a widely used assembly
method in the industry. For example, gear-shaft connections,
pressure intensifier cylinders, tool holders, turbine shafts and
rotor-electric motor connections [1]. Shrink fit is an assembly
method in which heat is used, high radial stresses occur in
cylindrical parts, and two or more cylinders with a tolerances
are combined. [2]. The heated metal cylinder will expand and
grow, and the cold cylinder can be easily assembled inside the
heated cylinder. Then the heated cylinder, which has cooled
down, tries to return to its original size and applies radial
pressure to the inner cylinder. [1]. Friction between the
cylinders is very important in terms of torque transmission and
safety of the assembly.
Öztürk [1] investigated analytically and numerically the
interference pressure of two cylinders designed with steel-steel
and steel-aluminum materials at different shrinkage allowance
in the shrink fit process. In addition, the stresses occurring
along the thickness distribution in the shrink fit process were
determined and verified with analytical values. In the study, it
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was stated that when the geometry of cylinders is simple, it
may be sufficient to calculate the stress and interference
pressures by analytical methods, but the finite element
analysis results are more reliable in complex geometry
assembly processes. Patil A. S., [3] used cylinders made of
AISI 1020 steel with shrink fitted inner diameter 100 mm and
outer diameter 153 mm. The cylinders were subjected to
cyclic internal pressure between 0-250 MPa and the constant
pressure applied to the outer surface. Both the cylinders were
subjected to constant and non-constant amplitude loading.
Fatigue analysis of compound cylinders was done by FEM.
Due to the high number of cycles, the Stress-Life method was
used. Analysis results showed that the outer cylinder was
damaged earlier than the inner cylinder. It was stated that the
contact surfaces, which are the most important region in the
cylinders, fatigue faster than the other regions. Özel et al., [4]
investigated the stress and deformations for different hub-shaft
connections using FEM to determine the shrink fit between
compound cylinders. It was stated that the ends of the
cylinders are more dangerous than the center of cylinders.
Miraje et al. [5] analyzed the fatigue life of three compound
cylinders under internal pressure was determined by Finite
Element Analysis. In addition, three cylinders were designed
to operate at infinite life, and the total cylinder volume was
tried to be reduced to a minimum. Optimized parameters in the
study were cylinder diameter ratios and shrinkage allowance.
The optimum limits of the geometric parameters of all three
cylinders of limited life were determined and verified through
analytical and analysis.
High pressures are used in the industry in hydroforming,
cutting with water jet, in the strength and fatigue tests of
technological products such as cylinders, pipes, valves,
fittings, hydrogen tanks, especially composite tanks. In
addition, ultra-high pressures are also used in autofrettage,
industrial cleaning and high-pressure pasteurization processes.
Single or multi-layered cylinders are used in the high pressure
regions of the pumps called pressure intensifier, which are
used to getting high pressures.
In this study, the effect of shrinkage allowance on fatigue life
in compound cylinders was investigated. In the literature, it is
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Life curves of the inner and outer cylinder intersected at
approximately 0.11 shrinkage allowance. When low shrinkage
allowance is used in systems, the outer cylinder can be safe,
but the inner cylinder that sees and transmits the pressure will
quickly fatigue. Instead, by giving applicable large tolerances
to cylinder geometries, both cylinders can be operated for a
very long life.
The fatigue life obtained for a shrinkage allowance of 0.01
mm is given in Figure 8a. In Figure 8b, the fatigue life obtained
for 0.11 mm shrinkage allowance is given. For 0.01 mm, the
life of the inner cylinder is 9530 cycles, while the life of the
outer cylinder is 108 cycles. For 0.11 mm, the life of the inner
cylinder is 1808100 cycles, while the life of the outer cylinder
is 1685000 cycles. Life increased by 189.73 times in the inner
cylinder and 59.35 times in the outer cylinder.

S-N diagrams according to different stress ratios were
shown in Figure 2. According to this diagram, as the stress
ratio approaches -1, the fatigue life of the material and the life
values increase. The analysis results given for the inner
cylinder in Figure 10 also confirm the S-N curves. The life of
the inner cylinder gradually increased as the stress ratio
approached -1. The same change applies to the outer cylinder.
As the stress rate increases, a decrease in outer cylinder life
has been observed.

Figure 10: Fatigue life curve versus R-Ratio

IV. CONCLUSION

Figure 8: Fatigue life for a) 0.01 mm shrinkage allowance b) 0.11
mm shrinkage allowance

The fatigue life of a single layer cylinder of the same
geometric size and a double layer cylinder with a shrinkage
allowance of 0.01 mm was investigated. While the life of the
single-layer cylinder is 5586 cycles (Figure 9), the life of the
double layer cylinder with a shrinkage allowance of 0.01 mm
was determined 9530 cycles (Figure 8a). Single layer cylinder
has 1.7 times less working life than double layer cylinder
(cylinder with the least life) with the lowest shrinkage
allowance.

In this study, the fatigue life of compound cylinders
depending on the shrinkage allowance and stress ratio is
calculated. As a result, it has been determined that the
shrinkage allowance positively affects the fatigue life of the
compound cylinders. By choosing the optimal shrinkage
allowance for the cylinder geometries, the fatigue life of the
cylinders can be improved. The paper can contribute to future
pressure about high-pressure fatigue tests.
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Abstract -In firearm barrels, several manufacturing methods
have been used for increasing precision of shot with generating
rifling marks to internal face of barrel and providing longer
barrel life. Flow forming (tube spinning) is a preferred approach
for producing cylindrical parts which enables improved surface
finish and surface hardening because of cold forming (flow
forming is performed at 25°C). In this study, a design providing
the manufacturing of both rifling marks and barrel with plastic
deformation using a mandrel possessing male form of rifling for
the purpose of generate internal form of barrel is presented. On
the contrary to traditional spinning wall thickness is reduced
deliberately with ironing, this process is occurred with increased
deformation despite less consumed force. The design aims to
determine metal flowing rate and ensures the dimensional
accuracy with avoiding expansion in barrel hole after shaping
and thanks to this disconnect the mandrel with hole easier.
Besides, compared to rifling forms shaped with machining
operations, it is aimed that to obtain both faster and a surface
possessing high strength and wear resistance in consequence of
plastic deformation. Grinding with rollers provides extraction of
rifling form to internal surface of barrel which enhances the
dimensional precision. With this method, high strength and
robust structure is obtained which provides longer barrel life and
going out of bullet faster from barrel which increases the
accuracy of shot is purposed
Keywords – Rifling production, Plastic Deformation, Flow
Forming, Tube Spinning.

I. INTRODUCTION
is performed by several manufacturing methods
for increasing precision of shot with generating marks to
internal face of barrel and providing longer barrel life. Flow
forming (tube spinning) is a preferred approach for producing
cylindrical parts which enables improved surface finish and
surface hardening because of cold forming (flow forming is
performed at 25°C). In this study, a design providing the
manufacturing of both rifling marks and barrel with plastic
deformation using a mandrel possessing male form of rifling
for the purpose of generate internal form of barrel is presented.
On the contrary to traditional spinning wall thickness is
reduced deliberately with ironing, this process is occurred with
increased deformation despite less consumed force. The
design aims to determine metal flowing rate and ensures the
dimensional accuracy with avoiding expansion in barrel hole
after shaping and thanks to this disconnect the mandrel with
hole easier. Besides, compared to rifling forms shaped with
IFLING
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machining operations, it is aimed that to obtain both faster and
a surface possessing high strength and wear resistance in
consequence of plastic deformation. Grinding with rollers
provides extraction of rifling form to internal surface of barrel
which enhances the dimensional precision. With this method,
high strength and robust structure is obtained which provides
longer barrel life and going out of bullet faster from barrel
which increases the accuracy of shot is purposed.
It has been increasingly significant for manufacturers to
improve the technology using for firearms for enhanced
quality, robust design and less wastage material and time.
Longer lifetime and accurate targeting identify the robustness
and reliability of a gun. Meeting these expectations highly
depend on the shaping methodology for both internal and
external surfaces. Advantages and disadvantages of an
approach push the researchers for optimum results and make
the production faster than the previous studies. The
straightness of the barrel and rifling increases the quality of
shot which directly refers to the selected manufacturing
method. Meanwhile, surface texture and mechanical properties
have determinant effect on barrel life. The producing method
become important by means of the former said two items
which will be the main aim of this research.
The manufacturing of barrels started with the raw bars then
using drill bits, a hole is made in the material. To produce a
perfectly shaped cylinder, reamer tools are took in
consideration and additionally honing or lapping may be
implemented for final desired dimension. In the past, hook
rifling, broach rifling, hammer forging, button rifling,
electrochemical rifling and casting were preferred for execute
the rifling in barrel (Monturo, 2019:143) (Figure 1). A
generally known way of producing rifling is broaching which
has the main disadvantage of chipping causes weak finish
surfaces (Figure 1D). A similar and older way with cutting for
constitution of rifling is hook rifling which has single cutter to
remove material (Figure 1B). This approach is preferred rarely
in modern day defense technologies because of the timeconsuming structure of single tool can cut one groove in a
single pass. Hammer forging is a cold working process benefit
from the hammers surrounding the raw material and a mandrel
has a reversed geometry of rifling marks was used to give the
form to the barrel (Figure 1A). High cost equipment and hard
to determine the measurements of grooves and lands lead to
decrease of designation of this method. Button rifling is
performed with tools named button which has reversed lands
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and grooves on mandrel (Figure 1C). Button rifling is a cold
working process and also a cutting mechanism is performed
lighter than broaching. Electrochemical rifling is a modern
way to produce rifling with electrolysis which has a shaped
cylinder as lands and grooves (Figure 1E).
In the past, authors presented two novel approaches for high
quality shaped rifling and barrel with minimum material loss,
having wear resistance and high strength surface, for enhanced
OLIHVSDQRIWRRO .XQWR÷OXDQG6D÷ODP.XQWR÷OXDQG
6D÷ODP &DOGHURQHWDOKDVSHUIRUPHGDPHFKDQLFDO
design and manufacture of a newly developed mandrel
&DOGHURQ HW DO   0DWVX]DNL HW DO SURSRVHG DQ
DQDO\WLFDO PRGHO DQG H[SHULPHQWDO LQYHVWLJDWLRQ WR VWDELOL]H
the chatter vibrations in deep hole drilling process during
JHQHUDWLQJULIOLQJPDUNV 0DWVX]DNLHWDO 2QWKH
other study, 3D modelling of tube rifling operation was
performed, and optimum conditions have been found (Bella et.
DO   7KLV VWXG\ FRQWDLQV D QHZHU GHVign approach
for producing barrel body and rifling marks using flow
forming operation which has a mandrel shaped male form of
rifling. Easily imparting of mandrel to internal surface of
barrel provides to manufacture of barrel in desirable tolerance
ranges.

mandrel are filled to reproduce the lands of the rifling. A male
form of rifling has been imparted to internal surface of
mandrel (Figure 2). The workpiece and mandrel can be fixed
to headstock to perform the operation on a spinning or a shear
forming machine. With feed of rollers, metal flows to reverse
direction and the preform of the workpiece transform the
newly produced component. The rough forming can be
performed with the replication of flow forming operation.
After cold working, rollers can be delicately getting through
WKH ZRUNSLHFH VHYHUDO WLPHV WR UHDOL]H WKH LURQLQJ RSHUDWLRQ
providing the finish shaping. Unlike spinning, the material
yields through the mandrel and rifling body, the thickness of
the wall is decreased. A possible difficulty can appear after
flow forming operation is dilatation because of cooling down.
With regulating the material flow rate seamlessly, desired
dimensions can be acquired and also, dilatation effect provides
to pull out the mandrel from workpiece. By means of plastic
deformation mechanism, the rifling form is transferred as a
reversed copy and the obtained structure enables high wear
resistance, longer bearing life and high strength. Revolving
and axially moving rollers have grinding effect on material
which easily copy the rifling profile on workpiece. The
internal surface of barrel can be shaped with improved
dimensional accuracy.

Figure 1. Several rifling producing methods

II. MANUFACTURING RIFLINGS WITH FLOW FORMING
METHOD
Flow forming or tube spinning is like shear forming and
generally preferred to form the cylindrical parts in
manufacturing operations. During operation, a rotating
mandrel pioneered the workpiece with the aid of two or three
rotating rollers and material is exposed to plastic deformation.
Axially replaced material is getting thinner while the length is
growing longer through the mandrel body (Wong et. al.
2003:1430). Getting inspired from flow forming, a novel
design is presented to adopt flow forming for producing a
rifled barrel. Forward or backward type of flow forming can
be experienced for optimal solution according to
manufacturer’s option. A general approach, design and
discussion is carried out in this study.
Before flow forming operation, a male contoured rifling
should be generated on a cylindrical sample. The executed
force composes a plastic deformation result in yielding of the
material to external and internal surface of the mandrel.
During the material flow, the grooves between workpiece and
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Figure 2. The Flow Forming Operation

III. PLASTIC DEFORMATION AND DEFORMATION ENERGY
A material being exposed to stress, elastic and plastic
deformation occurs according to the material properties i.e.
ductility or fragility which depend on elasticity module,
crystal structure, atomic bond and bond energy. The general
structure of the shaping methodology in flow forming is based
on plastic deformation. The area under the curve on stressstrain graphs identifies the deformation energy or toughness
which can be defined as the capability of energy absorption of
a material and ability for plastic deformation. Material
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properties, elasticity modulus, heat treatment, alloying
element, crystal structure have influenced on deformation
energy. The calculation of deformation energy is derived from
the stress-strain graphs which is the absorbed energy of a
material for unit volume. The deformation energy can be
calculated as following equations:
(1)
:KHUH$LVWKHDUHDXQGHUVWUHVVDQGVWUDLQJUDSK႒\LVXQit
deformation in yield, is stress in equation 1. Considering the
elastic area is linear, then the equation can be calculated as;
(2)
Considering the
 (  ႒ WKHQ WKH HTXDWLRQ  LV
transformed to equation 3 where the obtained result is
toughness or deformation energy according to SI system the
unit of it is J/m3 or Pa.

[3]
[4]

[5]

>@
>@

Mechanical design and manufacture by powder technology of a
new mandrel tool for the fabrication of assault rifle barrels.
3RZGHU0HWDOOXUJ\-
.XQWR÷OX 0 6D÷ODP +   ³7KH 3URGXFWLRQ RI 5LIOLQJ
Marks with Metal Spinning”, 25th International Conference on
&RPSRVLWHVRI1DQR(QJLQHHULQJ-22 July, Rome/Italy.
.XQWR÷OX 0 6D÷ODP +   ³An Alternative Method for
Forming of Rifling Groove on Firearms: Ball Rolling”, 2.
,QWHUQDWLRQDO 'HIHQVH ,QGXVWU\ 6\PSRVLXP - $SULO
.ÕUÕNNDOH7XUNH\
0DWVX]DNL K., Ryu, T., Sueoka A., Tsukamoto, K., (2015).
Theoretical and experimental study on rifling mark generating
phenomena in BTA deep hole Drilling process (generating
mechanism and countermeasure). International Journal of
0DFKLQH7RROV 0DQXIDFWXUH94-205.
Monturo, C. (2019), Forensic Firearm Examination, Barrel
Manufacturing and Rifling, Vol. 6 (pp. 143-  $FDGHPLF
Press.
Wong, C. C., Dean, T. A., Lin, J., (2003). A Review of
Spinning, Shear Forming and Flow Forming Processes,
International Journal of Machine Tools & Manufacture, 43,
1419-1435.

(3)
IV. CONCLUSION
Production of barrels and manufacturing of rifling become
an important task in today’s developing defence industry. The
requirement for high quality product demonstrates nations
power in international community. For this purpose, a
technological contribution is purposed in this paper for firearm
manufacturing.
One of the purposes of the paper is to develop a new
approach for manufacturing of rifling barrels with higher
quality. By this way, desired wall thickness for barrel and
rifling profile in seamless dimensional can be achieved.
The design can be implemented easily to any male form
rifled body with flow forming approach. Although the
preprocess take time in designing the mandrel according to
selected material, machine tool and dimensional content,
possible for fast and favorable mass production.
This approach revives the importance of manufacturing
method which increase barrel life with high strength and wear
resistance as a result of plastic deformation mechanism. Cold
working eliminates the disadvantage of shaping with cutting
and different from other cold working approaches less
material loss and faster production can be obtained.
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Abstract -It is demanded that and the final product should be
delicious and the quality should be at a proper consistency when
cooked in an industrial oven. Thus the temperature distribution
needed to be diffuse homogeneously in the cooking chamber.
According to these a food cooking oven selected, used for research
and development in a business corporation, coded ESTONE
120*80. The temperature distributions are investigated
experimentally by using a test setup. An experimental set-up is
used for investigating the temperature distribution. The
thermocouples are placed at 16 points for taking data during the
cooking operation. It is also seen that the temperature distribution
is almost homogeneous in the cooking chamber. By this, it is
concluded that the temperature distribution can be investigated
truly by this kind of an experiential set-up.
Keywords– Cooking, heat transfer, industrial oven, temperature
distribution, thermocouple.

results for numerical and experimental work. A new model is
constituted by Ramirez-Laboreo et al. (2016) for evaluation of
system performance of electric ovens. Simulations were made
for different kind of cooking methods and distributions of
HQHUJ\DQGWLPHUHVXOWVDUHJLYHQ.LúLQHWDO. (2019) aimed to
take maximum efficiency with minimum electricity and tried to
determine a homogeneous temperature distribution at multi tray
industrial ovens. At their papers a detailed knowledge about
design of inlet and suction rims, blowers and power of electric
resistant are given.
In this paper an experimental investigation is made for
determining the temperature distribution of cooking chamber,
on the manufacture of the a industrial oven, used for research
and development in a business corporation, named ESTONE
120*80.
II. EXPERIMENTAL SETUP

T

I. INTRODUCTION

here is a large amount of works concerning about the
industrial ovens in the literature. Some of them can be
given as; CFD modeling of an electric oven cavity to
simulate cook and broil cycles; stably stratified flow being a
characteristic of the latter has been discussed by Mistry et al.
(2006). At the result of his paper a comparative analyses of cook
and broil cycle thermal fields inside the oven is given.
A research concerning about reducing the energy consumption
at ancestry electric oven, made by Hancilar (2007). The purpose
of this work was raising the energy class of an oven from level
C to level A. It is shown in the manuscript that the energy
consumption reduced by 30% for the electric ancestry ovens.
A study made for determining the effect of some dominant
parameters at ventilating the domestic type ancestry ovens to
energy performance by Pehlivan (2010). This work constitutes
a step for future researches for interpretation of thermal
performance of the ovens according to different kind of
criterLD¶V $W KLV SDSHU %|G|úRY   GHYHORSHG D
mathematical model for heat and mass transfer for round cake
cooking. In his research he simulates the cooking of products
which is the most important process in this area. A thermal
analysis of electric oven is performed by Ploteau et al. (2012).
Not only an experimental set up is used but also finite element
method is used for determining numerical model for this oven.
Comparisons were made and similarities were shown at the
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Temperature measurements are taken for improving the energy
conception of an oven named as ESTONE 120*80, used for
cooking of food product. The dimensions of the oven are
120x80 cm and still actively used for cooking. A measurements
set-up is prepared for taking the values of temperatures from 16
nodal points inside the cooking chamber. The thermocouples
are placed in a newly designed measurement system as a matrix
form. Calibrations of the thermocouples were done for accurate
measurements. The experimental measurement system shown
in Fig. 1 placed in the cooking chamber.

