International Conference on lCENTE,23
Engineering Technologies

November 23-25, 2023 Konya, Turkey

SELCUK UNIVERSITY!
FACULTY OF TECHNOLOGY

International Conference on
Engineering Technologies

7t International Conference, ICENTE
Konya, Turkey, November 23-25, 2023

Proceedings Book

Editor
Sakir TASDEMIR

International Conference on Engineering Technologies, ICENTE’23
Konya, Turkey, November 23-25, 2023



International Conference on Engineering Technologies (ICENTE’23) i

7™M INTERNATIONAL CONFERENCE ON
ENGINEERING TECHNOLOGIES

23-25 NOVEMBER 2023

Editor
Sakir TASDEMIR

Her hakki sakhdir. Bu kitabin tamami ya da bir kismi yazarlarinin izni olmaksizin, elektronik, mekanik, fotokopi
ya da herhangi bir kayit sistemi ile cogaltilamaz, yayinlanamaz depolanamaz. Bu kitapta yayinlanan tiim yazi ve
gorsellerin her tirli sorumlulugu yazarlarina aittir.

All rights of this book are reserved. All or any part of this book cannot be published, stored, printed, filmed or
used indirectly without the permission of the authors. It cannot be reproduced by photocopy or any other
technique. All responsibility of all texts and visuals published in the book belongs to the author(s).

EBOOK ISBN: 978-975-448-240-9

E-ISBN: 978-975-448-240-9 November 23-25, 2023, Konya, TURKEY



iii International Conference on Engineering Technologies (ICENTE’23)

EDITOR

Prof. Dr. Sakir TASDEMIR

Selcuk University, Turkey

Depertmant of Computer Engineering, Faculty of Technology
Alaeddin Keykubat Campus, 42031, Konya, TURKEY
stasdemir@selcuk.edu.tr

E-ISBN: 978-975-448-240-9 November 23-25, 2023, Konya, TURKEY



International Conference on Engineering Technologies (ICENTE’23) iv

PREFACE
International Conference on Engineering Technologies (ICENTE'23) was organized in Konya, Turkey on
23-25 November 2023.

The main objective of ICENTE’23 is to present the latest research and results of scientists related to
Biomedical, Computer, Electrics & Electronics, Mechanical, Mechatronics, Metallurgy & Materials and Civil
Engineering fields. This conference provides opportunities for the delegates from different areas in order to
exchange new ideas and application experiences, to establish business or research relations and to find global

partners for future collaborations.

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

following journals:
« Artificial Intelligence Studies (AIS)
» Gazi Journal of Engineering Sciences (GJES)
« International Journal of Applied Mathematics, Electronics and Computers (IJAMEC)
* International Journal of Automotive Engineering and Technologies (IJAET)
« International Journal of Energy Applications and Technology (IJEAT)
* MANAS Journal of Engineering (MJEN)
» New Trends in Computer Sciences
* Open Journal of Nano (OJN)
» Selcuk University Journal of Engineering Sciences (SUJES)
« Intelligent Methods in Engineering Sciences (IMIENS)

At this conference, there are 177 paper submissions. Each paper proposal was evaluated by two reviewers.
and finally, 115 papers were presented at the conference from 6 different countries with 58 local and foreign

universities and organizations participating,

In particular, we would like to thank Prof. Dr. Metin AKSQY, Rector of Selcuk University, conference
scientific committee, session chairs, invited speakers, referees, technical team, participants, and all our colleagues
who have contributed. They have made a crucial contribution to the success of this conference. Our thanks also
go to our colleagues in our conference office.

Prof. Dr. Sakir TASDEMIR
Editor
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Using MATLAB Toolboxes in Biomedical
Image Processing

Y. NUHOGLU?, Y. ADWAN? AND A. ATASOY?

! Karadeniz Technical University, Trabzon/Turkey, yasinnuhoglu@odu.edu.tr
2Karadeniz Technical University, Trabzon/Turkey, monder1999@windowslive.com
3Karadeniz Technical University, Trabzon/Turkey, ayten@ktu.edu.tr

Abstract - MATLAB and the Computer Vision Toolbox
provision a large range of improved image processing functions
and correlative tools for developing and to investigate digital
images. Correlative tools enable morphological operations for
instance spatial image transformations, edge find and noise
elimination, related area processing, filtering, FFT, DCT
fundamental statistics, graph fitting and Radon Transform to be
performed. Making graphic objects semi-transparent is a
convenient technique in 3D visualization that provides more
knowledge about the spatial intercourses of diverse constructions.
The toolbox functions applied in MATLAB have also been used
to improve customized algorithms.

Keywords - MATLAB, biomedical image processing, toolbox.

. INTRODUCTION

Technological advances in biomedical imaging over the
past centenary have formed unprecedented chances for
diagnosis, without requiring any contact, and have established
biomedical imaging as an integral part of healthcare systems
nowadays. One of the most important zones of invention
symbolizing these developments is the interdisciplinary area
of biomedical image processing. Biomedical image processing
is a highly complex, interdisciplinary area that involves
countless scientific disciplines, from computer science and
mathematics to medicine and physics. This area of fast
improving deals with a multitude of processes, from crude
data collection to numerical image communication, which
supports the entire data flux in new biomedical imaging
systems. Today, these systems present progressively higher
decisions in spatial and density sizes, besides faster acquiring
times, bring about a large quantity of superior-quality crude
image data that should be agreeably processed and interpreted
to reach right diagnostic conclusions [1].

Biomedical image processing includes the use and research
of 3D image datasets of the human body, most frequently
obtained from a Computed Tomography (CT) or Magnetic
Resonance Imaging (MRI) scanner, for research purposes or to
lead medical interpositions like diagnosing pathologies or
planning surgery. Biomedical image processing is performed
by radiologists, engineers, and clinicians to better understand
the anatomy of individual sufferers or population groups. The
basic utility of biomedical image processing is that it allows
the internal anatomy to be investigated in depth and in a way

E-1ISBN: 978-975-448-240-9

that does not disturb its integrity. 3D models of anatomies of
relevance can be invented and studied to develop cure results
for the sufferer, improve advanced medical devices and
medicament delivery systems, or obtain more notified
diagnoses. In recent years, it has become one of the main tools
used for medical advances. The ever-improving imaging
quality, combined with advanced software tools, facilitates
accurate digital reproduction of anatomical structures at
various scales, as well as greatly varying features, including
bone and soft tissues [2].

MATLAB is an up-level technical tongue and correlative
circumference for data analysis and mathematical
computational functions like signal processing, optimization,
fractional differential equation solving, etc. It makes
correlative tools including threshold, interaction, fourier
analysis, filtering, fundamental statistics, graph fitting, matrix
analysis, 2D and 3D drawing functions. It allows image
manipulation operations, noise reduction and image
enhancement, image transformations, color map orientation,
color space transformations, region of interest processing, and
geometric operations to be performed [3]. Toolbox functions
applied in the MATLAB tongue can be used to improve
customized algorithms [4].

1. MATLAB TOOLBOXES USED IN BIOMEDICAL
IMAGE PROCESSING

The biomedical imaging toolbox provisions applications,
functions, and workflows for designing and testing diagnostic
imaging practices. It performs 3D processing and visualization
of radiology images, multimodal recording, and segmentation
and labeling. The toolbox allows training of predefined deep
learning networks (with the Deep Learning Toolbox). It can
import, pre-process, and analyze radiology images from a
variety of imaging modalities, including projected X-ray
imaging, computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound, and nuclear medicine (PET,
SPECT). The Medical Image Labeler application allows semi-
automatic 2D and 3D labeling for use in artificial intelligence
workflows. Multimodal recordings of medical images,
including 2D images, 3D surfaces, and 3D volumes, can be
performed. The toolbox provisions an integrated medium for
head-to-head computer-aided diagnostics and medical image
analysis.

November 23-25, 2023, Konya, TURKEY
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A. Important Toolbox Functions in Biomedical Imaging

= medicallmage: The 2-D biomedical image shows
pixel data and file metadata.

= extractFrame: Extracts pixel data for a frame of a
series of 2D biomedical images.

= montage: It displays medical image sections or
frames as montages in sufferer harmonizes.

= implay: Displays a series of 2D medical images in
the Video Viewer application.

= medicalVolume: The 3D medical image shows
voxel data and spatial reference knowledge.

= extractSlice: Extracts voxels and spatial details
for a cross-section medical volume.

= replaceSlice: A cross-section acts as a change in
voxel values for the medical volume.

= resample: Resamples the volume of the medical
image in different sufferer harmonize systems.