Figure 1: Test setup for temperature measurements.

The locations of the thermocouples were chosen as the
critical points. The transient temperature distribution is
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recorded by a data-logger system. After obtaining the result
from the data-logger system, the results were processed.
The upper and lower side resistances were used for heating the
oven chamber. Before the experiments the cover of the chamber
kept open for ensuring the equality of oven chamber
temperature and the ambient temperature. The inside
temperature of the chamber is adjusted to the value of 230°C by
a control unit after closing the door of chamber. This
temperature value is chosen as the proper value while cooking
the products. The oven heated to 230°C approximately 1.5 hour.
During this process the transient temperature variations
observed by a computer monitor. The temperature values are
taken by thermocouples, placed parallel to the front cover of the
chamber. Thermocouples are placed on the two side walls of
the oven as 6 and 4 in the middle as shown in Fig. 2.

the temperature vale of 230°C. At the experiments for simulate
as a real time cooking, at the 106th minute vapor is added to the
chamber for 5 seconds period. The temperature decrease due to
vapor addition can be seen from the figures. After the electric
resistant cut-in again and the oven chamber is left to get desired
temperature. The temperature measurements recorded during
120 minutes period and the experiment is ended.
The temperature values according to time for four
thermocouples are shown at Figure 3. As can be seen from the
Fig. 3 the maximum temperature difference among the four
thermocouples is 10°C. The desired temperature value at the
oven chamber is attained by blue colored graphic firstly at about
60 minutes. Minimum values are corresponds to the red colored
thermocouple. The desired temperature values are obtained by
the whole thermocouples for each experiment. And the values
are so closer to each other at the end of the 120 minutes period.

Figure 3: Change of temperature and time for four thermocouples in
the middle of the oven.
Figure 2: Schematic view of the test setup inside the oven.

III. RESULTS AND DISCUSSION
The inside volume temperature of the oven chamber of
ESTONE 120*80 is increased from ambient temperature to the
cooking temperature transiently. A measurement system which
is specially prepared for this oven is used which is arranged
with 16 thermocouples as a matrix form. The temperature
values at critical locations inside the chamber recorded
depending upon time. The temperature values and time
variation of different rows are shown at Figs. 3, 4 and 5.
The first row of the temperature measurement system has 4
thermocouples and placed in the middle of the oven. The 6
thermocouples which are located at second row and the third
row with 6 thermocouples placed to the side walls of the
chamber. The temperature values are recorded from whole
nodal thermocouple points. The temperature variation inside
the oven chamber simulated as cooking of a product. The inside
temperature of the chamber is set to a value of 230°C by a
control panel. The oven cover kept open for 60 seconds and
closed again as a simulation. A sharp temperature decrease
observed due to cover push-pull operation. Than the electric
resistant cut-in and it is waited to get the desired temperature
(230°C). This scenario can be seen from the temperature –time
figure. A sharp temperature decrease occurs approximately at
90th minute.
Vapor addition is used in cooking operation for a bright product
shell and soft structure at a closed chamber for a certain time.
After push-pull operation of the oven cover it is waited to reach
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The six different temperature values with time are given at Fig.
4 for the left side wall of the oven. The nearest values to desired
temperatures are obtained by red and orange colored
thermocouples. As can be seen from the figure, the final
temperature values are so closer to desired temperature. And
also the green and purple colored thermocouple values are
closer to the desired temperature. The maximum temperature
difference occurred at black and blue colored thermocouples as
approximately 5°C.

Figure 4: Change of temperature and time for six thermocouples at
left side wall of the oven.

It is evaluated as it is normal to have a difference like these
values due to higher desires temperature value and also to have
a large chamber volume. A further job plan is scheduled to
reduce the temperature value differences among the
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thermocouples and it is demanded a more homogeneous
temperature distribution in the oven chamber.
At the Fig. 5 the temperature values obtained from 6 different
thermocouples placed at the right side wall of the chamber (3rd
row) is shown. According to these values it can be seen that the
needed duration to obtain the desired temperature value is
approximately 60 minutes. And also it can be seen from Fig. 5
that all the thermocouples get the same temperature values. It
can be concluded that this local region in the oven chamber is
more homogeneous according to the temperature values than to
the other parts.

• Consequently, the temperature distribution in the interior of
an industrial oven (ESTONE 120*80) was scanned for different
critical points and areas that require improvement have been
determined.
• The obtained results can be used for validation in numerical
and analytical studies.
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Abstract - In this study, a research has been carried out on a
locking system that minimizes external vibrations and impacts in
4x4, 6x6, 8x8 armored vehicles in the automotive and defense
industry. The parts used in the system are supported by high-strength
steels and a new lock mechanism design is envisaged where the
hydraulic piston and pneumatic piston are used at the same time.
Static and dynamic parameters that may occur under external forces
that the vehicles are exposed to will be foreseen. Static structural
analysis will be performed.
Keywords - Lock mechanism, Military vehicle, Hydraulic and
pneumatic components, static analysis, design parameters.

I. INTRODUCTION
As in the past, today armored vehicles are used in almost all
military vehicle systems in the military field. With advancing
technology and increasing needs, military armored vehicles
have started to be produced in keeping with today's conditions
and application areas by developing and improving many
different features. Military wheeled armored vehicles are
produced in a way that is fit for difficult terrain conditions and
are produced by taking into consideration all kinds of climatic
conditions with their high mobility increasing their efficiency
and their speed in long-distance road conditions. Moreover,
these vehicles, custom-designed to meet the needs of users, may
come with many various features and attributes, such as 4x4,
6x6 and 8x8, and there are many different examples thereof.
Being products of Turkish Defense Industry, vehicles such as
Amazon 4x4, Arma 6x6 and Arma 8x8, Kirpi 4x4, Kirpi 6x6,
$NUHS,,[+Õ]ÕU[(MGHU<DOoÕQ[(MGHU.XQWHU6pecial
Purpose Platform 4x4- 6x6, Cobra I and Cobra II 4x4, Pars 4x4,
3DUV[ø]FL3DUV,,,[3DUV,,,[3XVDW[8UDO[
9XUDQ<|rük 4x4, Arma 6x6, Armored Ambulance 4x4 can be
cited as examples of wheeled armored vehicles.
The door lock system in all of our existing military land
vehicles is designed with bending parts connected to a welded
handle mechanism. In such design, the axial misalignment
occurring upon sheet plate bending as well as the distortions
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stemming from welding hinder comfortable and secure use of
the door system. Door lock system or with another definition
latching system and other components are disclosed that are
particularly well suited for use with the heavy doors of armored
PLOLWDU\YHKLFOHV6RPHFRPSRQHQWHPERGLPHQWVDUHXVDEOHLQ
normal and emergency modes to provide access, entry, egress
and rescue through vehicle door openings [1]. Automotive
liftgate ODWFKHV KDYH EHHQ VXEMHFW WR UHJXODWLRQ IRU PLQLPXP
strength and inertial resistance requirements since the late
¶VLQWKH86DQGJOREDOO\VLQFHWKHHDUO\¶VSRVVLEO\
GXH WR OLIWJDWH HMections stemming from the first-generation
Chrysler minivans which employed latches that were not
RULJLQDOO\GHVLJQHGZLWKWKLVKD]DUGLQPLQG6LGHGRRUODWFKHV
have been regulated since the 1960’s, and the regulation of
liftgate, or back door latches, have been based largely on side
door requirements, with the exception of the orthogonal test
requirement that is liftgate specific >@. 6DOPRQ DQG (LNH\
showed in their study to determine the effects of friction on the
systems dynamic response by some physical tests and analysis
of a typical automobile latch and outside handle release
mechanism. The results of the test show that friction forces
internal to the latch significantly affect the quasistatic and
dynamic behavior of the latching system [3]. 1HOVHQDQG6HR
performed calculations to verify the compliance of automotive
door latch systems to minimum legal requirements as well as to
perform additional due diligence calculations necessary to
comprehend special cases such as roll over crashes and locally
high inertial loadings. [4]. Jain and Adhikari presented in this
study, a methodology adopted to address the issue of latch
failure evaluation and the critical observations made during the
course of study. The verification of the developed methodology
LVGRQHE\FRUUHODWLRQRI&$(UHVults with physical test results
[5]. Karla et all. investigated side door latch performance in full
vehicle and door system component testing as opposed to the
component-RQO\IL[WXUHWHVWLQJRXWOLQHGLQ)0966%RWK
full vehicle and door system testing showed that the tested side
door latches managed forces that were substantially higher than
DQ\ ORDGV UHTXLUHG E\ )0966  ZKHQ VXEMHFWHG WR SXUHO\
vertical loading [6]. Gross studied on the factors to cover the
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most significant causes relating to accidental door opening such
as various types of loading of significance, description of five
known causes of accidental door opening, supporting evidence
from full-scale collision research [7]. The governments of many
countries have established regulations that address the issue of
vehicle door safety during crash events. Depending on the
regulation or specification, analytical tools may be acceptable
for verifying the crashworthiness of a latching system. In those
instances, where actual test crashes are required for verification,
analytical methods can still be used to help predict the outcome
of a crash test [8].
The aim of this study is to offer a lock system for military
ODQGYHKLFOHV,WLVWKXVWRZDUGRIIWKHMDmming of the door,
provide the necessary security and defense conditions in
military land vehicles in cases where the vehicle’s armor
withstands the impact during a possible mine attack in military
operations.

II. (;3(5,0(17$/ 352&('85(
In this study, it can be shown our suggested design of the
GRRUPLQHXSGRZQORFNRIODQGPLOLWary armored vehicles in
Fig.1. The lock mechanism was DQDO\]HG E\ XVLQJ $16<6
:RUNEHQFK5

its wide rectangular geometry.
Table 1 Materials used in the design
Item
7
8
9
10

Name
Lock Bolt
Distributing Mechanism
Handle system
'ULYH6KDIW

Materials
$,6, 4340
34CrNiMo6
17-4PH(630)
$,6,304

In this configuration of the prototype manufactured vehicle,
the mechanism lock bolt is designed and improved from 4340
material. It is important for military security to ensure that the
hub shaft at the center of the cover functions simultaneously
with the locking mechanism inside. It will be ensured that the
door can be easily opened by the military personnel inside the
YHKLFOHLQWKHHYHQWRIDSRVVLEOHVWULNHEORZDQGWKDWWKHFRYHU
retainer springs prevent the cover from falling over the
personnel at the time of exit, thereby providing them a safe exit
from the vehicle (For this, in the lock system, the bolt will be
placed inside a special roller slot, and whereas the main handle
system will ensure that the door opens with a roller and double
piston instruction, which will constitute one of the most
important security parts during a mine explosion.
III. 5(68/7 AND DI6&866,21

)LJXUH2XUVXJJHVWHG'VROLGGHVLJQRIWKHGRRUPLQHXSGRZQ
lock of land military armored vehicles

It is given some detail of critical parts respectively in Fig. 1;
0LQH ORFN V\VWHP   DQG WKH GRRU ORFN V\VWHP   ZHUH
supported by the pneumatic actuator (5). In order to open the
door after a possible explosion, the tension arm (6) carrying the
load of the door is supported by hydraulic (4) and pneumatic
piston (3).
It is accepted input data IRU WKH $16<6 PRdel get from
67$1$*VWDQGDUG [9]. Total force required to open the
ORFNV\VWHPLVN1YLEUDWLRQUHVLVWDQFHLVPD[+]and a
ORDGFKDQJHLVPD[kN, the cycle number of opening-closing
LV,WKDVEHHQVWUHQJWKHQHGZLWKPLQHORFNV\VWHPV
and 1 door lock system in the design. The door is connected to
the vehicle body with two hinges from the outside. The door
weight is 400 kg in armored form. The door is supported by a
hydraulic-pneumatic system from the inside. The material
descriptions used in the design are given in below Table 1. The
surface pressure with the combination of carriage-spring-piston
pusher enables the mechanism to engage and get locked to the
fixed part of WKHGRRUE\PDNLQJPP[PPSUHVVXUHZLWK

E-ISBN: 978-625-44427-4-2

,W LV VKRZQ LQ )LJ D  for the known application, door
opening-closing systems and mine lock systems are used in the
form of a mechanical lock movement and as welded. In case of
a possible mine attack, even when armors of the military land
vehicles withstand the impact during the operations, an
environment of security and defense cannot be created due to
MDPPLQJ of doors and inability to open them. What’s more,
since the vehicle is armored and heavy, the door hinges are far
from performing the desired function and it is difficult to open
and close the door of the vehicle due to the loads generated
during a possible attack or while the vehicle is on the move,
thereby putting the security of our military personnel at risk.

)LJXUH Military armored vehicle door systems: (a) A known
application (b) Our design

As a result, the need for eliminating the drawbacks and
deficiencies as well as the disadvantages of the constructions
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and applications existing in common design and used today
necessitates making a development in the technical field. Our
SUHVHQWGHVLJQ )LJ-b) relates to a new military lock system
developed so as to overcome the above-mentioned
disadvantages and introduce new advantages to the relevant
technical field as follows. ,WLVWRZDUGRIIWKHMDPPLQJRIWKH
door and thus to provide the necessary security and defense
conditions in military land vehicles in cases where the vehicle’s
armor withstands the impact during a possible mine attack in
military operations, to provide a door opening and closing
system that operates via hydraulic and pneumatic movements,
thereby protecting our military personnel from external threats
in a possible attack and enabling an easy opening when they
want to get out of the vehicle, to manufacture the materials to
be used in the lock system from high-strength metal alloys, such
as high-strength steels, tempered steels ($,6, 4340 Tempering+
Induction Process), carburized steels (40CrNiMo6 to be
carburized), and 17-3+ 6$(6WDLQOHVV6WHHO WRHQVXUH
a much more comfortable and easy locking and opening of the
GRRUE\WULJJHULQJYLDDWOHDVWpiston systems at each door, and
to ensure that the surface pressure with the combination of
carriage-spring-piston pusher enables the mechanism to engage
and get locked to the fixed part of the door by making 50 mm x
PPSUHVVXUHZLWKLWVZLGHUHFWDQJXOar geometry. Thus the
door locking process is reinforced.
In the case of the suggested conditions, it is performed some
DQDO\VLVZLWK$16<6DQGREWDLQHGVRPHUHVXOWVJLYHQLQ
Figure 3. The distribution of force overcome to open door
locks mostly affects the part in Figure 4. However, the
analysis results showed that the maximum stress distribution
was seen in the elastic region. It is predicted with the design
that the maximum force required for the safe opening of the
door can be increased up to three times.
)LJVKRZVWKH$16<6VWDWLFDOstructural analysis results
of the lock system. The maximum stress occurred in
distributed shell element, item 10 in Fig.1. It was resealable
result for us because of transmitted kN applied on the door
handle, item 9 in Fig.1.

done by Marcelino et all. [10]. 7KH61FXUYHVIRUD[LDOIDWLJXH
tests result in their study shown in Fig.4.

Figure 4 )DWLJXH EHKDYLRU RI WKH $,6,  PDWHULDOV GRQH E\
Marcelino et all. [10]

7KH61FXUYHVIRUWKHD[LDO fatigue tests for the base metal
$,6,IRUthe 110000 cycles number, fatigue life is shown
in transition zone. It understands from this promising result for
our lock-system must be revised and develop.

IV. C21&/86,21
Our present design relates to a new military lock system
developed so as to overcome some disadvantages and introduce
new advantages. In the case of loading conditions, it is run with
the $16<6 to obtained critical stress value. The analysis
results showed that the maximum stress distribution was seen
in the elastic region. Obtained results from literatures for the
fatigue beKDYLRU RI WKH $,6,  PDWHULDOV VKRZQ that our
offered lock-system must be revised and developed.