= sliceCorners: It extracts the harmonizes of the
corner voxels for a slice of medicinal volume.

= sliceLimits: Extracts the X-, Y-, Z-limits for a
cross-section medical volume.

= sliceViewer: Browse slices of the medical image
volume in sufferer harmonizes.

= volshow: Performs imaging in
harmonizes of the medical volume.

= isnrrd: Checks if the file is a valid NRRD file.

= nrrdinfo: It reads metadata from the NRRD file.

= nrrdread: It reads image data and metadata from
the NRRD file.

sufferer

B. 3D Medical Image Volumes: Import and Spatial
Referencing Definition

The medicalVolume object transposes volumetric image data
from the NIfTI, DICOM and NRRD file formats. The
medical\VVolume object stores pixel data and spatial reference
information for an image. By using medicalVolume's
properties and object functions, pixel data, spatial reference
and density scaling information can be accessed for the
associated image volume. For example, using the extractSlice
function, an image section can be extracted in coronal,
sagittal, or transverse anatomical planes.

The medicalref3d object describes spatial references for the
3D medical image volume. The medicalref3d object defines
the mapping among the internal image harmonize system, the
patient harmonize system, and the left/right, anterior/posterior,
inferior/upward anatomical axes.

C. 2D Medical Images and Image Series: Importing and
Extracting Frames

The medicallmage object imports image data from DICOM
files that contain a time-related 2D image or a series of 2D
images. By using the medicallmage object, it is possible to
access pixel data and metadata attributes such as pixel pitch
(in millimeters), frame times, and image window values. A
frame of an image time series is extracted using the
extractFrame object function.

E-1ISBN: 978-975-448-240-9

D. Pre-Processing and Augmentation Processes for Noise
Removal and Random Increments Application Process in
Medical Image Data

To reduce speckle noise, the specklefilt function is used in 2D
images such as ultrasound data. This function reduces noise
using the speckle-reducing anisotropic diffusion (SRAD)
algorithm.

The jitterIntensity function is used to randomly adjust the
intensity of grayscale images and image volumes. This
function changes the intensity of the images by making
random increases.

I1l. METHOD

A. Code to Download Image Volume Data

The sample code in Figure 1 uses a chest CT volume saved as
an index. The volume is part of a data set that includes a three-
dimensional CT scan.

Kod

zipFile=matlab. internal.
tFile("me " Me

fileparts

filepath =

unzip(zipFile,filepath)

Figure 1: A sample image volume data download code

B. Image Reading

The medicalVolume object retrieves data from the DICOM,
NIfTI, and NRRD medical image file formats. DICOM
volumes can be stored as a only file or as a directory to
comprise separate files for each 2D section. The
medicalVolume object spontaneously defines the file format
and extracts image data, spatial knowledge, and modality from
the file metadata. In the following code, the data source is
determined to be the download directory of the chest CT scan.
medVol = medicalVVolume(dataFolder)

The VolumeGeometry feature comprises the medicalref3d
object, which describes the spatial referencing for the image
volume. This referencing involves the mapping among the
internal and sufferer harmonize systems. The main harmonize
system is defined by the columns, rows and slices of the VVoxel
sequence and has coordinates in voxel units. Voxel units
represent the volumetric characteristics of the image. The
patient harmonize system, on the other hand, is defined in
terms of the patient's anatomical axes and is expressed in real-
world units (e.g., millimeters). This harmonize system is used
to determine the anatomical position of the image.
R = medVol.VolumeGeometry

C. 2D Visualization

When the code sliceViewer(medVol) title('CT Volume,
Transverse Slices') is written into MATLAB, a 2D image
appears. The example in Figure 2 is a 2D image that can be
viewed from several places by changing the coordinates.

November 23-25, 2023, Konya, TURKEY



3 International Conference on Engineering Technologies (ICENTE' 23)

IV. VESSEL SEGMENTATION PROCESS BY
CLASSIFICATION OF EIGENVALUES USING
BIOMEDICAL IMAGING TOOLBOX

1) First, an image (angijpg) and its labels
(angi_label.bmp) to be used as the training data set were
loaded.

2) Eigenvalue calculation was made using the
vesselness2D function. This step is used to extract features
from the image. Feature vectors were created.

3) The training data is organized as feature vectors (X)
and labels (). In this step, labels corresponding to each
feature vector were determined.

4) The K-NN model was created and trained. Using the
D. 3D Visualization fitcknn function, a KNN model was created on feature
vectors and labels.

5) The image (angio_test.jpg) to be used as test data has
been uploaded.

6) Eigenvalue calculations were made on the test data and
feature vectors were created.

7) Segmentation was made using the KNN model. The
predict function makes predictions using the feature
vectors of the test data. It took about 10 minutes to train
the model.

Figure 2: An example 2D scene

It represents the CT volume as a 3D object using the volshow
function. The volshow function sets the conversion property of
the volume object using the spatial details in medVol and
displays the volume in the patients harmonize system. The
volume image is customized by adjusting the features of the
volume object. A special transparency map and color map are
determined, highlighting the rib cage. Alpha and color values
were determined based on the CT-bone rendering style in the
biomedical image labeler application. Density values were
adjusted for this volume by trial and error.

Figure 3: An example code for using the volshow function in 3D
rendering

Figure 6: Training image (anjiyo_test.jpg)(left) and labels
(anjiyo_label.bmp)(right)

V. CONCLUSION

Segmentation results have been reshaped based on image
sizes (size(testData, 1), size(testData, 2),[]). The original
image and segmentation result are shown side by side using
the imshow and subplot functions.

Figure 4: An example 3D image

E. Writing (saving) processed data to a new NIfTI file ot Gt

By writing the processed image data to a new NIfTI file using
the write object function, this function only aids writing
medical volume data in the NIfTI file format [5].

Kod

niftiFilename = a1,
write(medVol,niftiFilename)

Figure 5: Code for writing (saving) processed data to a new NIfTI file
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Figure 7: Original image (left) and segmentation (right)

If we want to invert the colors, we can add to our code;
segmentation(segmentation == 0) = 255;
segmentation(segmentation == 1) = 0;

We add these two functions to our code and the white places
are converted to black.

Segmentasyon ($yah-Beyaa)

Orfinal Gorimd

Figure 8: Original image (left) and segmentation (black and white)
(right)

Using the biomedical imaging toolbox, the eigenvalues
(single or multi-resolution) calculated on the image were
trained with a classifier (k-NN, SVM, Neural Network, Bayes,
LDA, etc.) using the training image (angiography.jpg) and
labels (anjiyo_label.bmp) and segmentation of the vessel area
of interest.

MATLAB provides functions and correlative tools for
improving and to investigate digital images and advance
image processing algorithms. MATLAB visualization tools
allow the knowledge included in X-ray and CT image data to
be represented owing to histograms, pixel zones, transparent
covering, and tissue-mapped images to surfaces [6].
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Abstract - This study aimed to detect skin lesions and determine
the lesion area using images taken by the dermatoscopy device,
widely used by experts in skin cancer imaging. For this purpose,
first of all, the hairs on the skin were removed with the Frangi
filter based on the fast marsh method, and then the lesion area was
determined by graph cut and snake segmentation methods. The
segmentation results were compared with the binary ground truth
images over five metrics. Simulation results showed that both
graph cut and snake algorithms provided successful results in skin
lesion segmentation. However, the snake algorithm provided a
superior performance with approximately 92% accuracy, 99%
sensitivity, 89% specificity, 78% Jaccard index (J1) and 87% Dice
coefficient values.

Keywords - Skin cancer, segmentation, Graph cut, Snake
algorithm.

I. INTRODUCTION

SKIN cancer can be defined as the uncontrolled growth of
abnormal cells caused by exposure to ultraviolet rays from
the sun [1]. Light skin color, sunburn, genetic background, and
weak immunity are other risk factors that contribute to skin
cancer formation. The most common types of skin cancer are
Basal Cell Carcinoma (BCC), Squamous Cell Carcinoma
(SCC), melanoma, and Merkel Cell Carcinoma (MCC). The
most dangerous of these is melanoma [2]. In 2020, according to
data from the International Agency for Research on Cancer
(IARC), an estimated 19.3 million new cancer cases (18.1
million excluding non-melanoma skin cancer) were detected
worldwide. In 2020, there were approximately 10 million
cancer deaths (9.9 million excluding non-melanoma skin
cancer). The incidence of skin cancer is about two times higher
in men than in women. Although the incidence of melanoma-
type skin cancer is low, it is one of the leading causes of death
in skin cancer cases [3].

Manual detection of skin cancer by an expert is a time-
consuming process. In addition, differences in interpretation
between experts affect the accuracy of diagnosis. Software-
based decision support systems for skin cancer diagnosis are
being developed to reduce time loss and increase diagnostic
accuracy. Some of the most recent studies can be summarized
as follows.
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The study by Nagayalanka and Ghanta aims to classify skin
cancer into three categories: benign, malignant, and normal,
using dermoscopic images. In the study, the Fuzzy C-Means
(FCM) algorithm was used for segmentation. Features were
extracted from the segmented images using Local Vector
Pattern (LVP) and Local Binary Pattern (LBP) techniques. A
fuzzy Classifier (FC) was used to classify the LVP and LBP
features, and an accuracy of approximately 90% was obtained.
[4]. Ranpreet et al. used an end-to-end atrous spatial pyramid
pool-based Convolutional Neural Network (CNN) as a novel
approach for automatic lesion segmentation in open-access
dermoscopic images. Accuracy, Jaccard Index (JI), and
boundary F1 contour matching index (BF-Score) metrics were
calculated to evaluate the segmentation process. Promising
results were obtained in the study [5]. In [6], Cascade
Knowledge Diffusion Network (CKDNet) was used for skin
cancer segmentation and classification. Two new complexity
modules, Entangle-Cls and Entangle-Seg, were created.
Accuracy, precision, JI, and Dice coefficient metrics were used
to evaluate the segmentation results. In the study, an accuracy
rate of approximately 93% was achieved. Liu et al. applied
noise reduction, segmentation, morphology, feature extraction,
feature selection, and classification algorithms to images from
open-access databases. The Otsu thresholding method was used
in the segmentation step. Twenty different features were
extracted from the images with lesion areas, and feature
selection was performed using the Thermal Exchange
Optimization Algorithm (TEOA). The extracted features were
classified using Support Vector Machines (SVM) [7]. In
another study, four basic steps were followed. In the first step,
noise reduction and contrast enhancement were applied to
open-access dermoscopic images.

After these processes, the Kernel-Based Fuzzy C-Means
(KFCM) segmentation method was used to identify the region
of interest. Accuracy, precision, and sensitivity criteria were
used to compare the segmentation result with the manually
segmented image. A feature extraction and selection step based
on the Improved Neural Network Algorithm (INNA) was
performed, and SVM classification was performed in the last
step. The study provided a superior performance compared to
the methods it was compared with [8]. Adekanmi et al. created
images with the same scale and resolution by cropping and
resizing from open-access skin cancer images and performed
image normalization with the pixel mean value and standard
deviation of the obtained images. After this step, which can be
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considered as a pre-processing step, skin cancer was detected
using probabilistic deep networks. In the presented study, an
accuracy of 97% was achieved [9]. Finally, in the study
presented in [10], melanoma skin cancer images from an open-
access database were segmented with U-net, a deep learning-
based convolutional neural network model. The maximum
accuracy value obtained with a post-processing step applied at
the output of the deep network is just over 96%.

A general review of the literature shows that dermatoscope
images from PH2, ISBI, ISIC, DermlS, DermQuest, DermNet,
and MED-NODE open databases are commonly used in studies
on skin cancer. The studies aim to determine the boundaries of
skin lesions in the most accurate way and/or to classify the
lesions according to their types. However, the determination of
lesion boundaries is a very challenging process, especially
when the lesion boundaries are not evident, when there are
hairs, blisters, or vascularization on the lesion, and when there
is an artifact in the image. Accurate detection and delineation
of skin lesions are critical in the diagnosis and treatment
process. In this study, skin lesion images from the open-access
database created by The International Skin Imaging
Collaboration (ISIC) were used. The study aims to detect skin
lesions in the images available in the database and to determine
the lesion area accurately, even in challenging situations. In
order to evaluate the performance of the proposed work,
accurate reference binary masks from the database and
automatic segmentation results are compared using five
different metrics.

The study is organized as follows. Section Il describes the
database and the methods used. Section 11 presents the results
of simulations to evaluate the performance of the proposed
methods. Finally, Section IV contains discussions and future
work.

Il. MATERIAL AND METHOD

In this section, the methods applied for the defined purpose
are explained. The flow of the proposed system is shown in
Figure 1.

A. Database

In this study, skin cancer images from the ISIC 2016 database
were used [11]. The database contains 900 dermoscopic lesion
images in JPEG format and two-level image masks in PNG
format.

B. Remove Hair

In dermoscopic images, the hairs on the lesion make it
challenging to determine lesion boundaries and to examine
tissue characteristics. In such cases, the performance of the
segmentation step is also degraded. Therefore, the first step in
the presented work is to remove the hair. For this purpose, the
Frangi filter and the Fast March Method (FMM) are used. In the
Frangi filter, the sigma value varies between 0.5-2.5 with a step
interval of 0.5. The input image resolution used in the Hessian
matrix calculation and the output image intensity value of the
filter are one, and the dark background is selected. FMM was
used to remove the hairy regions identified by the Frangi filter
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from the image. In FMM, an image smoothing estimator
gradually paints the inside of the region by filling in each pixel
starting from the boundary region. The FMM is calculated as a
weighted average over a small known neighborhood around the
pixels to be inpainted. When a hairy pixel is colored, the FMM
is used to move to the next closest pixel [12]. Since simulations
have shown that the FMM algorithm is faster and more efficient
than other methods, this method was preferred in this study.
Figure 2 (a) shows the original image, (b) the Frangi-filtered
image, and (c) the FMM-applied image.

Remove Hair

2
p g

4 Snake Algorithm -

-Accuracy
-Sensitivity
-Specificity
-Jaccard index
-Dice coefficient

Figure 1: Flow of the proposed system

| = (a) .
Figure 2: (a) Original image, (b) Frangi filtered image, (c)
FMM applied image
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C. Segmentation

The segmentation step aims to identify the lesion area with the
highest accuracy. For this purpose, two different segmentation
methods were used. These are the Graph Cut (GC) and Snake
(Snake) methods. Details of the methods are given below.

Graphical cutting algorithm: GC is an image segmentation
method based on graphical cuts. This method uses the Gaussian
Mixture Model (GMM) to estimate the color distribution of the
target object and the background, starting with a user-specified
boundary around the structure to be segmented. The GC
algorithm takes two inputs: a set of background pixels Tg and a
set of foreground pixels Te. Initially, Tg and T are selected by
drawing a boundary around the lesion of interest. Every pixel
outside this boundary is considered a background pixel, and
every pixel inside the boundary is considered a foreground
pixel. In this study, the boundary detection was done
automatically by selecting the upper left corner (0.1 x w, 0.1 x
h) and the lower right corner (0.9 x w, 0.9 x h). Here, w and h
are the width and height of the image, respectively. In some
dermoscopic images, the lesion area may extend to one of the
corners or edges. In these cases, the GC algorithm can consider
part of the lesion area as background.

Given the input image, the algorithm first labels foreground
and background pixels and develops two GMMs, one for
foreground and one for background, each containing five
Gaussians. The GC then constructs a weighted directed graph
where pixels in the image are considered as nodes. Two
additional nodes are added to the graph: a source node and a
sink node. Foreground pixels are connected to the source node,
while background pixels are connected to the sink node. The
weights (D) for the edges between the source or sink node and
the pixels are determined by the probability that a pixel is a
foreground or background pixel. Given a pixel vector z, in RGB
color space, a is the segmentation result of label vectors (0
represents the background and the foreground). € is the
histogram showing the pixel value distribution of the
foreground and background labels, and ki is an additional vector
that assigns a single GMM component to each pixel (either
from the background or foreground, depending on whether =0
or 1). Accordingly, the data term U for the color GMM model
is defined by (1):

U(a,k,0,2) = YXnD(atn, Ky, 0,2,) @

The weights of edges between pixels are assigned based on

pixel color similarity. If the difference in pixel color is huge,

the edge between these pixels will receive a low weight/cost.
The smoothness term V is given in (2).

V(@,2) = ¥ Zmmec dis(m,n) " [a, # ayle Flzml ()
Where C is the set of neighboring pixel pairs y and g fixed and
dis(.) is the Euclidean distance of neighboring pixels. Once V is
calculated, the graph is divided into two separate source and
sink nodes such that the minimum cost function (E) given by
(3) is satisfied. After splitting, pixels connected to the source
node are labeled as foreground, and pixels connected to the sink
node are labeled as background. The whole process continues
until the classification converges [12].