R()(5(1&(6
[1]
>@

[3]

[4]

[5]

)LJXUH$16<6VWDWLFDOstructural analysis results of the lock
system

Another important step of this study is that fatigue behavior
of the lock system. It is understood from $16<6analysis, the
PRVWFULWLFDOSDUWLVLWHPPDGHRIWKH$,6,
It well understands from literatures for the fatigue behavior
of the $,6, 4340 materials under nearly same conditions was
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[6]

[7]

[8]

[9]

8QLWHG6WDWHV3DWHQW3DWHQW1R 86%'DWHRI3DWHQW
6HS 
J Nelsen, H Wu, Crash-LQGXFHG/RDGVLQ/LIWJDWH/DWFKLQJ6\VWHPV
6$(7HFKQLFDO3DSHUV3XEOLVKHG$SULOE\6$(,QWHUQDWLRQDO
LQ8QLWHG6WDWHV-April
J 6DOPRQ C (LNH\, 7KH(IIHFWVRI,QWHUQDO)ULFWLRQRQ$XWRPRWLYH
/DWFKDQG5HOHDVH6\VWHP%HKDYLRU9ROXPH-January, Issue
-DQXDU\-DQXDU\6$($XWRPRWLYH7HFKQLFDO3DSHUV
:21/<$872
J Nelsen, C 6 6HR $Q ,PSURYHG 0HWKRGRORJ\ IRU &DOFXODWLRQ RI WKH
,QHUWLDO5HVLVWDQFHRI$XWRPRWLYH/DWFKLQJ6\VWHPV3XEOLVKHG$SULO
E\6$(,QWHUQDWLRQDOLQ8QLWHG6WDWHV 
TJain, T $GKLNDUL/DWFK)DLOXUH3UHGLFWLRQIRU6LGH'RRU,QWUXVLRQ7HVW
LQ&$(DQG,WV&RUUHODWLRQZLWK3K\VLFDO7HVWLQJ3XEOLVKHG-DQXDU\
E\6$(,QWHUQDWLRQDOLQ8QLWHG6WDWHV 
. - 3HWURVNH\0( Klima, M P ( M 3DGGRFN(YDOXDWLRQRI'RRU/DWFK
5HVSRQVHWR9HUWLFDO/RDGLQJ&RQGLWLRQV3XEOLVKHG$SULOE\
6$(,QWHUQDWLRQDOLQ8QLWHG6WDWHV
A G *URVV $FFLGHQWDO PRWRULVW HMHFWLRQ DQG GRRU ODWFKLQJ V\VWHPV
$XWRPRWLYH(QJLQHHULQJ&RQJUHVV'HWURLW0,8QLWHG6WDWHV-DQXDU\
1964 through 17 January 1964; Code 90540)
K P Jankowski, ( Kamal, Vehicle door latch safety measures based on
V\VWHP'\QDPLFV6$(:RUOG&RQJUHVV'HWURLW0,8QLWHG
6WDWHV0DUFKWKURXJK0DUFK&RGH
NATO 6WDQGDUG Agreement (6WDQDJ 4569 standard 'UDIW-DQXDU\
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Camelina stands out as an important source of biofuel. The
high oil content of camelina seeds (25–48%) [4] and (> 90%
unsaturated fatty acids), together with the short life cycle of
the plant, low agricultural input requirement, and its relative
tolerance to various biotic and abiotic stresses [5]. Camelina is
dried after harvesting and blending. Mechanical pressing in
camelina is the main method of processing seeds, which can
be carried out in different ways. Another method is to press
the camelina seeds into roasted paste under mechanical
pressure. In this method, the seeds are mixed with an equal
amount of water to give the mixture a doughy appearance.
Then the paste is roasted at 60-90 ° C and after the process,
the mixture becomes sandy. The roasted paste is squeezed
with a mechanical press and the oil is removed. Finally, the oil
is filtered to clarify. In this study, it was not done in order to
determine the performance of diesel and camelina biodiesel in
a vehicle with a diesel fuel system with a vehicle
dynamometer.
Table 1. Comparison of crude camelina oil and diesel fuel
properties [6]
Camelin
Specifications
Diesel
a crude oil
chassis Density 15 0C (kg/m3)
918
838
Kinematic viscosity 40 0C mm2/s
24
2.92

Abstract - Most of the world's energy needs are met from fossil
sources. However, gases released by the gradual decline of fossil
resources and the burning of fuels from these sources have
negative aspects such as environmental pollution, acid rains or
global warming. Due to such negative effects, studies are being
carried out on alternative energy sources. Eurodiesel fuel used in
diesel engines is the main source of energy for transportation and
freight transportation. Biodiesel made from oils are important
alternative fuels for diesel engines.
In this study, camelina oil was used as a biodiesel raw
material.
Biodiesel
production
has
been
done
by
transesterification method. Biodiesel fuel obtained from camelina
oil was mixed with diesel oil at the rate of 7% (B7), 20% (B20)
and 50% (B50). Biodiesel-eurodiesel blends, four-stroke, fourcylinder, common-rail fuel system turbo-diesel engine, engine
performance values were investigated on the chassis
dynamometer. Looking at the results of the experiments, the
highest engine moment among all fuels was obtained in B7 fuel at
80 km / h and engine power value at 160 km / h. The test results
were compared with 100% eurodiesel fuel and interpreted,
considering the performance values under different operating
conditions.
Keywords – Biodiesel, Camelina,
dynamometer, vehicle performance

eurodiesel,

I. INTRODUCTION
The unbalanced dissying of fossil fuels worldwide with the
largest share of primary energy sources has also made some
countries dependent on disadvantaged and advantageous
countries[1]. This dependency is being further ed with the
increase in energy demand. As a result, countries are now on
the path of first looking for ways to evaluate their own selfenergy sources, reducing dependence on foreign countries and
diversification of energy resources to ensure supply security
[2].
Biodiesel, canola, sunflower, corn, cotton, camelina etc. It
is a product that is released as a result of the reaction of
vegetable oils or animal oils obtained from oilseed plants such
as oilseeds with methanol, a short chain alcohol, in the
presence of a catalyst and used as fuel. Domestic cooking oils
and animal based oils can also be used as biodiesel raw
materials [3].
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Flash point 0C

>220

102

Lower Calorific Value (MJ/kg)
Ash (% kütle)
Sulfur (mg/kg)
Water content (mg/kg)
Acid value (mg KOH/g)

38
0.0025
13.85
710
1.39

42.3
0.01
9
43.8
-

Iodine number g.I2/100 g)

151.5

-

II. MATERIALS AND METHODS
Selcuk University Technology Faculty Mechanical
Engineering Biofuel Laboratory was used to produce biodiesel
from camelina oil. Selcuk University Faculty of Technology
Automotive with camelina biodiesel obtained from the
supplied camelina oil, a 2000 cc turbo-charged common-rail
diesel fuel system, 2012 model Toyota brand Verso 2.0 type
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Abstract – In recent years, the number of Global Navigation
Satellite Systems (GNSS) reached a total of 4, after launching
GALILEO (Europe’s Global Navigation Satellite System) and
BEIDOU (China’s Global Navigation Satellite System). Unlike
others, GALILEO is a civilian-based global navigation system and
managed by the European Space Agency (ESA). GALILEO will
be the fourth satellite-based global positioning service after
completing the full operational capability (FOC) mission. First
GALILEO satellite launched in 2005 with an experimental test
satellite and continued periodically until today. In 2016,
GALILEO had 4 in-orbit validation (IOV) satellites and 14 FOC
satellites. By the end of 2018, GALILEO is considerably developed
with the launch of 8 new FOC satellites and planning to complete
the FOC mission in late 2020. Nowadays, 3 IOV satellites and 21
FOC satellites can be used globally. In this study, GALILEO-only
precise point positioning (PPP) performance is examined with the
latest improvements. For this purpose, the data of 3 IGS
(International GNSS Service) stations for a one-week period in
2020 are processed. The obtained coordinates are transformed to
the topocentric system (north, east, up), using IGS weekly
solutions as the reference. The results are analyzed in terms of
accuracy and precision by considering the statistical values (max,
min, and RMSE).
Keywords – ESA, GALILEO, GNSS, IGS, PPP

B

I. INTRODUCTION

ESIDES GPS and GLONASS, some other constellations at
the global scale are under construction. Global Navigation
Satellite Systems (GNSS) reached a total number of 4, with
adding GALILEO (Europe’s GNSS) and BEIDOU (China’s
GNSS) [1,2]. Among the other GNSS's, GALILEO which is
managed by the European Space Agency (ESA), is the first
civilian-based service and offering precise positioning and
some other civilian services [3]. In the last years, the number of
GALILEO satellites drastically increased.
Precise point positioning (PPP) is a cost-effective and
powerful tool for obtaining the precise position of the receiver
using precise satellite orbit and clock products publishing by
analysis centers [4]. The utilization of PPP has increased since
it has advantages such as the simplified field experiment, easy
of usage, rapid and robust positioning [5]. The main advantage
of PPP than differential technique is that it provides a similar
accuracy of positioning around the world using a single receiver
[6]. Thus, PPP has been widely used in scientific researches for
many GNSS applications such as plate tectonic [7],
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displacement monitoring [8,9] and atmospheric modeling [10].
As of September 2020, GALILEO has enough number of
satellites for GALILEO-only PPP. Some studies have been
conducted using GALILEO satellites for PPP [11-15].
According to these studies, GALILEO-only PPP has a longer
convergence time than GPS or GPS+GLONASS PPP. In terms
of accuracy and convergence time, GALILEO contributed to
GPS+GLONASS PPP. GALILEO contribution to multi-GNSS
is greater at the higher elevation cut-off angles. Also,
GALILEO gives more reliable results than GPS in the case of
multipath since GALILEO signals have greater SNR (Signal to
Noise Ratio) values than GPS. Using precise products produced
by different ACs gives similar results except for Wuhan AC.
Besides, ambiguity fixing improves accuracy.
Today, 24 of GALILEO satellites can be used, including 2
highly eccentric satellites. The studies above mentioned were
mostly investigated the GALILEO contribution of multiGNSS. Even if some studies are conducted as GALILEO-only,
the up-to-date situation can be reviewed. Therefore, the purpose
of this study is to investigate the latest performance of
GALILEO-only PPP. Thus, the static positioning performance
of GALILEO-only PPP examined using GipsyX scientific
GNSS data processing software.
This paper is organized as follows. In section 2, the
development of GALILEO and the current status is described.
In section 3, functional model of PPP is briefly described.
Section 3 describes the data and processing strategy. The results
are discussed in Section 5, and the conclusions are given in
Section 6.
II. GALILEO SATELLITE SYSTEM
GALILEO is a satellite-based positioning service aiming to
serve precise positioning on a global scale and managed by
ESA. The GALILEO service consists of three phases, namely,
definition, in-orbit-validation, full deployment. After
completing the full operational capability (FOC) mission,
GALILEO will have some other global scale advanced services
[16]. Apart from Open Service (OS) which is the main
positioning service, there are some other services such as High
accuracy Service (HAS), Public Regulated Service (PRS), and
Search and Rescue Service (SAR). The design constellation
status of GALILEO consists of 30 Medium Earth Orbit (MEO)
satellites. Among these, 24 satellites are operational, and 6
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satellites are spares. The satellites are planned to be at 23,200
km above the Earth in three orbital planes with an inclination
angle of 55 degree.
The first experimental satellite of GALILEO, the so-called
GIOVE-A was launched in 2005. The main purpose of the
GIOVE-A satellite was in-orbit testing of vital technologies
such as atomic clocks and new navigation signals. GIOVE-A
was equipped with a rubidium atomic clock. Also, allocations
of frequencies given by the International Telecommunications
Union (ITU) were secured. After that GIOVE-B satellite which
is equipped with a passive hydrogen maser (PHM) atomic clock
-the main atomic clock of GALILEO system- was launched in
2008 [17]. The illustrations of GIOVE-A and GIOVE-B
satellites are shown in Figure 1.

is the tropospheric delay,
is the
clock offset,
wavelength of the ionosphere-free combination,
is the
phase integer ambiguity, , and , are the measurement
noise of ionosphere-free code and phase measurement,
respectively. Precise orbit and clock products of one IGS
analysis center are used to remove the satellite orbit and clock
errors [21]. The hardware delays which are not given in
equations above for the sake of simplicity, causes to loss of
integer property of ambiguity term [22]. Conventionally, the
phase ambiguity term is estimated as float. Other terms which
are receiver position, receiver clock, and tropospheric delay are
estimated with an adjustment and filtering procedure [23].
IV. DATA AND PROCESSING STRATEGY
In this study, the data of 3 IGS (International GNSS Service)
stations were used. The geographical distributions of selected
stations are given in Figure 1.

Figure 1: GIOVE-A satellite (left) and GIOVE-B satellite (right)
[17].

Between 2011 and 2012 years four in-orbit validation (IOV)
satellites were placed in orbit. The purpose of IOV satellites
was to test and check the system both in space and on Earth
[18]. In the last years, GALILEO had significant improvements
in the progress of completing the FOC mission. In December
2016, the system achieved to Early Operational Capability
(EOC). After that, 14 FOC satellites were placed in orbit until
today.
E14 and E18 satellites were placed into highly elliptical
orbits than the planned orbit. Even these satellites have highly
eccentric orbit, the quality of orbit and its impact on the
positioning accuracy is significantly comparable to excluding
these satellites [19,20].
As of September 2020, in orbit 24 GALILEO satellite is
available [16]. GALILEO is planning to complete its FOC
mission in late 2020.
III. FUNCTIONAL MODEL OF PPP
In traditional PPP, due to eliminate the first-order effect of
the ionosphere, ionosphere-free combination of code and phase
observations are used. Ionosphere-free combination of code and
phase equations can be written as below:
,

=

+

(

)+

+

,

=

+

(

)+

+

(1)

,

+

,

(2)

denotes satellite, the superscript
where the superscript
and
are the ionosphere-free
denotes receiver,
,
,
combination of code and phase measurement, respectively; is
the geometric range between the receiver and satellite, is the
is the receiver clock offset,
is the satellite
speed of light,
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Figure 1: Distribution of selected IGS stations.

Test stations were chosen considering GALILEO satellite
visibility and geographical distribution. The receiver and
antenna information of the selected stations is given in Table 2.
A one-week period (DOY 229 to DOY 235) in 2020 is chosen
for static PPP processing. When choosing the stations, due to
the reference coordinate necessity, the related IGS weekly
solution was checked. Daily data of each station were used as
24-hour sessions with 30 seconds time interval.
Table 2: The receiver and antennas of stations.
Station
DAV1

Receiver
SEPT POLARX5

NKLG

SEPT POLARX5

YEL2

SEPT
POLARX5TR

Antenna and Radome
LEIAR25.R3 + LEIT
TRM59800.00 +
SCIS
LEIAR25.R4 +
NONE

The data processing step was conducted using GipsyX
scientific software. GipsyX is a robust GNSS data processing
software developed by NASA’s Jet Propulsion Laboratory [24].
The detailed processing strategy of GALILEO-only static PPP
is given in Table 3.
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Table 3: GipsyX data processing strategy.
Parameter
Adjustment model
Satellite orbit interval
Satellite clock interval
Frequencies (phase and
code)
Epoch interval
Elevation cutA priori precisions
A priori troposphere
Satellite phase center
Receiver phase center
Ionosphere

Zenith wet delay
estimation
Horizontal delay
gradients estimation
Solid earth tide, ocean
tide loading, and polar
tides
Phase windup
Cycle slip
Receiver clock jump

Stochastic Kalman filter
15 min
30 sec
GALILEO
FREQ1: L1C/L5Q/C1C/C5Q

30 s
10
Phase: 0.01 m
Code: 1 m
GPT2 model [25]
Corrected by using up-to-date
IGS14.atx
The PCO and PCV corrections for
GPS signals from IGS14.atx are
used for GALILEO signals
First-order effect: Removed by
ionosphere-free linear combination.
Second-order effect: Removed using
JPL’s IONEX file.
Random walk 0.5 mm/sqrt(sec)
Random walk 0.05 mm/sqrt(sec)
IERS conventions 2010 [26]

Figure 4: YEL2 average satellite visibility.

According to visibility graphics, there is not a significant
difference between the stations. Also, the selected stations can
observe an average of 9 GALILEO satellite each day. It can be
regarded that the selected stations are suitable for this study.
V. RESULTS
For each day and station cartesian coordinate values were
obtained. To analyze the results, cartesian coordinate values
were transformed to the topocentric coordinate system which
can be expressed as north, east, up components. The
transformation was done using IGS weekly solutions as
reference. The topocentric coordinate components for each
station and day of year are given in Figure 5-7.

Corrected [27]
Corrected
Corrected

As a preliminary test of the selected stations, the average,
maximum and minimum satellite visibilities for each station
and day of year are given in Figure 2-4.

Figure 5: The coordinates for north component.

Figure 2: DAV1 average satellite visibility.

Figure 3: NKLG average satellite visibility.
Figure 6: The coordinates for east component.
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GALILEO-only PPP method can give mm-cm accuracy in both
the vertically and horizontally.

VI. CONCLUSIONS

Figure 7: The coordinates for up component.

As seen from the Figures above, GALILEO-only PPP can
reach 5 mm, 6 mm, and 20 mm accuracy in the north, east, up
components, respectively. The statistical results were
calculated for each station from consecutive 7-day results.
With these coordinates, root mean square error, std, mean,
maximum, and minimum values were examined. The statistical
results are given in Table 4.
Table 4: Statistical values for coordinates.
Stations

DAV1

NKLG

YEL2

Parameter
Maximum (abs)
Minimum (abs)
Mean
RMSE
Std
Maximum (abs)
Minimum (abs)
Mean
RMSE
Std
Maximum (abs)
Minimum (abs)
Mean
RMSE
Std

North
(mm)
5.4
1.0
-1.3
3.0
2.7
5.7
0.0
1.3
2.3
1.9
3.5
0.1
0.2
1.7
1.7

East
(mm)
6.2
0.2
-2.7
3.6
2.5
1.9
0.2
-0.8
2.5
2.3
2.3
0.4
-1.5
1.8
0.9

Up
(mm)
11.2
0.3
5.8
7.3
4.4
21.9
7.0
-13.2
14.1
5.0
9.1
1.4
-3.8
5.8
4.4

For the north component, NKLG station has the worst
coordinates as it reached a maximum of 5.7 mm. For the east
component, DAV1 station has the worst coordinates as it
reached a maximum of 6.2 mm. For the up component, the
maximum values are 21.9 mm, 11.2 mm and 9.1 mm for NKLG,
DAV1 and YEL2 stations, respectively.
The results of both three stations are similar for north and
east components. The RMS errors are less than 4 mm. DAV1
station has an absolute maximum value of 6.2 mm on east
component. For the up component, as expected, RMS errors are
larger than north and east components. RMS errors are 7.3 mm,
14.1 mm, 5.8 mm for DAV1, NKLG and YEL2 stations,
respectively.
From the result of the analysis, it is shown that the

E-ISBN: 978-625-44427-4-2

In this study, the latest performance of GALILEO-only PPP
is investigated considering satellite visibilities. The results are
examined in terms of accuracy and precision. The results
showed that GALILEO-only PPP can provide a few millimeters
level accuracy for horizontal whereas it can provide a few
centimeters level accuracy for vertical. The std values which
indicates the precision are 3.0 mm for horizontal component
and 5.0 mm for vertical component.
Considering that FOC is not fully completed yet, the results
are quite good as other GNSSs. Also, the results are consistent
with other studies. For the static positioning with daily GNSS
data, GALILEO can successfully be used as of 2020.
Furthermore, it is hoped that, after the completing FOC
mission, GALILEO will be promising better results with new
satellites.
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Abstract – Today, traditional precise point positioning (PPP) is
an essential technique for most scientific studies such as geodesy
and plate tectonics. In recent years, the scientific community is
mostly concerned about PPP with the ambiguity resolution (PPPAR) approach. Hereby, Analysis Centers (ACs) started to produce
phase bias products which are necessary for ambiguity resolved
PPP. Furthermore, different software packages have been
developed to apply AR (ambiguity resolution). PRIDE-PPPAR
software is the first open-source and free PPP-AR software,
developed by Wuhan University GNSS Research Center. The
software works with CODE’s (Center of Orbit Determination)
precise ephemeris and clock corrections, suitable with WHU’s
(Wuhan Analysis Center) phase bias products. In this study, the
kinematic PPP performance of PRIDE-PPPAR software is
examined. Daily data of 5 IGS (International GNSS Service)
stations for a one-week period in 2020 processed under different
(7° and 30°) cut-off angles. Coordinate values are estimated using
two PPP modes (ambiguity-float and ambiguity-fixed) to find out
the contribution of AR. The results are examined regarding to the
accuracy and precision. Also, wrong fixing percentages are
calculated to investigate the success of AR.
Keywords – AR, GNSS, IGS, PPP, PRIDE-PPPAR.

P

I. INTRODUCTION

RECISE point positioning (PPP) is an absolute positioning
method that can give centimeter-level positioning accuracy
after a convergence time using precise satellite orbit and clock
products [1,2]. Traditional PPP has become a practical tool
since the reference station requirement is eliminated. There are
many studies conducted using PPP such as structural health
monitoring and observing seismic waves. [3-5]. The main
drawback of PPP technique is that it needs a long convergence
time to achieve the sub-decimeter level positioning accuracy.
With the increasing number of GNSS constellations, the multiGNSS concept is come up [6]. The multi-GNSS PPP is emerged
by supplementing GLONASS, Galileo, and Beidou
constellations to PPP model. With this development,
convergence time has shortened, and accuracies are improved
[7,8].
The high interest in PPP has accelerated the improvements of
the technique. Conventionally, PPP method offers an

E-ISBN: 978-625-44427-4-2

ambiguity-float solution due to the difficulties of ambiguity
resolution (AR). In the last years, new approaches have been
developed for ambiguity-fixed PPP or called PPP-AR (PPP
with ambiguity resolution) [9-11]. Mainly, the uncalibrated
hardware delays (UHD) arising in both receivers and satellites
obstructs the AR [15]. To overcome this deficiency additional
phase-clock bias products are needed, which are provided by
IGS analysis centers (ACs), hereafter called AR products. [16].
However, the AR products can only be used with the consistent
precise satellite orbit and clock products.
Some studies have been conducted using PPP-AR approach.
Li, et al. in 2018 [12] investigated the impact of AR on
accuracy. The results show that AR was improved the
positioning accuracy. Goudarzi and Banville in 2018 [13],
compared the PPP-AR and relative method for detecting
surface deformations. According to the results, PPP-AR can be
used successfully to detect movements in the long observation
period. Hu et al. in 2014 [14], used PPP-AR for monitoring land
deformations in a mining area. They indicated that AR was
shortened the convergence time.
In addition, different software packages have been developed
to apply AR. Among them, PRIDE-PPPAR is a new opensource software developed by PRIDE Lab at Wuhan University
[17]. PRIDE-PPPAR works with CODE (Center of Orbit
Determination) AC’s final orbit and clock corrections, and AR
products of WHU (Wuhan University) AC as default. Unlike
the others, PRIDE-PPPAR is designed especially for PPP-AR
with an enhanced AR algorithm. Also, PRIDE-PPPAR is the
first open-source PPP-AR software. Thus, it is worth to
investigate the positioning performance of this software.
In this study, the kinematic positioning performance of first
open-source PPP-AR is investigated considering different (7°
and 30°) cut-off angles. Due to the inability of processing other
constellations in PRIDE-PPPAR software, only GPS satellites
are considered. The data of 5 IGS (International GNSS Service)
stations for a one-week period in 2020 processed using two PPP
modes (ambiguity-fixed and ambiguity-float). The contribution
of AR to PPP is examined considering accuracy and precision.
This paper is organized as follows. In section 2, the
functional model of PPP is shortly introduced. Section 3
describes the data and processing strategy. The results are
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discussed in Section 4, and the conclusions are given in Section
5.
II. IONOSPHERE-FREE PPP FUNCTIONAL MODEL
In general, ionosphere-free (IF) combinations of code and
phase observations are used for PPP, to eliminate the first-order
ionosphere effect. The observation equations can be written as:
, ,
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+
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=

+
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where the superscript and superscript denotes receiver and
satellite, respectively; , and
, are the IF combination of
code and phase measurement, respectively; is the geometric
is the receiver clock offset,
range, is the speed of light,
is the satellite clock offset,
is the tropospheric delay,
is the wavelength of the IF combination,
is the phase
and
integer ambiguity,
, ,
, , indicates the receiver
, ,
hardware code and phase delays, respectively;
and
, ,
indicates the satellite hardware code and phase delays,
respectively; , and , are the measurement noise of IF
code and phase measurement, respectively.
In general, IGS precise orbit and clock products are used to
eliminate the clock offsets. The satellite hardware code bias is
lumped into satellite clock offset term since IGS clock products
are computed using IF code measurements. Similarly, receiver
hardware code bias can be absorbed by the receiver clock offset
term. The receiver and satellite hardware phase biases are
lumped into the ambiguity parameter. Therefore, the integer
nature of the ambiguity term is destroyed [18].
The IF code and phase observables can be written as:
1
2
2 )/( 1
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As can be seen from Equation 2 to estimate the integer value
of IF ambiguity, satellite and receiver hardware phase bias
information is needed. As mentioned before ACs are computing
satellite hardware biases from the network and providing to
users, so-called AR products. Herein, receiver dependent
hardware biases can be safely ignored for PPP [19].
In general, estimating the ambiguity-fixed solution is done in
three sequential steps. Firstly, the ambiguity-float solution is
estimated without considering the integer ambiguity term.
Secondly, the float solution is used to solve the integer value of
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where
and
are WL combinations of phase and code,
and
are NL combinations of phase and
respectively;
code, respectively. The WL and NL ambiguities cannot be
calculated and fixed simultaneously, since NL ambiguity
contains WL ambiguity. Therefore, first WL ambiguity is
resolved then NL ambiguity is resolved. IF ambiguity can be
fixed only both WL and NL ambiguities are fixed [22]. When
NL ambiguities cannot be fixed to an integer, AR can be
conducted as partial fixing [23].
III. DATA AND PROCESSING STRATEGY
Five globally distributed IGS stations were chosen for data
processing. In the processing, daily data of a one-week period
(DOY 12-18) in 2020 is used. Figure 1 shows the geographical
distribution of selected IGS stations. When choosing stations, it
was checked that they were in related IGS weekly solutions,
since IGS solutions are used as reference coordinates. The data
availability for RINEX files was checked and the files over %98
availability were used for processes.

(4)

where 1 and 2 two frequencies in Hertz; 1, 2, 1, and 2
are the code-pseudorange and carrier-phase observations on
two frequencies. IF wavelength and ambiguity parameters can
be written as:
1
2
=
(5)
1
2
1
2
=

the ambiguity term. Then, the unknown parameters are
calculated using the integer value of ambiguity [20].
IF ambiguity can be estimated by wide-lane (WL) and
narrow-lane (NL) combinations [21].
=( 1
1
2
2)/( 1
2)
(7)

Figure 1: Distribution of selected IGS stations.

Only GPS data was used since in the latest version of PRIDEPPPAR other GNSSs are not supported. The positioning mode
was set to kinematic. Satellite elevation cut-off angles were set
to 7° and 30°, to represent both open sky and urban canyon
conditions. Processes were conducted in two different PPP
modes, namely, ambiguity-float and ambiguity fixed. In
ambiguity resolution, a bootstrapping method was used for both
WL and NL ambiguities. The detailed PPP processing
parameters are given in Table 1.
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Table 1: The detailed processing parameters.

Satellite ephemeris and clock
Observation epoch interval
Filter

CutSatellite phase center
Receiver phase center
Ionospheric effect
Phase ambiguities
Ambiguity resolution
Intra-Frequency Bias
Coordinate estimation
Troposphere

Zenith wet delay estimation
Horizontal delay gradients
estimation
Phase wind-up
Tidal effects

Kinematic
CODE final orbit/ Estimated

To compare the results belonging to the same station, after
the removal of outliers, an alignment was performed between
two PPP modes. For better comprehension, the outlier
percentages for two different cut-off angles are given in Figure
2 and Figure 3.

30 s
Forward and backward

7 /30
Applied
Corrected with up-to-date
IGS14.atx
Corrected with up-to-date
IGS14.atx
Eliminated by IF linear
combination
FLOAT/FIXED
Bootstrapping method is used
for both WL and NL
GPS C1-P1 code bias was
corrected with up-do-date
DCB file
White-noise-like parameters
GMF model with piece-wise
constant with Saastamoinen
model
Piece-wise constant

Figure 2: Outlier percentages for 7 cut-off angle.

Piece-wise constant
Corrected
Solid tide, ocean loading and
polar tides (IERS 2003)

IV. RESULTS AND ANALYSIS
The IGS weekly combined solutions were assumed as true
coordinates. With these coordinates, the obtained solutions
were converted to the topocentric coordinate system (north,
east, up). For proper analysis, an outlier test was run with a 10
cm threshold. The coordinates above this were discarded from
the root mean square error (RMSE) calculations. For simplicity
of visualization, RMS errors of ambiguity-float PPP results for
each station and cut-off angle are provided in Table 2.

Figure 3: Outlier percentages for 30 cut-off angle.

According to the Figures above, for both two different cutoff angles, the ambiguity-float solutions have more outliers than
the ambiguity-fixed solutions. As can be seen from the Figures,
the outlier percentages for the 30° cut-off angle are much bigger
than the 7° cut-off angle due to the limited skyview of GPS
satellites.
In order to investigate the performance of AR, accuracy
improvements in north, east and up components from the
ambiguity-fixed solutions with respect to the ambiguity-float
solutions for each station are given in Figure 4-6.

Table 2: RMSEs calculated from ambiguity-float PPP.
Station
ARTU
MAYG
MOBS
NLIB
POAL

ARTU
MAYG
MOBS
NLIB
POAL

Cut-off: 7
East (cm)
0.87
1.36
1.20
1.35
0.97
Cut-off: 30
North (cm)
East (cm)
1.48
2.31
1.80
2.17
2.40
2.63
1.58
2.12
1.74
2.30

North (cm)
0.80
1.02
0.87
1.25
1.02

E-ISBN: 978-625-44427-4-2

Up (cm)
1.61
5.08
2.81
3.64
2.75

Figure 4: Accuracy improvements of AR in north component.

Up (cm)
4.42
5.06
4.89
5.47
4.68
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decreases, the success of AR is decreased. The short arc length
of satellites under limited skyview leads to unstable AR.
The PRIDE-PPPAR software uses the forward and backward
filtering as default. And this cannot be changed to forward
filtering. Due to this, the convergence time analysis is not
included in this work.
V. CONCLUSION
Figure 5: Accuracy improvements of AR in east component.

Figure 6: Accuracy improvements of AR in up component.

As can be seen from improvement graphics, ambiguity fixing
provides more accurate coordinates. As might be expected, the
improvements in the east component are higher than the north
and up components for both two cut-off angles. The NLIB
station has the lowest improvement in north components. The
lowest improvement for the east component is at POAL station.
For the up component, the improvements are quite lower at the
high cut-off angle. Even ARTU, MOBS and POAL stations are
negatively affected by AR. Also, it can be concluded that the
improvements for higher cut-off angles are much bigger than
lower cut-off angles. The degradation in up component for 30°
elevation cut-off angle, can be due to the limited number of
satellites.
In addition, the wrong fixing of integer ambiguities was
calculated to investigate the performance of AR. If any
ambiguity-fixed solution is in the outlier range and its
ambiguity-float counterpart is not in the outlier range it socalled wrong fixing. Figure 7 shows the wrong fixing
percentages for each station and cut-off angle.

In this paper, the kinematic positioning performance of the
first open-source PPPAR software (PRIDE-PPPAR) is
examined for different elevation cut-off angles (7° and 30°)
which are representing the open sky and urban canyon
situations. According to the results, ambiguity-fixed solutions
are quite better than ambiguity-float solutions. Even at the high
elevation cut-off angles, accuracy improvements were found
comparable. Also, wrong fixing percentages of the integer
ambiguities were investigated. It is found that as satellite
visibility decreases, the success of AR is decreased.
In general, PRIDE-PPPAR software has successfully applied
the AR. As expected, accuracies for the north, east and up
components are improved with the AR. Due to the restricted
filtering option of the software, the convergence time analysis
could not perform.
Based on this study, PRIDE-PPPAR software can be used as
alternative software for PPP-AR.
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The Importance of Landscape in the
Coronavirus (Covid 19) Period
G.SANDAL ERZURUMLU
1L÷GHgPHU+DOLVGHPLU 8QLYHUVLW\1L÷GH7XUNH\JSH\]DM#JPDLOFRP
Abstract - Along with the appearance of Covid-19 outbreak
in Turkey since March, people avoided the crowds and arrival
of various travel bans led people to houses with gardens.
Especially families with children have come to prefer calm areas
with beautiful landscapes to spend free time outdoors. In this
period, people started to use ornamental plants in hobby
gardens. In addition to these, the demands for rural areas with
beautiful landscapes have intensified day by day. The aim of this
study is to determine the importance given to green areas and
landscape in any epidemic period. It is aimed to determine the
place of the green areas in human life.
Keywords: Covid 19, Coronavirus, Detached House, Ni de,
Landscape