E(a,k,0,z) = U(a,k,0,z) + V(a,z) (3)
Snake algorithm: A contour extraction method based on the
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concept of active contours, which can be defined as energy-
minimizing curves. The snake model is a controlled continuum
curve under the influence of image forces. Image forces push
the snake towards salient image features, while internal energy
forces try to impose a piecewise regularity constraint. The
active contour geometry is a curve with an arc length as a
parameter. v(s) = (x(s), y(s)) is represented by the curve. The
energy equation for the contour is defined by (4),

1
Esnake = fo [Einternal(v(s)) + Eexternal(v(s))] ds (4)
Here, internal represents the internal energy of the contour due
to curvature or discontinuity, while external represents image
forces such as lines and edges. The internal energy is given in

(5).
Einternal = a(s)lv(s)|2 + ,B(S)|U55(S)|2 (5)

In the equation, the lower indices indicate the derivative
concerning s. The first-order continuity term will have larger
values when there is a gap in the curve, while the second-order
curvature term will be more extensive where the curve curves
rapidly. At a point a« and g values determine how much the
contour is allowed to stretch or curl at that point. At one point,
a discontinuity if the value is zero, g If the value is zero, a
corner can be formed. The external energy consists of the edge
strength of the image and is expressed by equation (6).

Eexternat = V|VGg * I(vn,k)l (6)

Here wvn,k is the current search position (n=0,...,N—1,
k=0,...,M-1). y is the energy rate constant, and Ehariciis an
empirically determined value by the Canny edge detector. o is
calculated with the value. The segmentation process is
completed by performing the specified number of iterations
[13].

I1l. RESULTS

The study aims to apply two different segmentation
algorithms to skin cancer images taken with a dermatoscopy to
determine the lesion area most accurately and thus to provide a
system that supports experts in the diagnosis phase. In the
study, the lesion is visualized more accurately, and the
performance of the segmentation step is improved by removing
the hairy parts before the segmentation step.

GC and snake algorithms were preferred in the segmentation
step. The reason for choosing these methods is that they can
provide successful results in region-based segmentation by
working with an automatically selected starting point. In this
way, there is no need for any intervention by the expert when
determining the lesion region.

In order to evaluate the performance of the proposed system,
the automatic segmentation results obtained by both methods
are compared with the real reference masks in the database
using five metrics. These metrics were determined after a
detailed literature analysis. The metrics used are accuracy
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(ACC), sensitivity (SN), specificity (SP), Jaccard index (JI),
and Dice coefficient. The equations for the metrics are given

below respectively.
TP+TN

ACC = (7
SN = TPT+PFN )
SP = FPT-:\”I"N (9)
Jl=—— (10)
Dice = 12:]]11 (11)

The equations TP, TN, FP, and FN represent true positive, true
negative, false positive, and false negative numbers,
respectively.

@ n-n @

Figure 3: (a) Original image, (b) Binary mask image, (c) GC
algorithm, and (d) Snake algorithm results.

Figure 3 (a) shows the original skin cancer image, (b) shows the
real reference binary mask image from the database, and (c) and
(d) shows the binary mask images resulting from the GC and
snake algorithms, respectively. The performances of the GC
and snake methods for the images from the ISIC 2016 database
are given in Table I. When the table is analyzed, it is seen that
the snake algorithm provides higher accuracy and precision
than the GC algorithm. In addition, the JI and Dice values,
which represent the overlap between manual and automatic
segmentation results, are closer to 1, the best value in the snake
algorithm.

Table 1: Performance Evaluation

Segmentasyon

Metrikler GC Snake

algorithm algorithm
ACC 0,9013 0,9231
SN 0,9385 0,9980
SP 0,9006 0,8948
JI 0,7297 0,7813
Dice 0,8226 0,8708

IV. DISCUSSIONS AND FUTURE WORK

In the proposed study, GC and snake algorithms are applied
to the images taken from the ISIC 2016 database after removing
the hairy parts to detect the skin lesion regions most accurately.
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The segmentation results were evaluated by determining the
five most commonly used metrics. The results showed that the
snake algorithm gave successful results.

Future studies aim to develop an end-to-end decision support
system by using open databases and skin lesion images obtained
within the scope of data usage permission. The decision support
system aims to provide experts with a non-invasive diagnosis
process from acquiring the skin lesion image until the report
stage.
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Scientific and Technical Research Council of Turkey
(TUBITAK) through The Research Support Programs
Directorate (ARDEB) with project number of 122E629.
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Abstract - This article shortly describes the structure of the
butterflies” wings scales, their variations and properties.
Experimental data obtained herein using an atomic force
microscope (AFM) instrument sheds some light on the
Coenonympha pamphilius scaly wing structure. Coenonympha
pamphilus is the smallest butterfly of Satyrinae subfamily and is
otherwise known as the ‘small heath’. The study of the
butterflies’ wings structure is important for
creation/improvement of photonic crystals which are commonly
used in the field of optoelectronics.

Keywords - Atomic force microscopy, butterflies’ wings,
Coenonympha pamphilius, scanning electron microscopy, surface
morphology.

l. INTRODUCTION

M ORE than 150 million years ago and to this day,
representatives of this order of insects live on our
planet. 160,000 species of butterflies are distributed from cold
tundras to hot deserts. Their life cycle is short (a few days),
but there are specimens of centenarians Brixton Butterfly that
can live up to 10 months. Butterfly wingspan varies from 3
mm to 30 cm (Thysania agrippina). These small insects can
reach speeds of 19-50 km/h in flight.

The scales of these insects are basically modified hairs that
underwent an evolutionary change, becoming shorter and
flatter. The scales have different colors, and their combination
creates a bizarre pattern. Recent studies of butterflies’
coloration have revealed many optical mechanisms that
greatly alter the composition of incident light and reflect
bright colors. Pigments are usually the main means of creating
color [1]. The fine structure of the scales often creates
structural coloration. For example, the bottom plate of the
flakes acts generally as a thin-film reflector [2,3]. The stacked
lamellas then act as optical multi-layers that create fascinating
blue-metallic reflections of the butterflies [4,5]. The physics of
wing coloration has been extensively studied and has proven
to be quite complex where angle-dependent iridescence is
involved due to the unique type of flattened scales [6]. The
complex coloration of the wings must be critical for visual
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signaling, but information on their vision is limited [7].

Butterfly wings are covered with scales of submicron sizes
arranged in regular rows across the wing in an overlapping
manner. Scales are either pigmentary or optical:

* Pigmentary scales contain pigment (dye), each scale
contains only one pigment. Melanin is produced by the
butterfly itself and gives the scales black and brown colors.
Multi-colored coloring can depend both on the distribution of
pigments in scales (pigment grains) and the temperature factor
affecting the pupae. It is obtained from substances that were
part of the caterpillar's diet.

* Optical flakes are cone-shaped traps for light. White light
is refracted in thin scales into individual colored rays of the
spectrum. Sunlight falling into a cone-shaped trap is partially
absorbed and reflected by it, there is no pigment in them.
There are instances where there are no scales on the wings at
all and in such case the wings seem completely transparent
(for example, the glasswing butterfly).

Scales are equally spaced grooves or pits that separate white
light into all its color components, but at a certain angle.
Weakening interference destroys all colors except for the
desired color, which is intense due to amplifying interference.
These flakes are called "submicrometer photonic structures"
because they can affect light waves. The deep black that
adorns the edges of the butterfly's wings is not the result of
black pigment, but of photonic structures that trap light [8].

Butterfly wing scale ultrastructures can take many forms,
often resulting in striking coloration in many butterflies due to
light interference. The multitude of color mechanisms is
amazing, but often only individual mechanisms are described
for specific animals. The intriguing use of order and disorder
in coupled photonic structures in butterfly wing scales could
inspire new optical materials as well as research to develop
these nanostructures in vivo [9].

Butterfly wings work wonders with light: from one angle
they look one way, and from another they look different.
Physicists from China and Malaysia have found that small
differences in the structure of the wings determine the variety
of their visible shades in various swallowtails. The results of
the study are published in the journal Optical Materials
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Express [10]. The wings of the swallowtail Blume (Papilio
blumei) are green when viewed from above, those of its
"cousin" P. peranthus are yellow-green, and those of the
sailboat Ulysses (P. ulysses) are turquoise. By measuring the
wavelengths reflected from the wing at different viewing
angles, the researchers found that the differences in the color
of the wings of butterflies are due to differences in the
structure - for example, P. ulysses has 7 cuticular layers, and
P. peranthus has 8. The cross section of the wings under the
scanning electron microscope shows that the cuticular layers
of cells with hard shells alternate with air layers, in which
cuticular cells also come across. In general, the flakes acquire
a crystalline structure, similar to that in a distributed Bragg
reflector - a multilayer “mirror” with a variable refractive
index [9]. The scanning electron microscopy (SEM) image of
P. blumei scale is given in Figure 1.

ERT= 100NV SgreAvhlen Drw 26 4e 005

FisoMo = 66T Tme 104413

am
Yag= BITKX bed W02 S

Figure 1: The scale of P. blumei consists of 7 cuticular layers [9].

Il. EXPERIMENTAL DATA

The topographic structure of the Coenonympha pamphilius
butterfly was observed using atomic force microscopy (AFM)
and the results are provided in Figure 2. For data acquisition,
an atomic force microscope NTEGRA (NT-MDT production)
was used for the surface topography study in semi contact
mode with phase imaging, with a Silicon cantilever NSG01
type cantilever, having the tip radius of curvature of 10 nm.
When the cantilever is vibrating, the effect of force gradients
affects its frequency shift and provides the possibility of non-
contact scanning measurement. When the vibrating tip
contacts the sample, it is affected to some degree by adhesive,

E-ISBN: 978-975-448-240-9

repulsive, and even capillary forces. The interaction between
the sample- and the tip then leads to a change in both
frequency and phase shift [10,11]. For example, sample
inhomogeneity leads to an inhomogeneous change in phase
shift (hence the name phase imaging mode). The resolution is
mainly affected by the material of the cantilever used for the
measurement, the size of the tip, and the speed of the scan.

O Power spectrum
— Linear fit

n
a

=)
o

log W

w

o
IIIIIIIIIIIIIIIHII|IIlIIlIlI|IIIIIIIII

TTT T T T T[T T T T T [T T T T T T[T T T T T[T T T T T [T T TTTTT
0 1 2 3 4 5 6

d log k
I):igure 2: AFM of the Coenonympha pamphilius wing scale: a) 3D
image 2x2 pm?; b) 3D image 5x5 pm?; ¢) 2D image 10x10 um?; d)
Power spectral density (PSD) graph from the c)-image.
According to AFM investigations, butterfly scales frequently
include complex nanostructures, such as ridges, grooves, and
nanoscale protrusions. These elements are essential for
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producing the vibrant hues and visual illusions seen in
butterfly wings.

Surface topography were quantified by measuring five
locations on regions of each sample. The basic properties of
the height values distribution of the surface samples were
computed according the Ref. [12] and is given in Table 1.
Statistical analyses were performed using the GraphPad InStat
version 3.20 computer software package (GraphPad, San
Diego, CA, USA).

Table 1: The basic properties of the height values for scanning square
areas of 10 pum x 10 um.

The basic properties of the | Sample p values *
height values distribution of values Values
the surface samples

Mean roughness (Sa) [um] 0.306+0.011 | 0.016
Rms roughness (Sq) [um] 0.391+0.014 | 0.021
Skew (SsK) [] 0.655+0.014 | 0.025
Kurtosis (Sku) [-] 0.540+0.012 | 0.022
Maximum peak height 2.231+0.043 | 0.011
(Sp) [um]

Maximum pit depth (Sv) 0.885+0.018 | 0.022
[um]

Maximum height (Sz) [um] 3.116+0.056 | 0.027
Inclination 6 [°] 0.840.1 0.012
Inclination ¢ [°] -66.58+0.8 0.014

* Statistically significant difference: p < 0.05.

In Fig. 3 is shown the height distribution function for a
scanning square area of 10 um x 10 pm (where p is the
corresponding quantity), computed as non-cumulative.

1'55 |—Height distribution
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Figure 3: The height distribution function for a scanning square
area of 10 um x 10 pm.

In Fig. 4 is shown the distribution of angles for a scanning
square area of 10 um x 10 um (where p is the corresponding
quantity), computed as non-cumulative.
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Figure 4: The distribution of angles for a scanning square area of 10
pmx 10 pm.

In Fig. 5 are shown the graphical representations of the
autocorrelation function (ACF), the height-height correlation
function (HHCF), the radial power spectral density function
(PSDF) based on the linear interpolation type, for samples of
fig. 1c, in vertical direction: a) ACF curve; b) HHCF curve; c)
radial PSDF curve.
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In Fig. 6 are shown the graphical representations of the
angular spectrum, and radial autocorrelation function, for
sample of fig. 1c,: a) angular spectrum curve; b) radial ACF
curve.
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Figure 6: a) The angular spectrum, b) Radial ACF curves for a
scanning square area of 10 um x 10 um.

Researchers can learn more about the processes underlying the
vivid colors and light manipulation in butterflies by studying
the topography of scales at the nanoscale. The intricacy of a
geometric design or pattern is described mathematically using
the idea of fractal dimension [13,14]. Fractal geometry can be
used to investigate the complicated patterns and structures that
are frequently found on butterfly wings. It is believed that the
fractal structure of butterfly wings contributes to a number of
biological functions, such as thermoregulation, mate choice,
and camouflage. Butterfly wings include intricate patterns and
structures that aid in body temperature regulation, blending
into their surroundings, and attracting mates. It's crucial to
remember that while the idea of fractal dimension offers a
numerical gauge of complexity, it doesn't encompass all facets
of the complex structures and patterns observed on butterfly
wings. These patterns are a product of genetic and
environmental influences, and they add to the overall appeal
and usefulness of these amazing insects.

In this paper, the nature and properties of butterflies’ wing
was briefly discussed. The experimental part consists of the
topographical study of the wings with the use of the AFM
method. AFM images revealed the intricate characteristics of
Coenonympha pamphilius wing scaly structure, and the
surface morphology highlighted the complex wing patterns as
well as their effect on the biological functions of butterflies.

CONCLUSION
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Abstract - Butterflies have color vision which they utilize in the
search for flowers. There are typically around six difference
classes of photoreceptors with specific spectral sensitivities. This
paper goes over a typical butterflies’ eyes structure as well as
their properties. The experimental data obtained using an atomic
force microscope was used to investigate the surface
characteristics of an eye of Coenonympha pamphilus butterfly
species. Coenonympha pamphilus which is also known
colloquially as the ‘small heath’ is the smallest butterfly within
Satyrinae subfamily.

Keywords - Atomic force microscopy, Coenonympha
pamphilius, eye structure, surface morphology.

. INTRODUCTION

COMPOUND eyes of butterflies are located on the sides of
the head and consist of ocelli - ommatidia. Their number
can reach several hundreds and even thousands. Each
ommatidium consists of an optic and a sensory division. The
optical section of the ommatidium consists of a chitinous
transparent facet in the form of a hexagon and a crystal cone
located under it, which is formed by four elongated
transparent cells. The crystal cone is surrounded by pigment
cells along the periphery. The sensory part of the ommatidium
consists of 4-12 visual retinal cells arranged radially. In the
center of the contact of the retinal cells, a visual rod is formed
- the rhabdom. The central processes of the visual cells pass
into the optic nerve. The retinal cells are also surrounded by
pigment cells. Thus, each ommatidium is enclosed in a two-
tiered pigment cup, which isolates it from neighboring
ommatidia [1]. The structure of a complex compound eye is
given in Figure 1.

The convex eyes of butterflies (round or oval) have a
complex facet structure. They are located on the sides of the
head, composed of individual hexagonal lenses, which can
number up to 27,000 ommatidia, transmitting a mosaic image.
In some individuals, behind the base of the antennae, near the
upper edge of the compound eyes, there may be simple

E-1ISBN: 978-975-448-240-9

parietal
ocelli.

Animals with complex compound eyes are able to increase
the diameter of individual eyes to allow more light to enter, as
well as reduce their length so that the photon does not have to
travel too long to reach the sensitive pigment [2].

77 - ===
7 e~
t , ‘Cornea

Atoms of
retinal
ce.IIs

Figure 1: The complex compound eye of an insect consists of
separate units - facets (ommatidia). Each ommatidium is a multi-
cellular formation that includes dioptric structures (cornea and
crystalline cone), photoreceptors - retinal cells with a photosensitive
pigment rhodopsin, as well as shielding cells with light-absorbing
pigments. Rhodopsin is located in the membrane of many
microscopic tubes-villi that make up the rhabdomer. A figure of N.
Kryukova. (IS&EZh SB RAS, Novosibirsk).
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In different orders of insects, stemma may differ from each
other in structure. These differences are possibly associated
with their origin from different morphological structures.
Thus, the number of neurons in one eye can range from
several units to several thousand. Naturally, this affects the

perception of the surrounding world by insects: if some of 2.9 ym
them can only see the movement of light and dark spots,
others are able to recognize the size, shape and color of S04
objects [3].