I INTRODUCTION
+LVWRULFDO LQIRUPDWLRQ VKRZV WKDW SHRSOH FKRVH IRUHVWV
DQG ZRRGHG DUHDV LQ RUGHU WR OLYH FROOHFWLYHO\ HYHQ LQ WKH
HDUO\SHULRGV 7KLVLVPDLQO\EHFDXVHSHRSOHFDQRQO\PHHW
WKHLU IRRG FORWKLQJ DQG VKHOWHU QHHGV LQ IRUHVW DUHDV In
DJULFXOWXUH SODQWDQGDQLPDOKXVEDQGU\ IRUHVWVKDYHEHHQ
XVHGWRDJUHDWH[WHQWLQRUGHUWRUHDFKWKHFXUUHQWVLWXDWLRQ.
0RVWRIWKHEXLOGLQJPDWHULDOVUHTXLUHGIRUWKHHVWDEOLVKPHQW
RIYLOODJHVWRZQVDQGODUJHFLWLHVZHUHREWDLQHGIURPIRUHVWV
[1]. :LWK WKH LQFUHDVH LQ SRSXODWLRQ UHVLGHQWLDO DUHDV KDYH
WXUQHGLQWRFLWLHV
&LWLHVDUHDFROOHFWLRQRIUDSLGO\ GHYHORSLQJDQGFKDQJLQJ
V\VWHPV FRQVLVWLQJ RI PDQ\ VSDFHV DQG WKH UHODWLRQVKLS
EHWZHHQ WKHVH VSDFHV. &LWLHV DUH OLYLQJ EHLQJV WKDW EULQJ
SHRSOHWRJHWKHULQODUJHFRPPXQLWLHVDQGSURYLGHVHUYLFHVLQ
PDQ\DUHDVVXFKDVVKHOWHUSURWHFWLRQHGXFDWLRQZRUN WUDGH
VRFLDO DQG FXOWXUDO IXQFWLRQV OLYLQJ ZLWK WKHLU UHVLGHQWV
ZKLFKDUHFRQVWDQWO\HYROYLQJFKDQJLQJDQGJURZLQJ &LWLHV
DUHEXLOWE\SHRSOHEXWWKH\GHYHORSDQGJURZRQWKHLURZQ
[2].
$VWKHSRSXODWLRQLQFUHDVHVLQFLWLHVGXHWRWKHQHHGIRU
UHVLGHQWLDO DUHDV GHVWUXFWLRQ RI QDWXUH DQG ]RQLQJ DUHDV
LQFUHDVHUHJDUGOHVVRIWKHIHUWLOLW\OHYHORIWKHVRLO. $VLQWKH
FXUUHQWVLWXDWLRQSHRSOH VGHVLUHIRUQDWXUHDQGJUHHQEHJLQV
WRLQFUHDVH. 3HRSOHZKRZDQWDJUHHQDUHDRUDVPDOOSLHFHRI
QDWXUH ZRRGHGDUHDV OLYHLQTXLHWDQGJUHHQSODFHV
,W LVSRVVLEOH WR VD\ WKDWKXPDQ FRQWDFWZLWK QDWXUH FDQ
RFFXU LQ WKUHH ZD\V 7KH ILUVW LV ZDWFKLQJ QDWXUH IURP D
ZLQGRZ ORRNLQJ DW WKH SLFWXUH RU SKRWR IURP WKH ERRN RU
YLGHR >     @. SHFRQGO\ GRLQJ DFWLYLWLHV VXFK DV
VLWWLQJRQDEHQFKRXWGRRUVUHDGLQJDERRNFRPPXQLFDWLQJ
ZLWK SHRSOH ULGLQJ D ELNH > @. TKH WKLUG LV DFWLYH
HQJDJHPHQWOHYHOLQWHUDFWLRQVVXFKDVJDUGHQLQJDJULFXOWXUDO
ZRUN PRXQWDLQ KLNLQJ DQG FDPSLQJ KRUVHEDFN ULGLQJ RU
RWKHUSK\VLFDOH[HUFLVHWKDWFRRSHUDWHZLWKQDWXUH >12].
+XPDQSK\VLRORJ\RIKXPDQLQWHUDFWLRQZLWKQDWXUH >
13] DQGLWVSV\FKRORJ\ .DSODQ .DSODQ/HDWKHUHW
DO.XR.XR 6XOOLYDQ(OLQJV WKHUH
DUHPDQ\VWXGLHVWKDWGUDZDWWHQWLRQWRWKHSRVLWLYHHIIHFWVRI
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WKHVHVXEMHFWV. 7KHVHVWXGLHVSRLQWRXWWKDWWKHXVHRIQDWXUHYLHZYLGHRSKRWRSUHVHQWDWLRQVDQGVLPXODWLRQVDQGQDWXUH
VRXQGVRXUFHVZLWKGLIIHUHQWVFDOHVLQWKHLQWHULRUKDVSRVLWLYH
HIIHFWVRQKXPDQSV\FKRORJ\LQWKHFRQWH[WRIDXGLWRU\DQG
YLVXDOSHUFHSWLRQOHYHOV[12].
8QKHDOWK\FRQGLWLRQVLQFLWLHVKDYHEHFRPHLQFUHDVLQJO\
WKUHDWHQLQJWRXUEDQOLIH 8QKHDOWK\FRQGLWLRQVKDYHFDXVHG
PDQ\ GLVHDVHV WR EHFRPH HSLGHPLFV LQ LQGXVWULDO FLWLHV
FDXVLQJ IUHTXHQW PDVV GHDWKV LQ FLWLHV +RZHYHU HSLGHPLF
GLVHDVHV LQ LQGXVWULDO FLWLHV SRVH D WKUHDW QRW RQO\ WR WKH
ZRUNLQJSHRSOHEXWDOVRWRWKHERXUJHRLVLHGXHWRWKHQDWXUH
RI HQYLURQPHQWDO SUREOHPV $V D PDWWHU RI IDFW WKHVH
HSLGHPLFVKDYHQRZEHFRPHDSUREOHPLQFLWLHV>@.
,Q ELJ FLWLHV DQG LQGXVWULDO VHWWOHPHQWV JUHHQ DUHDV DQG
PDVVHV XQGHUWDNH WKH ELJJHVW FRQWULEXWLRQ WR WKH KHDOWK RI
SHRSOHRUWRUHJDLQWKHLUKHDOWK 7KLVFRQWULEXWLRQFDQQRWEH
GHQLHGHVSHFLDOO\LQDULGFOLPDWLFUHJLRQVLQUHJLRQVZKHUH
QDWXUDOYHJHWDWLRQKDVEHHQODUJHO\RUFRPSOHWHO\GHVWUR\HG
,Q D IRUHVWHG DUHD SLFQLF FDPSLQJ HYHQ D IHZ KRXUV RI
VWUROOLQJ DQG UHVWLQJ LQ YDULRXV IRUPDWLRQV RI QDWXUDO
YHJHWDWLRQDIIHFWKXPDQKHDOWKLQDODUJHDQGSRVLWLYHZD\ ,W
LV DOVR SRVVLEOH WR SURWHFW ZLOGOLIH IURP HQYLURQPHQWDO
KDUPIXOIDFWRUVPRVWHIIHFWLYHO\ZLWKJUHHQDUHDV.
II R(6($5&+FINDINGS
A Respiratory Diseases From Past To Present
7KHUHKDYHEHHQPDQ\HSLGHPLFVLQWKHZRUOGIURPSDVW
WRSUHVHQW :KHQWKHGLVHDVHVUHODWHGWRUHVSLUDWLRQWKDWFDXVH
GLVWUHVVLQJGHVWUXFWLRQV ZHUH H[DPLQHG WKH IROORZLQJZHUH
GHWHUPLQHG
x
:KLOHVPDOODQGODUJH-VFDOHHSLGHPLFVKDYHFODLPHG
PRUHWKDQPLOOLRQOLYHVLQYDULRXVSDUWVRIWKHZRUOGVLQFH
WKH HDUO\ V WKH ELJJHVW HSLGHPLFV LQ KLVWRU\ DUH %ODFN
'HDWK DQG 6SDQLVK IOX &RQVLGHUHG RQH RI WKH ELJJHVW
HSLGHPLFVLQWKHKLVWRU\RIWKHZRUOGWKH 6SDQLVKIOXKDGLWV
HIIHFW IRU  PRQWKV EHWZHHQ  DQG  FDXVLQJ WKH
GHDWKRIQHDUO\PLOOLRQSHRSOHZRUOGZLGH.
x
,WLVHVWLPDWHGWKDWWKRXVDQGSHRSOHGLHGLQWKH
ZRUOGZKHQWKHGLVHDVHZKLFKLVGHVFULEHGE\VFLHQWLVWVDVD
PL[WXUH RI LQIOXHQ]D LQ KXPDQV DQG LQIOXHQ]D LQ SLJV DQG
ELUGVFDXVHGDQHSLGHPLFLQ
x
7KHZRUOGIDFHGWKHJOREDOHSLGHPLFRQFHDJDLQZLWK
DQHZGLVHDVHWKDWEURNHRXWLQ:XKDQ&KLQDLQWKHODVWGD\V
RI  &RQWDJLRXV &RYLG- VSUHDG UDSLGO\ DURXQG WKH
ZRUOG DQGKDVFDXVHGWKHGHDWKRIPRUHWKDQPLOOLRQSHRSOH
WRGDWH
$V FDQ EH VHHQ UHVSLUDWRU\ GLVHDVHV KDYH RFFXUUHG LQ
KLVWRU\ DQG WRGD\ KDYH FDXVHG WKH GHDWK RI PDQ\ SHRSOH
(VSHFLDOO\ LQ WKHVH SHULRGV SHRSOH V GHPDQG IRU QDWXUH IRU
UHVWDQGSV\FKRORJLFDOUHOD[DWLRQKDVLQFUHDVHG ,QWKHSHULRG
RIHSLGHPLFVSHRSOHQHHGPRUHODQGVFDSHQDWXUHDQGIRUHVW
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DUHDV (FRORJ\ GHJUDGDWLRQ DIIHFWV WKH VXUYLYDO RI PDQ\
VSHFLHV. 7KHFRQWLQXLW\RIHFRORJLFDOEDODQFHLVUHTXLUHGIRU
WKH FRQWLQXLW\ RI OLIH. 7KHUH DUH LPSRUWDQW FRQFHSWV WR
ODQGVFDSH HFRORJ\ %LRGLYHUVLW\ LV WKH UHODWLRQVKLS EHWZHHQ
WKH HFRV\VWHP DQG WKH IXQFWLRQ EHWZHHQ WKH WZR WKH
FRQWLQXLW\ EHWZHHQ VSDWLDOO\ KHWHURJHQHRXV FRQQHFWLRQV
DQLPDWH-QRQ-OLYLQJUHODWLRQVKLS GLVWXUEDQFHUHVLVWDQFHDQG
UHFRYHU\ (FRV\VWHP HFRORJ\ DQG ODQGVFDSH EHJLQ ZLWK
QDWXUHFRQVHUYDWLRQ. 7RDFKLHYHWKLVSURWHFWLQJWKHHFRORJ\
DQG HQVXULQJ WKH VXVWDLQDELOLW\ RI WKH ODQGVFDSH VKRXOG EH
FRQVLGHUHGILUVW
B Ecology, Urban Ecosystem and the Impact of
Sustainable Landscape on People
(FRORJ\ LV WKH VFLHQFH WKDW VWXGLHV WKH UHODWLRQVKLSV RI
OLYLQJEHLQJVZLWKHDFKRWKHUDQGWKHLUHQYLURQPHQW(FRORJ\
LQWHJUDWHG ZLWK WHFKQRORJ\ LV UHIOHFWHG LQ WKH VSDFH DQG
FUHDWHV DQ DOWHUQDWLYH FLW\ YLVLRQ LQ KDUPRQ\ ZLWK QDWXUH
HFRQRPLFDOO\ HIILFLHQW DQG VRFLDOO\ FRPSDWLEOH (FRORJLFDO
OLIHSHUFHLYHGDVDQDOWHUQDWLYHZD\RIOLIHVKRXOGEHFRPHD
QDWXUDOSDUWRIHYHU\RQH VOLIHVW\OHRYHUWLPH
8UEDQ HFRV\VWHPV DUH SODFHV ZKHUH KXPDQ LQIOXHQFH LV
VHHQGXHWRUHVLGHQWLDOLQGXVWULDODQGFRPPHUFLDOXVH 7KH\
DOVR KDYH GLVWLQFWLYH HFRORJLFDO IHDWXUHV DQG DFFRPPRGDWH
PDQ\GLIIHUHQWKDELWDWV 8UEDQHFRV\VWHPVDUHXQGHUWKUHDW
HVSHFLDOO\ZLWKLQGXVWULDOL]DWLRQDQGXUEDQL]DWLRQ >@. 7KH
EHQHILWV RI WKH XUEDQ HFRV\VWHP DUH WR FRQVHUYH DQG HQULFK
ELRORJLFDO GLYHUVLW\ FUHDWH KDELWDWV IRU OLYLQJ WKLQJV VRLO
IRUPDWLRQ VHHG WUDQVSRUW SROOLQDWLRQ DQG FRQWULEXWH WR WKH
OLIHF\FOH
6XVWDLQDEOH ODQGVFDSH LV GHILQHG DV WKH SURFHVV RI
LPSURYLQJ SUHVHUYLQJ DQG GHYHORSLQJ DOO HQYLURQPHQWDO
YDOXHV WKDW FRQVWLWXWH WKH HQYLURQPHQW RI ERWK WRGD\ DQG
IXWXUH JHQHUDWLRQV ZLWKRXW HQGDQJHULQJ WKH H[LVWHQFH DQG
TXDOLW\ RI UHVRXUFHV WKDW IXWXUH JHQHUDWLRQV ZLOO QHHG
8QLYHUVLW\FDPSXVHVZKLFKKDYHDQLPSRUWDQWSODFHLQWKH
XUEDQ IDEULF DUH RQH RI WKH HQYLURQPHQWV ZKHUH
HQYLURQPHQWDOSUREOHPVRFFXURQDPLFURVFDOH>@. 7KHVH
GHILQLWLRQVWKDWPDNHXSWKHODQGVFDSHZLOOFRQWULEXWHWRWKH
SURWHFWLRQ DQG FRQWLQXLW\ RI QDWXUH /DQGVFDSH DUHDV ZLOO
SURYLGH RSSRUWXQLWLHV IRU UHFUHDWLRQ LQFUHDVH RI
HQYLURQPHQWDO TXDOLW\ EHWWHU SK\VLFDO DQG PHQWDO KHDOWK RI
XUEDQ SHRSOH DQG QDWXUH HGXFDWLRQ DQG UHODWHG DFWLYLWLHV.
7KHVHFULWHULDZKLFKDUHLPSRUWDQWIRUKXPDQKHDOWKZLOOEH
QHHGHG PRUH HVSHFLDOO\ GXULQJ SDQGHPLF SHULRGV ,Q WKH
SHULRGRI &RYLGWKHIDFWWKDWSHRSOHKDGWRVWD\DZD\IURP
WKHFURZGWKHFORVLQJRIHQWHUWDLQPHQWSODFHVLQFUHDVHGWKH
GHPDQGV IRU JUHHQ VSDFHV DQG KRXVHV ZLWK JDUGHQV :KLOH
VSDFHV IRU KREE\ JDUGHQV ZHUH UHVHUYHG LQ KRXVHV ZLWK
JDUGHQV LQWHUHVW LQ RUQDPHQWDO SODQWV LQFUHDVHG :KLOH
+XPDQ-QDWXUH FRQQHFWLRQ LV FRQVLGHUHG DV D SRWHQWLDO
UHPHG\QDWXUHLVKDUPHGE\KXPDQV /DQGVFDSHHPHUJHVDV
D SURGXFW RI QDWXUH DQG KXPDQ DQG LWV FXOWXUH LQ YDU\LQJ
SURSRUWLRQV ,QGLIIHUHQWSDUWVRIWKHZRUOGZKHUHFOLPDWHDQG
VRLO FRQGLWLRQV DUH DOPRVW WKH VDPH WKH FXOWXUDO OHYHOV
WUDGLWLRQVVRFLDODQGHFRQRPLFFRQGLWLRQVRISHRSOHZKRXVH
LWFDQFUHDWHFRPSOHWHO\RSSRVLWHODQGVFDSHV ,WLVSRVVLEOHWR
VHH DQ HYHU-FKDQJLQJ ODQGVFDSH VHTXHQFH LQ HQGOHVV
YDULDWLRQVLQZKLFKWKHUHDUHODQGZDWHUSODQWVDQLPDOVDQG
PRVWLPSRUWDQWO\KXPDQFRPPXQLWLHVRQHDUWK 1DWXUHYLHZV
DUHFKDQJLQJVRWKHODQGVFDSHKDVDG\QDPLFVWUXFWXUHWKDWLV
FKDQJHG E\ QDWXUDO VRFLDO FXOWXUDO DQG HFRQRPLF HIIHFWV
(YHU\HOHPHQWOLYLQJDQGLQDQLPDWH LVSDUWRIWKHODQGVFDSH
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)RUWKLVUHDVRQWKHDEVHQFHRIHDFKSLHFHWDNHQIURPQDWXUH
LVIHOWE\XV
C Health Function of Green Areas
•
2QH RI WKH EDVLF FRQGLWLRQV IRU WKH FLW\ WR EH D
KHDOWK\SODFHLVXQGRXEWHGO\WKHVL]HRIWKHJUHHQDUHDVLQWKH
FLW\ ,QIDFWLWKDVORQJEHHQNQRZQWKDWJUHHQVSDFHVKDYHD
SRVLWLYHHIIHFWRQSHRSOH VKHDOWK 7KLVIDFWZDVLJQRUHGIRUD
ORQJWLPHLQWKHIDFHRIWKHDGYDQWDJHVRILQGXVWULDOL]DWLRQ
+RZHYHU JUHHQ DUHDV PDNH D JUHDW FRQWULEXWLRQ WR WKH
FLWL]HQV LQ VROYLQJ PDQ\ KHDOWK SUREOHPV FDXVHG E\ XUEDQ
OLIH. 7KH LQWHQVH ZRUNLQJ SDFH RI FLWLHV DQG WKH IDFW WKDW
LQGLYLGXDOV JHQHUDOO\ KDYH WR ZRUN LQGRRUV IRU D ORQJ WLPH
QHJDWLYHO\DIIHFWWKHKHDOWKRIWKHHPSOR\HHV 7KHJUHHQDUHDV
RIWKHFLW\RIIHURSSRUWXQLWLHV IRUFLWL]HQVWRRYHUFRPHWKHVH
KHDOWK SUREOHPV )UHGHULFN /DZ 2OPVWHG RQH RI WKH
DUFKLWHFWVRI&HQWUDO3DUNFRQVLGHUHGRQHRIWKHSLRQHHUVRI
ODQGVFDSHDUFKLWHFWXUHIRFXVHGRQWKHLPSDFWRIJUHHQVSDFHV
RQKXPDQKHDOWK 7RGD\HVSHFLDOO\LQGHYHORSHGFRXQWULHV
SROLWLFLDQV DQG SXEOLF KHDOWK H[SHUWV DUH WU\LQJ WR GUDZ
DWWHQWLRQWRWKHHIIHFWRIJUHHQVSDFHVRQKXPDQKHDOWK>@
6WXGLHV VKRZ WKDW JUHHQ VSDFHV KDYH D FDOPLQJ HIIHFW RQ
KXPDQ EHKDYLRU 2Q WKH RWKHU KDQG WKH :RUOG +HDOWK
2UJDQL]DWLRQVWDWHG WKDWJUHHQDUHDVDUHDIDFWRUWKDWUHGXFHV
VWUHVV DV ZHOO DV SURYLGLQJ FOHDQ DLU DQG TXDOLW\ SK\VLFDO
DFWLYLW\WRWKHVRFLHW\ *UHHQDUHDVFRQWULEXWHWRVRIWHQLQJWKH
GLIILFXOWDQGVWUHVVIXOTXDOLWLHVRIXUEDQOLIHDOEHLWSDUWLDOO\.
,WKDVEHHQGHWHUPLQHGWKDWHVSHFLDOO\WKHJUHHQDUHDVRIWKH
FLWLHVFRQWULEXWHVLJQLILFDQWO\WRWKHLQGLYLGXDOVJHWWLQJULGRI
VWUHVVSDLQDQGWHQVLRQ ,WKDVEHHQGHWHUPLQHGWKDWMXVWDIHZ
PLQXWHVRISHRSOHJD]LQJDWDODQGVFDSHZLWKWUHHVIORZHUV
DQGZDWHUFDQUHOLHYHWHQVLRQDJLWDWLRQDQGSDLQ >@. ,QDQ\
HSLGHPLFSHULRGXUEDQRSHQDQGJUHHQDUHDVSURWHFWHGIURP
FRQVWUXFWLRQ VXFK DV SDUNV VSRUWV ILHOGV SDUNLQJ ORWV
VTXDUHVRSHQDUHDVRIRIILFLDOKHDOWKHGXFDWLRQDQGUHOLJLRXV
IDFLOLWLHV IRU PXOWLIXQFWLRQDO XVH VKRXOG EH RI VXIILFLHQW
SUR[LPLW\DQGVL]HWRWKHSRSXODWLRQWKH\ZLOOVHUYHDQGWKH\
VKRXOGEHLQFRQWLQXLW\DQGDFFHVVLEOH,QODQGVFDSHGHVLJQV
WREHPDGHLQVXFKDUHDVEHVLGHVWKHQHFHVVLW\RIPDNLQJWKH
URDG GLVWDQFHV LQ VXIILFLHQW GLPHQVLRQV LW LV QHFHVVDU\ WR
VXSSRUWLWZLWKVWHSSHGSODQWVLQWKHIRUPRIDSURWHFWLYHZLQG
FXUWDLQ.
•
)URPWKHSDVWWRWKHSUHVHQWSODQWVKDYHEHHQXVHG
JUDGXDOO\ WR FRYHU YLVXDO SROOXWLRQ DQG WR FUHDWH ZLQG
FXUWDLQV %\XVLQJWKHVDPHIXQFWLRQHVSHFLDOO\RQZDONZD\V
WKH GLVWDQFH EHWZHHQ SHRSOH FDQ EH PDLQWDLQHG DQG FOHDQ
HQYLURQPHQWVFDQEHFUHDWHG
D The Importance of Landscape Design in Gardens
,Q 7XUNLVK JDUGHQV WUHHV KDYH EHHQ XVHG IRU IXQFWLRQDO
SXUSRVHVDVZHOODVIRUWKHLUVSLULWXDOSXUSRVHV )UXLWWUHHVDQG
YHJHWDEOH JDUGHQV ZHUH DOVR XVHG LQ WKHVH JDUGHQV IRU WKH
QHHGVRIWKHKRXVHKROG 7UHHVDQGYDULRXVHOHPHQWVKDYHEHHQ
XVHG WR SURYLGH VKDGH DQG D KDPPRFN RU VZLQJ KDV EHHQ
LQVWDOOHG RQ VXLWDEOH WUHHV WR FUHDWH D UHFUHDWLRQ DQG
HQWHUWDLQPHQWSODFHIRUERWKFKLOGUHQDQGDGXOWV
7DúNDQ   VWDWHG WKDW DV D UHVXOWRI WKH GHFUHDVH LQ
JUHHQ DUHDV WRGD\ UHVLGHQWLDO JDUGHQV JDLQ LPSRUWDQFH LQ
RUGHU WR VDWLVI\ SHRSOH V GHVLUH IRU JUHHQ LQFUHDVH WKHLU
UHODWLRQVKLSZLWKQDWXUHDQGDWWKHVDPHWLPHDGGDHVWKHWLF
YDOXHWRKRXVHV. ,QWKHSDVWDQGWRGD\HYHU\SRRURUZHDOWK\
KRPHRZQHU ZDQWHG WR KDYH D VPDOO RU ODUJH FRXUW\DUG RU
JDUGHQ DQG VWDWHG WKDW WKLV GHVLUH ZDV DPDMRUIDFWRU LQ WKH
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WKRXJKW RI WKH JDUGHQ DV DQ LQWHJUDO SDUW RI WKH KRXVH DQG
VKDSLQJLWDFFRUGLQJO\ [19].
$Q\ ODQGVFDSH SODQQLQJ RU GHVLJQ LQ WKH JDUGHQV ZLOO
EHDXWLI\ WKH HQYLURQPHQW DQG FUHDWH VSDFHV WKDW ZLOO PDNH
SHRSOHKDSS\
E The Importance of Green Space in the Pandemic Period
*UHHQVSDFHVKDYHSRVLWLYHHIIHFWVRQWKHSK\VLFDODFWLYLW\
OHYHOVDQGKHDOWKRISHRSOHDQGFKLOGUHQ
,Q RUGHU WR HQVXUH VRFLDO GLVWDQFH LW LV LPSRUWDQW WKDW
XUEDQ VHWWOHPHQWV DUH FRPIRUWDEOH DQG FDOP DQG WKDW WKH
SRSXODWLRQ GHQVLW\ LV GLVWULEXWHG HYHQO\ &UHDWLQJ
FRPIRUWDEOHDQGVXLWDEOHVRFLDOVSDFHVIRUHPSOR\HHVVKRXOG
EHEXLOWLQDFFRUGDQFHZLWKJOREDOVWDQGDUGVRIWKHDPRXQWRI
JUHHQ VSDFH SHU LQGLYLGXDO 7KH LPSRUWDQFH RI FUHDWLQJ
KHDOWK\OLYLQJFRQGLWLRQVLQFLWLHVDQGGHVLJQLQJJUHHQDUHDV
ZLWKDSSURSULDWHSODQWVSHFLHVKDVLQFUHDVHGLQRUGHUWRUHGXFH
FKURQLFGLVHDVHV.
5HVLGHQWLDO DUHDV ZLWKRXWJDUGHQVRUJUHHQDUHDV VKRXOG
QRW EH SODQQHG 7KH VKLIWLQJ VSDFH RI PDQ\ VSRUWLQJ DQG
FXOWXUDO DFWLYLWLHV ZKLFK ZHUH QRW QHHGHG WR EH RXWGRRUV
EHIRUH OHDGV WR WKH LQFUHDVHG XVH RI JUHHQ DUHDV ,Q WKLV
FRQWH[W WKH SURWHFWLRQ DQG VXVWDLQDELOLW\ RI WKH XUEDQ
HFRV\VWHPDOVRLQFUHDVHVLWVLPSRUWDQFH :LWKWKHGHPDQGVRI
WKHXVHUVVXFKDVVSHQGLQJPRUHWLPHLQJUHHQDUHDVUHVWLQJ
ORXQJLQJ H[HUFLVLQJ DQG GRLQJ VSRUWV DFWLYLWLHV LQFUHDVLQJ
WKHDPRXQWRIJUHHQDUHDVDQGHQVXULQJWKHXVHRIJUHHQDUHDV
LQDZD\WRSURWHFWVRFLDOGLVWDQFHKDYHFRPHWRWKHDJHQGD
1RZDGD\VLWLVWKHDPRXQWRITXDOLW\JUHHQDUHDVWKDWPDWWHUV
PRUHWKDQWKHDPRXQWRIJUHHQVSDFHSHUSHUVRQ 7KHFRQFHSW
RITXDOLW\JUHHQVSDFHRQWKHRWKHUKDQGPHDQVWKDWXVHUV
FDQHDVLO\GRPDQ\DFWLYLWLHVWKDWWKH\FDQKDYHDJRRGWLPH
ZLOO EULQJ DORQJ DUHDV WKDW SURYLGH WKH VXVWDLQDELOLW\ RI WKH
HFRV\VWHP DSSHDO WR DOO VHQVHV DQG SURYLGH PHQWDO DQG
SK\VLFDOVDWLVIDFWLRQ>@.
III CONCLUSION
+HDOWK DQG VDWLVIDFWLRQ LQFUHDVH LQ SURSRUWLRQ WR WKH
QDWXUDOQHVVRIWKHODQGVFDSH 7KHSUHVHQFHRIJUHHQDUHDVWKH
FDOPQHVV RI UXUDO DUHDV ELUG VRXQGV IORZHU DQG VRLO VFHQW
KDYH D SRVLWLYH HIIHFW RQ KXPDQ KHDOWK ZKLFK LV HVSHFLDOO\
LPSRUWDQWIRUSDWLHQWV. $FFRUGLQJO\LWLVREVHUYHGWKDWVHQVH
RU WKHUDS\ JDUGHQV WHQG WR GHYHORS QHDU KHDOWK-UHODWHG
LQVWLWXWLRQVDQGRUJDQL]DWLRQV [21]. 7KHGHVLJQRIWKHVHQVRU\
JDUGHQZKHUHWKHVHQVHVDUHVWLPXODWHGZLWKGLIIHUHQWFRORUV
WH[WXUHVDQGIRUPV RISODQWVLVLPSRUWDQWLQWKHUDS\JDUGHQV
[22]. 7KHUDS\ JDUGHQV PXVW EH LPSOHPHQWHG LQ DFFRUGDQFH
ZLWK ERWK DHVWKHWLF DQG IXQFWLRQDO FULWHULD :KLOH PRVW
JDUGHQV VDWLVI\ SHRSOH DHVWKHWLFDOO\ VHQVRU\ DQG WKHUDS\
JDUGHQVKDYHEHHQFUHDWHGZLWKIXQFWLRQDOLW\WRDSSHDOWRDOO
ILYHVHQVHVRIKXPDQEHLQJV
$V D UHVXOW RI WKH HQYLURQPHQWDO SUREOHPV H[SHULHQFHG
WRGD\PDQ\FRXQWULHVDURXQGWKHZRUOGDUHZRUNLQJRQWKH
GHILQLWLRQSURWHFWLRQDQGPDQDJHPHQWRIWKHLUQDWXUDOYDOXHV
,QWKLVFRQWH[WVWXGLHVRQWKHVXEMHFWKDYHLQFUHDVHGZLWKWKH
(XURSHDQ /DQGVFDSH &RQYHQWLRQ WR ZKLFK RXU FRXQWU\ LV
DOVRDSDUW\EXWLWLVVHHQWKDWLWLVQRWDWVXIILFLHQWOHYHO\HW
)RU WKLV UHDVRQ VDQFWLRQV VKRXOG EH LQFUHDVHG IRU PRUH
FRQVFLRXVXVHDQGSURWHFWLRQRIQDWXUDOUHVRXUFHVDQGHIIRUWV
VKRXOGEHIRFXVHGRQWKLVLVVXH
:LWKWKLVVWXG\LWLVUHYHDOHGWKDWFLWLHVVKRXOGEHSODQQHG
DQG GHVLJQHG HFRORJLFDOO\ ZKHWKHU WKHUH LV D SDQGHPLF RU
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QRW (GXFDWLRQDO LQVWLWXWLRQV HVSHFLDOO\ XQLYHUVLWLHV WKDW
SURYLGH HQYLURQPHQW SODQQLQJ DQG GHVLJQ HGXFDWLRQ KDYH
LPSRUWDQW UHVSRQVLELOLWLHV LQ WKLV UHJDUG 0HHWLQJV DQG
WUDLQLQJ VHPLQDUV VKRXOG EH KHOG E\ XQLYHUVLW\ IDFXOW\
PHPEHUVWRUDLVHDZDUHQHVVRQWKHVXEMHFW. ,QDGGLWLRQORFDO
JRYHUQPHQWVQRQ-JRYHUQPHQWDORUJDQL]DWLRQVDQGJUDGXDWHV
ZKR ZLOO EH HPSOR\HG LQ WKH SURIHVVLRQ VKRXOG EH PDGH
DZDUHRIWKHLPSRUWDQFHDQGQHFHVVLW\RIHFRORJLFDODSSURDFK
LQXUEDQGHVLJQ
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.XR ) (    &RSLQJ :LWK 3RYHUW\ ,PSDFWV RI (QYLURQPHQW DQG
$WWHQWLRQLQWKH,QQHU&LW\ (QYLURQPHQWDQG%HKDYLRU –
7DúNDQ *    %DUWÕQ NHQWL JHOHQHNVHO NRQXWODUÕQGDNL \DSÕVDO
GH÷LúLPOHULQEDKoHPHNkQÕYHNXOODQÕODQELWNLPDWHU\DOLQH\DQVÕPDODUÕ
<NVHN/LVDQV7H]L%DUWÕQhQLYHUVLWHVL)HQ%LOLPOHUL(QVWLWV
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A Theoretical Study on Porous Functionally
Graded Material Beams
(0$'(1&ø
Necmettin Erbakan University, Konya/Turkey, emadenci@erbakan.edu.tr
Abstract – This study presents the static bending analysis of
porous functionally graded material (FGM) beams. The Young’s
modulus and mass density of composite are assumed to be graded
in the thickness direction according to two different distribution
patterns. The classical beam theory is employed to derive the
governing equations. The Ritz method is employed to obtain the
transverse bending deflections. The results are compared with
the beam made of porous material and reported in the literature.
Keywords – Porosity, Functionally Graded Material, Beam,
Variational Methods, Static Analysis