Butterflies and moths often have complex color vision [4,
5]. Their color vision appears to have evolved from an
inherited tricolor system based on photoreceptors sensitive to
ultraviolet, blue, and green [6,7]. b)

Ommatidium consists of three types of cells that form the
optical, sensitive and pigment part. Diurnal insects have the 71.3 deg
so-called appositional vision. Nocturnal and crepuscular 70.0
insects have super-positional vision, which is associated with 68.0
morphological and physiological differences in their
ommatidia. In the superposition eye, the sensitive part is more 10 66.0
remote from the optical part, and the pigment cells isolate 640
mainly the optical part. Due to this, two types of rays penetrate 15
to the visual stick - straight and oblique; the former enter the 62.0
ommatidium through its lens, and the latter from neighboring 50 60.0
ommatidium, which enhances the light effect [8].

56.6

Il. EXPERIMENTAL DATA

The topographic structure was observed using atomic force 30
microscopy (AFM) and the results are provided in Figure 2.
An atomic force microscope NTEGRA (NT-MDT production)
was used for data collection in semi contact mode with phase
imaging, with a Silicon cantilever NSGO01 type cantilever, 40
having the tip radius of curvature of 10 nm. When the
cantilever vibrates, the force gradient affects the frequency
shift, allowing non-contact scanning measurements. When the
vibrating tip contacts the sample, adhesive, repulsive, and 50
even capillary forces act to some extent. The interaction
between the sample and the needle changes both the frequency
and the phase shift. For example, sample inhomogeneity leads

O Power spectrum
— Linear fit
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"phase imaging mode"). Resolution depends primarily on the 0 1 2 3 4 5 6
cantilever material used for the measurement, the tip size, and d) log k

the scan speed [9,10]. Figure 2: AFM of the Coenonympha pamphilius eyes: a) 3D

image 25x25 pm?; b) 3D image 50x50 pm?; ¢) phase-distribution of
the area from a)-image; d) Power spectral density (PSD) graph from
the b)-image.

Figure 2's photos illustrate the intricate 3D anatomy of the

[ 27um ocular surface using a day butterfly.
[ Surface topography were quantified by measuring four
" 00pm locations on regions of each sample. The basic properties of

the height values distribution of the surface samples were
computed according the Ref. [11] and is given in Table 1.

The GraphPad InStat version 3.20 computer software
package (GraphPad, San Diego, CA, USA) was used for
statistical analyses.

a)
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Table 1: The basic properties of the height values for scanning square
areas of 50 pum x 50 pm.

The basic properties of the | Sample p values *
height values distribution of values Values
the surface samples

Mean roughness (Sa) [um] 0.955+0.018 | 0.018
Rms roughness (Sq) [um] 1.148+0.021 | 0.022
Skew (SsK) [] -0.067+0.009 | 0.023
Kurtosis (Sku) [-] -0.7334+0.015 | 0.025
Maximum peak height 2.538+0.047 | 0.027
(Sp) [um]

Maximum pit depth (Sv) 2.232+0.045 | 0.026
[um]

Maximum height (Sz) [wum] | 4.769+0.072 | 0.027
Inclination 6 [°] 4.06+0.4 0.018
Inclination ¢ [°] -147.83+1.2 0.023

* Statistically significant difference: p < 0.05.

In Fig. 3 is shown the height distribution and cumulative
height distribution function for a scanning square area of 50
pm x 50 um (where p and D are the corresponding quantities).
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Figure 3: a) The height distribution function, and b) cumulative
height distribution, for a scanning square area of 50 um x 50 um.
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In Fig. 4 is shown the distribution of angles for a scanning
square area of 50 pm x 50 um (where p is the corresponding
quantity), computed as non-cumulative.
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Figure 4: a) The distribution of angles, and b) cumulative distribution
of angles, for a scanning square area of 50 pm x 50 pm.

In Fig. 5 are shown the graphical representations of the
autocorrelation function (ACF), the height-height correlation
function (HHCF), the radial power spectral density function
(PSDF) based on the linear interpolation type, for samples of
fig. 2b, in vertical direction.: a) ACF curve; b) HHCF curve;
c) radial PSDF curve.
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Figure 5: The ACF, HHCF, PSDF curves for a scanning square
area of 50 um x 50 pm.

In Fig. 6 are shown the graphs of the angular spectrum, and

radial autocorrelation function, for sample of fig. 2b: a)
angular spectrum curve; b) radial ACF curve.
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Figure 7: The range distribution curve for a scanning square area
of 50 pm x 50 um.

I1l. CONCLUSION

This paper provided a short overview of butterflies’ eye
structure. The experimental part included a surface analysis of
the eyes using the AFM method that revealed the intricate and
fascinating patterns of Coenonympha pamphilius eye
structure. The results obtained lay a decent ground for future
research.
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Abstract_ To implement secure voting system using blockchain
technology is ensure to make the current voting process to take
place in an honest, accurate and highly secure way to trust all the
participants include candidates and voters. This system stores the
details of candidates and voters in blockchains which provides
transparency into election result by allowing voters independently
vote while protecting each voter’s right to privacy and protect the
integrity of your vote by preventing voters from being able to vote
multiple times. The blockchain is a new technology that is
decentralized, distributed, and has strong cryptographic
foundations. It has the potential to enhance numerous sectors in
various ways. The current security challenges with voting could be
resolved by incorporating blockchain technology into the process,
however, I build electronic voting system based on blockchain
technology that will reduce voting fraud and make the voting
process quick, safe, and effective.

Keywords: Blockchain, Electronic voting, Decentralized,

Security

i. INTRODUCTION
The internet is the greatest invention that humankind has ever

made. However, there are several shortcomings with the
internet. Think of a circumstance where you are depositing
money or casting a vote, there is a single point of authority and
security challenges, and we are expected to trust him or her with
our information, money, or vote. A single point of control or
failure is the current system's limitations. The Authority might
or might not be dishonest or corrupt. The solution of this
problem is to employ decentralized and distributed system
where the consensus of the users and peers is used to evaluate
the transactions, votes, and data. Voting fraud is a concern on
several fronts, including fake voters and fraud in the pooling
booths. Consequently, the need for the creation of a secure,

decentralized, fraud-free voting system arose. Blockchain-
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based decentralized voting systems can also resolve all the
problems with current voting methods.
A blockchain is a collection of blocks connected with chains
using cryptography. Blockchain is the one of the best emerging
technologies with the strong cryptographic foundations that
allow apps to take advantage of these capabilities to produce
resilient security solutions. In this case, the data is broken up
into blocks and connected via links. Each block has a hash
value that identifies it, and the link between them is created by
putting the previous block's hash in the current block. In
summary, a block consists of the data section, hash, and
previous hash.
The chain of blocks that has been formed no longer gets kept in
a single machine. Each user of the blockchain, also known as
the Distributed Ledger, has their own copy. When someone tries
to alter the data, the hash value is altered, the link is broken, and
the hash value is altered. The attacker must modify and
recalculate the hashes of succeeding blocks in order for the
attack to succeed. Users curate each block once it is made
depending on their consensus, and each block can either be
accepted or rejected. Consequently, security, immutability, and
transparency are provided by blockchains. However,
blockchain can be studied as a database that can be analyzed as
a distributed database with many users. Each user received a
portion of the essential.
A. Key features of Blockchain

+ High availability

¢ Verifiability
% Transparency
< Immutability
+ Distributed ledger

% Decentralized
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o,

+« Enhanced security

My research focuses on looking at important topics including
end-to-end verification, voter anonymity, and vote secrecy.
These issues serve as the cornerstone of an effective voting
system that protects the fairness of the electoral process and
makes use of the open source Ethereum blockchain technology.
The system generates a strong cryptographic hash for each vote
transaction based on information specific to a voter in order to
protect the anonymity and integrity of a vote. In order to assist
verification, this hash is also sent to the voter over encrypted
channels. Therefore, the system complies with the fundamental
requirements of an electronic voting system and all these

features serve the implementation of secure voting system.

ii. =~ RELATED WORK
A. Survey Existing Voting systems
[1] “Security analysis of India’s electronic voting machines”
Election is a highly essential event in a modern democracy;
however, many people don't trust their election system, which
is a concern for the democracy. Even India, the U.S., and Japan
have defective electoral systems. Vote rigging, EVM hacking,
election manipulation, and polling booth capturing are
difficulties with the existing voting system. In this study, we
investigate challenges in electoral voting systems and suggest
E-voting to fix them. This article evaluates blockchain as a
service for distributed electronic voting systems.
The article discusses prominent blockchain frameworks that
offer blockchain as a service and an electronic E-voting system
based on blockchain that addresses all restrictions and
preserves participant anonymity while remaining available to
public inspection.
In this paper [1], it has highlighted about the major problem in
voting security in India Presidential Elections, EVM’s were
likely to be intercepted and votes were tampered.
The study found that this old voting equipment is not only more

prone to failures and crashes

but is also notoriously easy to hack and tamper with.
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[2] “A conceptual secure blockchain-based electronic voting
system” Blockchain allows for new digital services to securely
make transaction along with hidden identities and ownership,
while research is still evolving, it has primarily focused on
technological and legal difficulties instead of using this
innovative concept to create enhanced digital services. In this
article, we will use Blockchain to develop a new electronic
voting system for municipal or national elections. The secure,
dependable, and anonymous Blockchain-based system will
enhance voting turnout and faith in governments.