F

I. INTRODUCTION

UNCTIONALLY graded materials (FGMs), one of the
new advanced composite materials first proposed by
Japanese scientists, have since enjoyed great interest in
research and engineering [1]. The FGMs are nonhomogeneous composite materials that contain two or more
components
whose
material
composition
changes
continuously and smoothly along a specific direction(s) [2].
In contrast to plate and shell structures, limited studies
investigate the mechanical properties of porous FGM beam.
Wen [3] investigated on analytical solutions for deformation
of a thick circular plate saturated by an incompressible fluid.
Magnucki et al. [4] investigated bending and buckling of
rectangular plate made of foam material. Magnucki and
Stasiewicz [5] obtained an explicit expression for the critical
load of FGM beam with graded porosity by using the principle
of stationarity of the total potential energy.
There are important assumptions produced for the analysis
of beams according to their geometric properties and the load
effects applied accordingly. These; Euler-Bernoulli Beam
Theory, Timoshenko Beam Theory and High-order Shear
Deformation Beam Theories. The difference between these
assumptions is due to the definition of the angle of shear. Ma
and Wang [6] investigated nonlinear bending and postbuckling of circular functionally graded plates subjected to
mechanical and thermal loadings based on the first-order shear
deformation theories. Jabbari et al. [7] considered the stability
of sandwich plate with piezoelectric layers and poroelastic
core under uniform thermal and electrical field. They obtained
their results based on the classical and first-order plate
theories. ùLPúHN DQG <XUWFX [8] used the nonlocal
Timoshenko and Euler–Bernoulli beam theory to examine the
analytical solutions for the static bending and buckling of an
FGM nanobeams. Grygorowicz et al. [9] studied the elastic

E-ISBN: 978-625-44427-4-2

buckling of three-layered beam consisting of metal foam core
with varying mechanical properties, and applied a broken line
hypothesis and a nonlinear hypothesis to the displacement
field, respectively. Tomasz Belica et al. [10] investigated the
dynamic stability of FG porous cylindrical shells subjected to
combined loads. Magnuck-Blandzi [11] examined the nonlinear dynamic stability and axi-symmetrical deflection and
buckling of circular porous plates.
It should be noted that in the above-mentioned studies, only
one specific porosity distribution was considered and no
detailed discussion concerning the effects of different porosity
parameters on the structural performance of porous beams was
JLYHQøQWKLVVWXG\Whe static bending of FGM porous beams
with two different porosity distributions have been
investigated. Theoretical formulations are within the
framework of classical beam theory. Ritz method is employed
to obtain the transverse bending deflection. The effects of
porosity coefficient and slenderness ratio on the maximum
deflection and associate are discussed.
II. THEORETICAL FORMULATION
A schematic of the FGM porous beam used in the present
study is shown in Fig. 1. A FGM porous beam of thickness h
and length L with two different porosity distributions along
the thickness direction is shown in Fig. 1a for porosity
distribution 1 and Fig. 1b for porosity distribution 2 [12].
Additionally, the continuous variation of the modulus of
elasticity, shear modulus, and mass density due to the graded
porosity are given by Eq. (1) and Eq. (2) as follows.
Model-1 (symmetric)
E (z)
G (z)

U (z)

Sz º
ª
E 1 «1  e0 cos( ) »
h ¼
¬
Sz º
ª
G1 «1  e0 cos( ) »
h ¼
¬
ª
¬

U 1 «1  em cos(

(1a)
(1b)

Sz º

(1c)

)
h »¼

Model-2 (non-symmetric)
E (z)

G (z)

U (z)

Sz S º
ª
E 1 «1  e0 cos(
 )»
h
4 ¼
¬
Sz S º
ª
G1 «1  e0 cos(
 )»
h
4 ¼
¬
ª
¬

U 1 «1  em cos(

Sz
h



S º
)
4 »¼

(2a)

(2b)
(2c)
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The linear constitutive model for infinitesimal deformation is
referred to as the generalized Hooke’s law. If the stress
components are assumed to be linear functions of the
components of strain, then the most general form of the linear
constitutive equations for infinitesimal deformation is
(6)
V i j Ci j k l H k l
where C is the 4th order tensor of material parameters and is
termed stiffness tensor. We can obtain Euler equations as
G u0



dN
 f
dx

G w0



d 2M
q
dx 2

0,

0,

0 xL

(7)

0 xL

These governing equations are in the form of differential
equations that are not always solvable by exact methods of
solution. There is a number of approximate methods that can
be used to solve differential equations such as “finitedifference methods, the finite element method, Ritz method
etc”. The Ritz method is employed to obtain the transverse
bending deflection of the porous FGM beam with fixed-free
(cantilever). The two displacement functions for beams with
fixed-free boundary condition take the form of the following
simple algebraic polynomials
Fig. 1. Porosity distribution patterns [12]
E
G
where the porosity coefficient e0 1  0 1  0 (0 < e0 <
E1
G1
1), E0 and E1 denote the minimum and maximum values,
respectively, of the modulus of elasticity in the thickness
direction of the beam. The porosity coefficient for mass

U0
(0 < em < 1) in which ȡ0 and
U1
ȡ1 denote the minimum and maximum values, respectively, of
mass density.
According to classical beam theory [13], the following
displacement field is used which is neglected the effect of
transverse shear strain
N
(3)
Mi ( x, y, z, t ) ¦ ( z ) j M ij ( x, y, t )

density is defined as em

1

j 0

where “ Mi ” is the ith component of displacement or stress,
(x,y) the in-plane coordinates, z the thickness coordinate, t the
time and “ M ij ” are functions to be determined.
The closed form of the infinitesimal strain components is
given by:
1 wui wu j
(4)
H ij

(
)
2 wx j

wxi

when “ Mi ” are displacements, then the equations governing
“ Mi j ” are determined by the principle of virtual displacements
or its dynamic version when time dependency is to be
included
T

0

³0 (G U  G V  G K )

(5)

where G U , G V and G K denote the virtual work done by
external applied forces and the virtual kinetic energy,
respectively.
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u (E )

N

¦A E

j

j

j 1

w (E )

(8)

N

¦ Bj E j
j 1

where N is the total number of polynomial terms, Aj and Bj
are the unknown coefficients. The above two functions satisfy
the geometric boundary conditions of the beams. Following
the standard procedure of Ritz method, the minimizing the
obtained total energy with respect to the unknown coefficients

w
0
wAj
(9)

w
0
wB j
III. NUMERICAL RESULTS
The material of the porous beam is assumed to be steel
foam with E1=200 GPa, v =1/3, q1 = 7850 kg/m3. The cross
section of beam is h =0.1 m, b=0.1 m (b is the width of the
beam). It is assumed in this section that the uniformly
distributed load is q = 1 x 104 N/m and the point load on the
mid-span of the beam is F = 1 x 104 N, unless otherwise
stated. The validation analysis is done through direct
comparison between the present results and finite element
results obtained by using commercial finite element software
package ANSYS [12]. To simulate the graded distribution of
elasticity moduli and mass density along the thickness
direction, the beam is divided into a number of layers of same
thickness.
Table 1: Dimensionless bending deflection under a distributed load
(e0=0.5).
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L/h
10
20

50

Present

Model 1

Model 2

0.00083

0.0010

ANSYS [12]

0.00083

0.00099

Present

0.01305

0.01576

ANSYS [12]

0.01311

0.01572

Present

0.50988

0.61202

ANSYS [12]

0.51007

0.61182

Table 1-2 show the dimensionless bending deflections w=
w0/h under a distributed load q = 1 x 104 N/m, and a point load
F = 1 x 104 N at the tip of the beam with varying slenderness
ratio.

[9] Grygorowicz M, Magnucki K, Malinowski M Elastic buckling of a
sandwich beam with variable mechanical properties of the core Thin-Walled
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[10] Belica T, Magnucki K Stability of a porous-cellular cylindrical shell
subjected to combined loads Journal of Theoretical and Applied Mechanics
2013;51:927-36
[11] Magnucka-Blandzi E Non-linear analysis of dynamic stability of metal
foam circular plate Journal of Theoretical and Applied Mechanics
2010;48:207-17
[12] Chen D, Yang J, Kitipornchai S Elastic buckling and static bending of
shear deformable functionally graded porous beam Composite Structures
2015;133:54-61
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and analysis: CRC press, 2004

Table 2: Dimensionless bending deflection under a point load
(e0=0.5).
L/h
10
20
50

Model 1

Model 2

Present

0.00083

0.0010

ANSYS [12]

0.00083

0.00099
0.01576

Present

0.01305

ANSYS [12]

0.01311

0.01572

Present

0.50988

0.61202

ANSYS [12]

0.51007

0.61182

IV. CONCLUSION
The static bending of FGM porous beams with cantilever
boundary condition and two different porosity distributions
have been investigated. Theoretical formulations are within
the framework of classical beam theory. Ritz method is
employed to obtain the transverse bending deflection. The
effects of porosity coefficient and slenderness ratio on the
maximum deflection is discussed.
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Comparing The Precision of Global And
Regional TEC Maps
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Layers surrounding earth sometimes have distorting effects on
GNSS measurements. The ionosphere, is one of these layers, is the
most important layer. The ionosphere layer has a structure that
delays code measurements and speeds up phase measurements.
Therefore, it is possible to determine the retarding and
accelerating effects with GNSS measurements. GNSS
measurements are used to model the effect of this layer. In the
study, in 6 stations in CORS-Tr network, RIM-TEC maps were
obtained using Global TEC maps. Later on, two-difference
solution was realized by using both GIM-TEC and RIM-TEC
maps. In the solutions, solar activity, geomagnetic storm values
were taken into consideration. Based on the 173rd day of year 2015
in which there are three indexes, and the 174th day of year 2015
and the 7th day of year 2014, in where there are different indexes,
the comparison of the coordinates calculated by taking these days
and before and after 5 days has been made. As a result of the study
carried out, it is seen that TEC maps produced from GIM TEC
maps from Global TEC maps give exactly the same results with
TEC maps produced regionally.
Keywords
positioning

E

–
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GIM-TEC,

RIM-TEC,

Ionization increases as it reaches the upper layers of the
ionosphere. According to the ionosphere layer altitude; the
layers can be listed as follows;
x Layer D (50-90 km),
x Layer E (90-140 km),
x Layer F1 (140-240 km),
x Layer F2 (240-500 km) ùHNLO 

precision,

I. INTRODUCTION

arth's atmosphere consists of various gases and small
particles. The atmosphere can be roughly defined as the
region up to 1000 km above sea level. 99% of the
atmospheric mass is below 30 km altitude [1], beyond 80 km
altitude, the atmosphere contains ionized molecules and free
electrons.
The ionosphere, which is located between 60 and 1100 km
from the earth, is defined as the layer of atmosphere that
surrounds the earth and is formed by gases ionized by solar rays
[2-4]. Most of the ionosphere consists of neutral gases. Ionized
gases are mostly formed as a result of ionization by short wave
(ultraviolet and X-radiation) rays from the sun. The refractive
index of the ionosphere, which changes according to the
position, is the function of the carrier frequency for GNSS
signals [4]. In general, the ionosphere can be shown changes
according to geomagnetic location, geomagnetic activity, solar
activity, number of sunspots, seasonality, local time, nuclear
explosions, strong lightning and violent storms, ballistic missile
flights and altitude [5-8].
The amount of ionization in the ionosphere layer is not
similar in every region of the ionosphere layer. This situation
can be explained by the fact that the energy carried by solar
radiation is not the same in every region of the atmosphere.

E-ISBN: 978-625-44427-4-2

Figure 1. Sections of the ionosphere layer [9]
The ionosphere, or its parameter, TEC (Total Elecktron
Content) on the signal pathway, differs depending on the
number of free electrons. The number of free electrons depends
on factors such as climatic conditions, time, geographic
latitude, sun and geomagnetic change [10]. These changes in
the ionosphere layer can be examined in two main sections as
regular and irregular gradients.
Daily maximum and minimum changes in TEC can be given
as an example to regular gradients. After all, there are gradients
that depend on local time. Another example of regular gradients
is the ionosphere changes occurring in the north-south and eastwest directions [11]. Irregular gradients are traveling
ionospheric disturbing effects [12].
The informations related to the ionosphere can be accessed
in detail with the help of numerous GNSS observation stations
which are located around the earth and GNSS satellites. Since
the ionosphere is a scattering environment, TEC values can be
determined with the help of L1 and L2 carrier signals sent from
GNSS satellites. TEC values contain information about the
global or regional ionosphere structure [13-14]
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The Local (regional) TEC map is obtained by applying
Taylor expansion to the linear combination of L4, which is the
difference of the phase measurements (L1, L2).
L4=L1-L2

(1)

The regional Taylor expansion has been fall short of
modeling the global ionosphere effects. Spherical harmonic
expansion is used for this [15-16].
The point where the GNSS signal between the station and the
satellite cuts this infinitely thin layer is called the puncture point
of the ionosphere. The TEC value expressing the satellitereceiver path at the ionosphere puncture point is called STEC
(TEC in the slope direction), and the vertical projection of this
value is VTEC (TEC in the vertical direction). STEC values are
converted into VTEC (Vertical Total Electron Content) values
that define the electron activity in the vertical direction in order
to determine the total electron density in the ionosphere (Figure
2).
Conversion between STEC and VTEC values is achieved by
the reduction function.
sin( ) =
=

sin ( )
=

( )

(2)
(3)

In equations (2) - (3), MF: Mapping Function, RE denotes the
radius of the earth and H denotes the height from the earth face.

Figure 2. STEC and VTEC [17]
II. MATERIAL AND METHOD
Electron density and TEC changes of the ionosphere are
investigated with the help of ionospheric models. Ionospheric
models are divided into two as theoretical and experimental.
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Experimental models are models made with the help of a
computer program. The most commonly used software in
making these models are IRI, Bernese, Gamit-Globk and JPL.
In June 1998, the International GNSS service (IGS) started
an international project to calculate daily different global
ionosphere maps (GIMs) using GPS data. The institutions that
produce the global ionosphere TEC map in the world are named
the Ionosphere Associate Analysis Center (IAAC) and are listed
below [18-21]:
x CODE: The Centre for Orbit Determination in Europe,
Bern, Switzerland,
x DLR : Deutsches Zentrum für Luft- und Raumfahrt,
Germay,
x ESA: The European Space Agency, Darmstadt, Germany,
x JPL : Jet Propulsion Laboratory, Pasadena, CA, U.S.A.,
x NOAA : National Oceanic and Atmospheric
Administration, Silver Spring, U.S.A.,
x NRCan : Natural Resources Canada, Ottawa, Ontario,
Canada,
x ROB : Royal Observatory of Belgium, Brussels, Belgium,
x UNB : University of New Brunswick, Fredericton, N.B.,
Canada,
x UPC: Universitat Politècnica de Catalunya, Barcelona,
Spain
x WUT : Warsaw University of Technology, Warsaw,
Poland.
Global ionosphere map (GIM) is published in IONEX
(IONosphere map EXchange) format. Global ionosphere maps
in IONEX format are produced at 2-hour intervals in UTC time.
For TEC values, the increase in longitude is 5o and the increase
in latitude is 2.5o [11], [19]. The accuracy of TEC values
broadcast from IONEX format varies between 2-8 TECU.

A. Centre for Orbit Determination in Europe (CODE)
CODE Global Ionosphere Maps (GIM) produces TEC values
on a daily basis at 2-hour intervals using data from about 200
GPS stations of IGS and other institutions [22-23]. Vertical
Total Electron Content (VTEC) up to 15 degrees was modeled
using spherical harmonics expansion in the solar-geomagnetic
reference frame. For the calculation of TEC values, the earth is
considered to have a radius of 6371 km [21]. The Global
Ionosphere model in IONEX format produced in the CODE
analysis center is given in Figure 3.
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Figure 3.CODE Global Ionosphere Model

III. APPLICATION
In the study carried out, the effect of TEC values on point
coordinates was investigated by using TEC values obtained
from global maps and regionally produced TEC maps. While

investigating the effect of GIM and RIM TEC maps, the
solutions realized depending on the situation of geomagnetic
effects (Kp, Dst and F10.7 indexes) were taken into
consideration. For this purpose, AKSR, BOGZ, KAYS, KIRS,
NEVS and NIGD stations of CORS-Tr network, were used.
Informations about the stations are given in Table 1.

Figure 4. CORS-Tr stations used
PI
AKSR
BOGZ
KAYS
KIRS
NEVS
NIGD

latitude ( o)
38.37139886
39.19459561
38.70936915
39.16561511
38.61756646
37.95978564

Table 1. Information on the stations used
Longitude(o)
Ellipsoidal height (m)
33.99845065
963.1069
35.25537335
1066.2444
35.52472513
1097.5044
34.15578928
1022.5379
34.70323048
1250.6028
34.67971884
1209.2125

Among the selected days, it was determined that the F10.7, dst
and Kp indices were high on the 173rd day of 2015, the F.10.7
index was low on the 174th day of 2015, and only F10.7 index

E-ISBN: 978-625-44427-4-2

Receiver

Antenna

TRIMBLE
NETR5

TRM55971.00

was high on the 7th day of 2014, while the other indices were
low. The graphic display of the selected days is shown in Figure
5-7.
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Figure 5. Indices for the 7 days of 2014

Figure 6. Indices for the 173 days of 2015

Figure 7. Indices for the 174 days of 2015
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A. A. Production of Regional TEC Maps
PPP_DEMO.PCF automatic solution strategy of Bernese
v5.2 Scientific GNSS software was used to obtain regional TEC

values. In this context, the solution strategy for Bernese v5.2
Scientific GNSS software is shown in Figure 8.

Figure 8.PP_DEMO.PCF automatic solution module workflow
Changes in TEC values calculated by taking into account the
geomagnetic effects by using Global and Regional TEC maps
are shown in Figure 9-14..
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Figure 10.TEC values of Global TEC maps for the 173th day
of 2015

Hour of day

Figure 9.TEC values of Global TEC maps for the 7th day of
2014

In Figure 10, it moves similarly to the previous day, reaching
a minimum of 12.5 TECU and a maximum of 38.3 TECU
during the day.

As seen in Figure 9, TEC values reach the minimum level at
00:00 and the maximum level at 12:00. In addition, it reaches a
minimum of 7.9 TECU and a maximum of 26.3 TECU during
the day.
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Figure 11.TEC values of Global TEC maps for the 174th day
of 2015
In Figure 11, it moves similarly to the previous day, reaching
a minimum of 9.7 TECU and a maximum of 27.9 TECU during
the day. When Figure 9-11 is examined together, it is seen that
the TEC values reached the maximum levels on the 173rd day
of 2015 when geomagnetic effects were high.
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Figure 12.TEC values of RIM TEC maps for the 7th day of
2014
As seen in Figure 12, TEC values reach the minimum level at
00:00 and the maximum level at 12:00. In addition, it reaches a
minimum of 7.9 TECU and a maximum of 26.2 TECU during
the day.
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Figure 14.TEC values of RIM TEC maps for the 174th day
of 2015
In Figure 14, it moves similarly to the previous day, reaching
a minimum of 9.7 TECU and a maximum of 27.8 TECU during
the day. When Figures 11 and 14 is examined together, it is seen
that the TEC values reached the maximum levels on the 173rd
day of 2015 when solar activity, magnetic storm and solar
activity were high.
After calculating the regional TEC values for each day, the
Regional TEC values for each day were obtained by adding
solutions 5 days before and 5 days after the days of geomagnetic
effects. The IONEX file of each day was then converted to the
Bernese format for use in Double–Difference Network
Processing. The Double–Difference Network Processing for
each day was realized with the automatic solution module
RNX2SNX.PCF of Bernese v5.2 Scientific GNSS software. By
using the RNX2SNX.PCF automatic solution module, the
solutions for each day were analyzed with both TEC values
obtained from Global maps and TEC maps obtained regionally.
To determine the point location precisions,
=
=
=

(4)

With Equation (4), the difference of the coordinates from the
mean value is calculated. Then, with the help of the calculated
differences, the root mean square errors (rmse) in each axis
direction was calculated with equation (5).
=±

[

]

[

]

[

]
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Figure 13.TEC values of RIM TEC maps for the 173th day
of 2015

In Equation (5); n: number of measurements (1,2,3,…, 23),
,
,
; average coordinate of each station, , , ;
show the coordinates of each day.
Difference statistics calculated with the help of both Global
TEC maps and Regional TEC maps of each station are shown
in Table 2.