Ayed, Ahmed, et al. [2] suggested a Blockchain-based
electronic voting system. Decentralized, trust-free system. Any
registered voter can vote online with any device. The
Blockchain will be publicly verifiable and uncorrectable. Rifa
and Budi concluded that using hash values to record vote results
from each linked polling station makes the system more secure
and digital signatures make it more dependable.

[3] “Blockchain Based E-voting recording system design”
Digital technology now helps many people, unlike the election
system, it employs many research papers extensively.
Traditional elections threaten security and transparency
(offline). General elections are still managed by one body. With
an organization that has full control over the database and
system, it's conceivable to tamper with the database.
Blockchain technology is a solution because it's decentralized
and owned by many users. The decentralized Bitcoin Bank uses
blockchain. Blockchain can reduce one source of database
manipulation cheating in e-voting systems.

This research discusses the recording of voting result using
blockchain algorithm from every place of election. Unlike
Bitcoin with its Proof of Work, this paper proposed a method
based on a predetermined turn on the system for each node in
the built of blockchain. The use of the sequence proposed in the
blockchain creation process in this system considers that in an
electoral system not required for mining as in the Bitcoin
system because the voter data and numbers are clear and are not

allowed to select more than once, the proposed sequence
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ensures that all nodes Which is legally connected and can avoid
collision in transportation [3].

[4] “Platform-independent Secure Blockchain-Based
Voting System” Cryptography is used to secure voting systems
to boost their use. All participants in electronic voting systems
should trust the third party's public bulletin board for posting
and auditing voting results. Recently, several blockchain-based
solutions have been proposed. These systems are impracticable
because to the limited voter and candidate numbers supported
and their security architecture, which depends on the
underlying blockchain protocol and is vulnerable to attacks
(e.g., force-abstention attacks). we propose a platform-
independent secure and verifiable voting system that can be
deployed on any blockchain that supports smart contract
execution. Verifiability is given by the blockchain platform, but
cryptographic techniques like Paillier encryption, proof-of-
knowledge, and linkable ring signature provide system security
and user privacy independent of the blockchain platform's
security and privacy characteristics. We test the correctness and
coercion resistance of our voting mechanism. We deploy and
analyze our voting system using Hyperledger Fabric.

Bin, Joseph, et al. concluded that the current blockchain voting
system cannot provide comprehensive security features, and
most of them are platform-dependent. We proposed a
blockchain-based voting system that guarantees voters' privacy
and voting correctness by homomorphic encryption, linkable
ring signature, and PoKs between the voter and blockchain [4].
[5] “Decentralized Voting Platform Based on Ethereum
Blockchain” Voters have always questioned and perceived
differently the results of centralized voting events. Most E-
Voting systems are centralized; therefore, voters must trust the
organizational authority for the results' integrity. In this paper,
we propose a decentralized trustless voting mechanism based
on Blockchain technology. This approach ensures data
accuracy and transparency and allows only one vote per cell
phone number every poll, with privacy guaranteed. To do this,
organizers will install transparent, consistent, and deterministic

smart contracts on Ethereum Virtual Machine (EVM) for each
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vote event to run the voting rules. Without a third-party server,
users are authenticated by their mobile phone numbers. The
results demonstrated that the system is viable and may lead to
optimum surroundings for such experiences.
David Khoury,Elie F. Kfoury, Ali Kassem, and Hamza
Harb,2018 "Decentralized Voting Platform Based on Ethereum
Blockchain", Department of Computer Science American
University of Science and Technology, propose a novel
approach for a decentralized trustless voting platform that relies
on Block-chain technology to solve the trust issues. This
approach ensures data accuracy and transparency and allows
only one vote per cell phone number every poll, with privacy
guaranteed. EVM is employed as the Blockchain runtime
environment. [5]
[6] “Online Voting system using blockchain” Creating a new
voting system while considering legal issues is difficult. Old
systems and computer technologies have proven vulnerable to
threats, increasing the demand for new technology. Block chain
provides several advantages over current approaches. Our
electronic voting system will test blockchain's features. We
propose a new block chain-based decentralized electronic
voting system that fixes all the existing system's flaws.
Vaibhav Anasune, Pradeep Choudhari, Madhura Kelapure, and
Pranali Shirke Prasad Halgaonkar, "Online Voting: Voting
System Using B-chain," 2019, paper presents a quick
assessment on current voting methods. The study will assist
develop a system that can tackle present and future issues and
remove disadvantages from past systems. [6]
B. Disadvantages of existing Voting Systems

1. Centralized architecture for most systems

2. Attack prone

3. Not trustable

4. Non-transparent vote casting process
A democratic society must include the right to vote. Voting is a
vital decision-making process, and security is crucial. Current
voting systems include:

1. Ballot system - There was a paper-based voting method in

place in India before to 2004. This approach is known as
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a paper ballot system. The voters use it while it is set up
in the polling site.

Electronic voting system - In order to overcome
duplication and damage of ballot problems and Electronic
Voting Machines Were introduced. It stores and
assembles votes, used by poll workers.

Current digital voting system- There are currently a
number of digital voting systems in operation in various

nations.

C. Proposed Voting System

I “ve proposed to design a voting system which integrated with

blockchain technology. The proposed system has the following

advantages as compared to the existing system as discussed on

the last page.

Authentication - only registered voters can only vote.
Prevention of evidence deletion and transparency with
privacy.

Accuracy: Votes once cast are permanently recorded and
cannot be modified or changed under any circumstances.
Verifiability — the system is verifiable such that the
number of votes is counted

Users’ can vote from anywhere in the world until he
possess a citizenship of the country.

The voting is stored in the blockchain which makes it
tamper proof.

As there’s no standing in queue for casting vote that will

save a lot of time and reduce the workload.

METHODOLOGY
This project will be a web application with front end,

jii.

back end and database. Registration of voters and

candidates must be done in advance. Personal

verification must be done before creating accounts. After
verifying the identity document, the authorized person
must verify the eligible users by proving a coin or token
Using this coin or token each user can vote only once. The
Blockchain verification process will ensure that dual use of

this symbol is not possible. So, any user cannot vote
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A.

multiple times. The blockchain-based e-voting system has
been expanded. There is no central authority to conduct
elections. Votes are cryptographically protected.

An app dedicated to electronic voting, or dApp, built into
the Ethereum blockchain. A smart Ethereum contract was
signed with Solidity to get the votes cast. User

communication on the client side is designed to use

Ethereum accounts for voting.

Flowchart of the project

Here is overall flowchart of the project.

)

Admin Block Diagram

The admin will manage the voters and candidates, the user

will cast his vote, Only the voters who are registered will be

eligible for voting.