In Figure 13, it moves similarly to the previous day, reaching
a minimum of 12.5 TECU and a maximum of 38.3 TECU
during the day.
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Table 2.Difference statistics obtained from Global and
Regional TEC maps
Global maps

Regional Maps

ID
1.24
AKSR -2.47
1.83
BOGZ -3.75
1.04
KAYS -1.52
0.75
KIRS -1.85
0.91
NEVS -1.63
1.19
NIGD -1.89

0.57
-1.00
0.68
-2.51
0.74
-0.50
0.71
-0.73
0.79
-0.62
1.15
-0.64

1.18
-1.11
1.17
-2.43
1.33
-1.36
1.14
-1.03
1.28
-1.16
1.43
-1.31

1.24
-2.47
2.33
-2.55
1.04
-1.52
0.75
-1.85
0.91
-1.64
1.19
-1.89

0.57
-1.00
1.00
-0.88
0.74
-0.50
0.71
-0.73
0.75
-0.66
1.15
-0.64

1.18
-1.11
1.37
-2.23
1.33
-1.36
1.14
-1.03
1.16
-1.28
1.43
-1.31

Processing, are similar to the coordinates obtained by using
both Global TEC maps. When Table 2 has been examined, it is
seen that the difference statistics are similar.
After the difference statistics are determined, when Table 3,
which shows the rmse calculated based on the difference
statistics, is examined, it is seen that the rmse calculated in each
coordinate axis direction are almost exactly the same.
As a result of the study carried out, it is seen that TEC maps
produced from GIM TEC maps give exactly the same results
with the TEC maps produced regionally in selected region.
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of difference statistics belong to both Global TEC maps and
Regional TEC maps.
Table 3. The rmse obtained from Global and Regional TEC
maps
Regional maps
Global maps
ID

AKSR
BOGZ
KAYS
KIRS
NEVS
NIGD

1.13
1.68
0.92
0.75
0.87
1.06

0.35
0.73
0.29
0.30
0.32
0.41

0.60
0.79
0.79
0.50
0.69
0.69

1.13
1.63
0.92
0.75
0.87
1.06

0.35
0.65
0.29
0.30
0.32
0.41

0.60
0.78
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IV. CONCLUSION
In the study carried out, it is aimed to investigate the effect
of Global and Regional TEC maps on location accuracy. In this
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movements for the selected region.
After the regional TEC maps are obtained, it is seen that
coordinates,obtained via the Double–Difference Network

E-ISBN: 978-625-44427-4-2

[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]

Memarzadeh, Y , 2009, Ionospheric modeling for precise GNSS
applications, Ph D Thesis, Delft University of Technology, Netherlands
$UÕNDQ )  (URO &  YH $UÕNDQ 2   5HJXODUL]HG HVWLPDWLRQ RI
vertical total electron content from Global Positioning System data,
Journal of Geophysical Research: Space Physics, 108 (A12), 1469-1480
Turel, N , Aktas, E ve Arikan, F , 2007, TEC Statistics and Correlogram
Applications, Signal Processing and Communications Applications,
2007 SIU 2007 IEEE 15th, 1-4
$\VH]HQ 0  ù   7UNL\H øoLQ ,212/$%-7(& .XOODQÕODUDN *36
7DEDQOÕ7(ø9H$OÕFÕ<DQOÕOÕ÷Õ9HUL7DEDQÕ+D]ÕUODQPDVÕ<NVHNLisans
Tezi, Zonguldak Karaelmas Üniversitesi Fen Bilimleri Enstitüsü,
Zonguldak
Wild, U , 1994, Ionosphere and geodetic satellite systems: permanent
GPS tracking data for modelling and monitoring, Geod -Geophys Arb
Schweiz, Vol 48, 48
+DZDUH\0 YH$\DQ7 8]D\PHNL÷LWÕUPDQÕúÕGHSUHPYHI]H
IÕUODWÕOÕúÕQGDQND\QDNODQDQ 7(&GH÷LúLPOHULQLQ*36LOHEHOLUOHQPHVLø7h
Dergisi, 3 (2-3-4-5)
Namgaladze, A A , Zolotov, O V , Karpov, M I ve Romanovskaya, Y
V , 2012, Manifestations of the earthquake preparations in the ionosphere
total electron content variations, Natural Science, 4 (11), 848-855
Liu, M , Luo, G ve Wang, H , 2014, The 2013 Lushan earthquake in
China tests hazard assessments, Seismological Research Letters, 85 (1),
40-43
URL-1,2020,
Web
adresi
URL:
http://www idconline com/technical_references/pdfs/electronic_engineering/Day_and_
night_structure_of_ionosphere pdf (Ziyaret Tarihi 18 Mart 2020 )
Parkinson, B W ve Spilker, J J , 1996, Global Positioning System:
Theory and Applications, p
$UVODQ 1   *36 LOH ø\RQRVIHU 7RSODP (OHNWURQ <R÷XQOX÷X
'H÷LúLPOHULQLQ .RRUGLQDWODUD (WNLOHULQLQ $UDúWÕUÕOPDVÕ 'RNWRUD 7H]L
<ÕOGÕ]7HNQLNhQLYHUVLWHVL)HQ%LOLPOHUL(QVWLWVøVWDQEXO
Warnant, R , 2002, Atmospheric Perturbations on GNSS Signals and
Their Influence on Time Transfer, XXVIIth General Assembly of the
International Union of Radio Science, Maastricht, The Netherlands
Davies, K ve Hartmann, G , 1997, Studying The Ionosphere With The
Global Positioning System, Radio Science, 32 (4), 1695-1703
Fedrizzi, M , Langley, R B , Komjathy, A , Santos, M C , de Paula, E
R ve Kantor, I J , 2001, The Low-Latitude Ionosphere: Monitoring Its
Behavior With GPS, Proceedings of ION GPS, Salt Lake City, Utah,
USA
Schaer, S , Beutler, G , Mervart, L , Rothacher, M ve Wild, U , 1995,
Global and regional ionosphere models using the GPS double difference
phase observable, IGS Workshop on Special Topics and New Directions,
Germany
$WHú +  %   786$*$-$.7ø) *36 $÷ 9HULOHUL øOH %|OJHVHO
ø\RQRVIHULN0RGHOLQ2OXúWXUXOPDVÕ<NVHN/LVDQV7H]L*HE]H<NVHN
Teknoloji Enstitüsü Mühendislik Ve Fen Bilimleri Enstitüsü, Gebze
URL-2,2020, Web adresi URL : http://gnss be/ionosphere_tutorial php
(Ziyaret Tarihi 4 Nisan 2020 )
Feltens, J ve Schaer, S , 1998, IGS Products for the Ionosphere,
Proceedings of the 1998 IGS Analysis Center Workshop Darmstadt,
Germany
Orús Pérez, R , 2005, Contributions on the improvement, assessment and
application of the Global Ionospheric VTEC Maps computed with GPS
data, Ph D dissertation, Universitat Politècnica de Catalunya, Barcelona,
Spain

412

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________

[20] Orús Pérez, R , 2005, Contributions on the improvement, assessment and
application of the Global Ionospheric VTEC Maps computed with GPS
data, Ph D dissertation, Universitat Politècnica de Catalunya, Barcelona,
Spain
[21] %DúoLIWoL) øQDO& <ÕOGÕUÕPg ve Bülbül, S , 2017, Determination of
Regional TEC Values by GNSS Measurements, A Case Study: Central
Anatolia Sample, Turkey Surveying the world of tomorrow – From
digitalisation to augmented reality, FIG Working Week 2017
Helsinki/Finland
[22] Liu, Z , Skone, S , Gao, Y ve Komjathy, A , 2005, Ionospheric modeling
using GPS data, Gps Solutions, 9 (1), 63-66
[23] Todorova, S , Hobiger, T , Weber, R ve Schuh, H , 2003, Regional
Ionosphere Modelling With GPS and Comparison With other Techniques,
proceeding of: Proceedings of the Symposium" Modern Technologies,
Education and Professional Practice in the Globalizing World",
November, 06-07

E-ISBN: 978-625-44427-4-2

413

International Conference on Engineering Technologies (ICENTE'20)

Konya, Turkey, November 19-21, 2020

___________________________________________________________________________________________________________
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Landscape in terms of Landscape Planning
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Abstract. Adverse effects of rapidly developing technology and
environmental pressures created by improper use of land on
natural resources are among the important problems in the world
agenda. Roads are of great importance in terms of touristic,
cultural and socio-economic structure in developing countries.
Roads should be in harmony with the modern traffic and in an
order that can serve the needs without disturbing the natural
structure of the area they pass through. Road planning shoud be
made during the route selection phase, not after the construction
phase is completed and opened to traffic. During the road
construction phase, the project speed of the road, the route of the
road, parallelism, excavation and fillings and planting should be
complied with landscape planning principles. In this study, the
aforementioned criteria have been considered, and suggestions
have been made for the relationship between road and landscape.
Keywords: Landscape, Road Landscape, Highways planning,
Planting, Green road

I.INTRODUCTION
Situated in the category of developing countries, Turkey has
a high rate of population growth and urbanization. Especially in
the last 20 years, almost doubled number of urban population
in Turkey has led to the formation of dense residential areas.
Cities expanded in the north-south and east-west direction, and
settlements spread over large areas. In this process, the increase
in living standards, the expansion of industrial zones, the
increase in the importance people give to education and
cultural-artistic activities have led to an increase in
transportation needs [1].
Land transport has a 95% share in freight and passenger
transport all over the world. It is constantly widespread and has
become one of the most important construction investments.
The increase in the world population, the development of the
industry and the increase in the need for raw materials increase
the demand for roads. The roads can also be defined as all
of the structures built according to geometric standards in order
to bring the natural ground together and ensure that motor
vehicles move in safety, comfort and desired speed conditions
[2,3,4] Roads consists of traffic, ecology, recreation, culture,
education, etc. functions.
Roads are the places where the land use is the most intense
and the human impact is the highest. With the development of
the highways industry, increasing migration from rural to urban
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to work in production centers, housing, transportation,
commercial uses, fossil fuel consumption, deforestation, wrong
land use, pollution caused by greenhouse gases released into the
atmosphere, production and consumption pressures, these areas
becomes the areas where environmental problems are
concentrated. As a result of this, the decreasing green areas in
urban spaces break human-nature relations, which leads to the
emergence of increasing ecological problems in cities. These
problems show that in today's cities, urban development is left
to an uncontrolled development and change, and it lacks an
ecological basis. In order to help reduce these harmful effects,
it has been revealed that transportation areas should be planned
with the understanding of providing environmentally sensitive
urban development with vegetation on highways and roads.
According to Korku et al. (2017), green infrastructure, green
road, green wedge etc. systems are some of the studies done in
this direction.
Radial roads suitable for the Baroque style, with their fiverow trees, have passed from the cities and reached the
countryside. The roads with regular lines on both sides, called
"Allée", started with this period and the aforementioned style
[7,8]. In 19th century Europe, the road trees aimed to beautify
the landscape and prevent dust. Fruit trees were used for a long
time for this purpose [7,8,9]. Erosion control started on
highways in 1920-1930 [7,9,10]. In the world, the first
examples of highway landscape planning studies started in the
1930s. Landscape architects and forest engineers examined the
possibilities of using vine logs and shrubs in order to prevent
erosion that occurred on highways during these years [9,10].
The first study on highway landscape planning in our country
is Saatçioğlu's (1960) study, which examines the silvicultural
and aesthetic features of roadside trees. Later, Akdoğan (1967)
determined the features and principles of Ankara-Istanbul
highway landscape planning [10]. Tanrıverdi (1975) also has a
study on highway afforestation [14].
II HIGHWAYS PLANNING AND DESIGN PRINCIPLES
Project/Design speed of the road
The road is a strip of land open to public use for all kinds of
vehicles and pedestrians. It is desirable that a road be safe, fast,
comfortable and convenient throughout its service life. A road
with these features is realized by applying fundamental
engineering criteria in planning, design, construction and
maintenance - repair - renewal stages. The most important
factor in choosing the geometric standards of a road is the
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project speed and the road class. The road class is determined
according to the amount of traffic that will use the road, the type
of traffic and the topographic characteristics of the land. In
addition, the condition of the ground, climatic conditions, land
use pattern and above all, economic possibilities are effective
in choosing road standards [15]. Standards such as project
speed, lane width, shoulder width, platform width are
determined according to these service levels.
In the project specifications of the Ministry of Agriculture
and Forestry, it is stated that the lane width in rural roads should
be between 2.5 - 3.5 meters depending on the class of the road
and the project speed. The roads will be designed to serve the
parcels both sided in some places or unilaterally in others.
According to the standards of our project determined by
considering the average daily traffic amount, road class and
project speed; The roads that will be parallel to the evacuation
channels will have a platform width of 6 meters, blind roads 4
meters, and all other roads 7 meters. In particular, in order to
prevent traffic accidents, loss of life and property and to ensure
road safety, these criteria will be taken into account when
planning in-field roads in the project area. [16].
A. The Route of the Road
The purpose of speedways is to create a fast and secure link
between countries, industry and trade centers or cities.
However, experiments have shown that the safest distance
between two points is not straight lines. A road with gentle
curves helps to keep the driver awake, enjoy the view and
provide good visibility in both directions. In their study by Koç
and Şahin (1999), the conditions deemed necessary for the route
are listed below as:

The horizontal curve in a curved section of the road
and the vertical curve should be in harmony in length,

Combination of short curves and lines should be
avoided, curves in the same direction should not be connected
with lines

Additional slopes of more than 1% on the general
slope make the view ugly

Correct road sections should be gradually,
transitioning between curves
It is appropriate to give the route (S) curves in relation to the
vertical curves.
B Parallelism
Parallelism is a view that emerges from the parallel
formation of the road, refuge and expropriation border lines.
Parallelism is most effective in applications of roads with high
geometric standards in rough terrain. Especially in
contradiction with the size of the local landscape, when a
highway is passed through a miniature scale nature, the road
becomes an obvious and ugly trail due to parallelism.
Parallelism can be avoided by expanding the expropriation
boundaries from time to time on the highways, by changing the
width of the central refuge 12, by making changes between the
levels of the round-trip road or by considering the departure and
arrival routes separately, thus establishing a more ideal
connection between nature and the road [18,19].
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C Excavation and filling
Very steep cuts and slopes always present a risk of sliding
in rainy months. Retaining walls are generally made of concrete
to prevent sliding. However, walls often cannot prevent erosion
completely [10]. The vegetation in the excavation and filling
slopes formed with very steep slopes makes it difficult to hold
the top soil in terms of erosion control due to the steepness, and
the deviations from planting techniques during planting and the
disadvantages that make adequate maintenance difficult.
Excavation and fill slopes should be created with a slope of at
least 1/3, if possible, with a slope of 1/4 [20].
D. Preparation of Highway Landscape Plans
It is necessary to prepare a plantation plan in order to
determine the locations of trees and shrubs in afforestation of
the highway route, to make cost calculations and to make a
correct application. The highway must comply with the
character of the landscape in which the landscape facilities are
located, the location of the landscape, the road type and traffic
rules.

Duties and functions of road trees and bushes:

Plant materials to be used in road afforestation are
examined in 4 different groups.
a. Duties in terms of construction technique:
Stabilization of the soil
Preventing landslides
Snow fence
Trench against avalanche, rock and stone falling
b. Duties in terms of traffic technique:
Good visibility of the road
c. Cover against headlights
Preventing or mitigating accidents and mistakes
Windbreak
Hiding objects that want to be left out of sight
d. Duties in the Landscape:
Creating a green environment again
Connecting different landscape units on the route
Merge, alter and create a new landscape area
e. Biological functions
Conserving wildlife
Providing flora for bees
Small microclimate formation
E. Considerations in Highways Planning
Inclusion of existing trees and shrubs in the plan
Previously developed trees and shrubs in the landscape
should be used as much as possible. It should be ensured
that the existing plants during road construction are not
damaged.
Passing road routes through the forest area:
The road passing by contacting the forest
Crossing the road by partially cutting the forest
Passing the road directly through the forest
Road elevation
Free placement of groups
Signal-effective tree planting
Central refuge
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Special cases for roads passing through forest areas:
Trees falling on the road with the effect of wind
Burn due to sun,
Frozen road
F Planting
The afforestation to be made on the road route is a complex
issue that concerns the landscape through which the road passes
in one respect, and the road itself, with transportation safety and
driving pleasure [17].
Functions of road trees: Between the years 1890-1900,
when the automobile began to be seen on the highways in the
USA, forestation was carried out to prevent the dust of the roads
and to provide shade in hot regions. The functions of vegetation
in terms of traffic technique in the transport system on
highways are listed as follows:

Road afforestation and functions

Avoiding headlights: Generally in the middle refuges
of the roads, if the road passes through a flat area, a 2.5m high
refuge afforestation will provide protection. On the road that
passes through the valley pit, a higher mass of green area is
required (Figure 1).

the driver and passengers from the irritating effect of sunlight
with vegetation (Figure 2) [22].

Figure 2. Design suggestion for road accident prevention [22].
Creating wind and snow cover:

Plant covers to be formed to protect highways from
wind should be positioned perpendicular to the wind direction
and parallel to the leveling curves. Plant covers for snow should
be installed 20-25m away from the road. Care should be taken
that these plant covers do not block the landscape beauties that
fall within the field of view from the road.

Considering the problems of salt application in areas
where there is a danger of snow and icing, salt-resistant plant
species should be brought in these sections (Figure 3) [23].


Figure 3. Wind cut plant design [21]
Signalization (optical routing)
In undulating terrain with limited visibility, the driver will
be warned by the appropriate afforestation method, for example
the road route after a ramp (Figure 4).

Figure 1.Hedge Plants in road [21].
Preventing or mitigating accidents
It is ensured that the harmful effects of the headlight lights
of the vehicles coming from the opposite lane are prevented by
planting the bends in divided roads. Similar methods are used
to prevent the residents living around the road from being
disturbed. Existing bends can be highlighted with vegetation
from the hill where the slope ends, to ensure the road
understanding by the driver. In addition, it is possible to protect
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Figure 4. Divided refuge strip on a highway in Huizhou [24].
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III CONCLUSION AND SUGGESTIONS
In our country, where a large part of passenger and freight
transportation is carried out by road, large shares are allocated
from the budget for the construction and maintenance of roads.
For this reason, in order not to disturb the ecology, the road
constructions should be carried out where the road and the
environment harmony are provided in the best way. With this
study, it is aimed that highways are accepted as an important
element of the landscape and in this context, the visual values
of a highway environment are planned in a way that allows road
users to make a safe and enjoyable journey. In addition,
highway landscape planning should be handled from the
routing stage, not after the road is opened to traffic.
From the stage of route determination and project planning,
highways need the coordinated work of road engineers, city and
regional planners, traffic engineers and landscape architects. In
this process, the goal should be to provide the driver and
passengers with a comfortable and safe journey with as little
damage to nature as possible. In order to achieve this, plant
material, which is separated from other materials with its
effective functions in terms of engineering, traffic safety,
ecological, visual and aesthetic aspects, should be used
frequently on our highways.
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