Figure 3.1 admin flowchart

oo |

LOGIN

ANALYTICS

CHANGE STATES OF
ELECTION

ADD CANDIDATE

AFTER SUCCESSFIT
REGISTRATION

RUGISTRATION

NUMBER Of
CANDIDATLS

VOTING RESULT

CANDIDATE
DETAILS

2)

User Block Diagram

In the figure below is a User that registers himself to cast a

vote to the political party and also has a capability to vote

after successful registration.
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F-gure3.2 user flowchart
B. Modules
The project has been divided into many modules in which for
every functionality we have designed modules. Any software
consists of a number of systems, each of which has a number
of subsystems, each of which has its own subsystems, and so
on. Therefore, building a whole system at once that includes all
necessary capabilities is a laborious task that, due to the
process's immense complexity, may contain numerous faults.
Effective modular design can be achieved if the partitioned
modules are separately solvable, modifiable as well as
compliable. Following are the two modules of the system:
1) Admin Module: the admin module will divide into 5
components:
Dashboard: it will contain various charts to display
information such as number of candidates and number of
voters
Add Candidates: in this feature admin can add
candidates who are representing to the political party in

the election.
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VIEW RESULT

Change State: in this feature admin can also updates the
states of the election in the three phases registration,
voting and result of the election.
Candidate details: in the candidate details, all candidates
added by the admin will be displayed and admin can
update the candidates’ details if wrong entry made.
Analytics: in the section, admin will oversee the
candidate votes and how many voters casted their vote to
the political party
2) User Module: The User module will also divide into
five components:
Dashboard: the user dashboard contains information
about parties and their candidates. User can see all
information of the candidates.
Voter registration: user will register himself by using his
or her citizen number, then he will be able to cast his vote.
Voting area: After user is registered, the he will be
redirected in this page, then he can cast his vote.
Result: in this component the user will be able to see the
result of the election.
About: in this section, the user can read all steps to follow
to cast a vote in the election. All phases election mentioned
in this page to guide the new user.
C. Software requirements
e Operating system: window 7 and above operating
systems.
e Development environment: Solidity programming, web
Development (CSS, HTML, JAVA SCRIPT).
e  Scripting language: Solidity programming language.
e Decentralized application: Ethereum framework i.e.,
Truffle and Ganache.
e Browser: google chrome.
e  Adds-on in browser: MetaMask.
e  Software: visual studio or similar IDE.
D. User requirements
The program works by considering the input from the user as

he/she need to prove his identity.

=  Browser: Google Chrome
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= Adds-on Browser: MetaMask and Internet connectivity.

iv. RESULTS
In this project I used React.js for developing front-end and

solidity to write smart contracts. I used MetaMask wallet for
performing transactions using Ether. The application is working
and is deployed on personal Blockchain called Ganache. the
transactions in the application are immutable, transparent and

are completely secured.

Electronic Voting

USER LOGIN ADMIN LOGIN

Figure 1 HomePage
This is the Homepage of the Electronic Voting web application

where there are User Login and Admin Login.

Figure 2 User Login
User need to create his account by providing his Email Id and

a unique Password.

Figure 3 Sign Up
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If a user is new to the website, he/she must create a new account
by providing Username, Email Id and password. If Email Id

already exists then the website will not allow user to create the

account.

Voter Registration

Citizen Details

Gitizen Number *

ERIFY

Figure 4 User Dashboard
Once the User login successfully the User will be redirected to
User Dashboard, after that User need to provide his/her citizen
details to be eligible for voting. The admin will check age from

Citizen Details and may allow the user to cast the vote if

eligible else will be rejected as well.

0 Omar Voter Area

R
S o Voting is done , Results are announced

Voter Area

Result

®

. L)
Logout (Q R
AL

Figure 5 Voter Area
This is the area where User will cast his vote once the time has
come for Elections. The candidates who are participating in

election will be displayed here.

Winner! ]

% iﬁﬁ’ﬂ T : -

2 Voles

Figure 6 Result of Voting
The Result page is where the candidate who won in the Election
will be displayed and also shows how many votes each

Candidate got in the Election.
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User Manual

Figure 7 About page
This is the Page for User refrence where is given a clear idea

for the user how election process carry on.

@ ontse.._esens Add Candidates

-]

Figure 8 Add candidate

This is the Admin dashboard where the new candidates from
the Parties will be added by the Admin by filling up the above

informations.

ﬂqmm 84873 | Candicate Delalls

O Canddats et

Add Cendidates

e gl
Change State

i % Redpey )]
Analyfcs

Logout

Figure 9 Candidate Details
Once the Admin added a Candidate, the Candidate details will
be shown in the candidate Details page.
The attributes are the Name, Age, Party Name, Qualifications

and No of votes he found.
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Figure 10 Change State

This is the area where the Admin will change the Phase of
Election to Registration, Voting and Result state.

If the state is Registration means the Admin is adding the
eligible candidates for Election where the User can see the
Candidate details and aslo can see vote button.

If the state is Voting implies that the users can cast their vote
and keep in mind that a user can cast vote once in the Election.
If the state is Result means that the Election is completed and
the results are announced where user or voters can see the result

from user result page.

@ oxsvaz_teern | Analytics

o 11
Candidates I

Figure 11 Analytics of Voting
This is the page which describes the totol number of candidates
and totl votes casted as of now.
The graph show shows how got more votes with the particular

time.

v.  CONCLUSION

Any democracy needs an honest and trustworthy voting
process. A strong democracy depends on reliable elections, thus
voters must have faith in the electoral process, however, this
project has been developed to a Blockchian-based electronic
voting system that utilizes smart contract to enable secure and

cost-efficient while guaranteeing voters privacy. It outlines the
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systems design and architecture, implementation of the project
and the security analysis of the system.

Traditional paper-based elections, however, do not offer
credibility. In contemporary culture, the idea of modifying
digital voting technologies to simplify, speed up, and reduce the
cost of the public political process is appealing.

Making the voting process quick and inexpensive normalizes it
in the eyes of the electorate, lowers the power barrier between
the electorate and the elected officials, and exerts some pressure
on them. Additionally, it makes way for a more direct form of
democracy by enabling citizens to voice their opinions on
particular proposals and bills.

User votes are cryptographically protected, once the votes have
been saved they have not changed and there is evidence of
disruption and the system maintains voter privacy and
anonymity and also promotes the transparency. Finally system
allows for quick result and publicly auditable.

REFERENCES
[1] Ohlin, Jens David. "Did Russian cyber interference in the 2016 election
violate international
law." Tex. L. Rev. 95 (2016): 1579.
[2] Ayed, Ahmed Ben. "A conceptual secure blockchain-based electronic
voting system."
International Journal of Network Security & Its Applications 9.3 (2017): 01-
09.
[3] Hanifatunnisa, Rifa, and Budi Rahardjo. "Blockchain based e-voting
recording system
design." 2017 11th International Conference on Telecommunication Systems
Services and
Applications. IEEE, 2017.
[4] Yu, Bin, et al. "Platform-independent secure blockchain-based voting
system."
International Conference on Information Security. Springer, Cham, 2018.
[5] David Khoury,Elie F. Kfoury, Ali Kassem and Hamza Harb,(2018),
Decentralized Voting Platform Based on Ethereum Blockchain.
[6] Vaibhav Anasune, Pradeep Choudhari, Madhura Kelapure and Pranali
Shirke Prasad Halgaonkar,Online Voting: Voting System Using B-chain” ,(
2019), Online Voting: Voting System Using Blockchain.

E-1ISBN: 978-975-448-240-9 November 23-25, 2023, Konya, TURKEY



27

International Conference on Engineering Technologies (ICENTE' 23)

Breakdown Prediction with Machine Learning
Methods

A.MURZAEVA! S.ILHAN OMURCA?Z B.0ZSOY?, K.Y.KOC* E.DENIZ®, M.GUNDOGDU °©

1IBSS Technology and Software, Istanbul/Turkey, azhar.murzaeva@ibss.com.tr

2 Kocaeli University, Kocaeli/Turkey, silhan@gmail.com

3IBSS Technology and Software, Istanbul/Turkey, berk.ozsoy@ibss.com.tr

*IBSS Technology and Software, Istanbul/Turkey, kadiryunus.koc@ibss.com.tr

°IBSS Technology and Software, Istanbul/Turkey, enes.deniz@ibss.com.tr

®IBSS Technology and Software, Istanbul/Turkey, muhammed.gundogdu@ibss.com.tr

In factories, the cessation of manufacturing processes due to
machine breakdowns is an undesirable situation for companies.
It is crucial to swiftly understand and resolve the issue in case of
a breakdown. However, this often takes considerable time,
causing financial losses to companies. Artificial intelligence is
being considered to predict machine failures in advance.

This study aims to design a system that anticipates breakdown
situations in factory manufacturing lines. The goal is for this
product to be sustainable and adaptable to changes in
manufacturing lines, with the potential for application in similar
product groups. This study involves innovative solutions such as
a Predictive Maintenance System, enabling authorized personnel
to monitor the operational status of machines. It encompasses
alerting authorized personnel when machines are nearing
breakdown conditions.

In the modeling processes, we use some fundamental models
based on classical machine learning methods (Support Vector
Machines (SVM), Decision Trees (DT), etc.) for classification
purposes. Additionally, Bagging algorithms such as Random
Forest and Boosting algorithms like XGBoost, Gradient Boosting,
and AdaBoost were applied. These methods were utilized for
testing and enhancing the fundamental models, aiming to achieve
fast and robust models. Models with high performance were
integrated into the system for practical use.

Keywords: breakdown prediction, machine learning in
manufacturing, manufacturing production line breakdowns,
predictive maintenance.

I. INTRODUCTION

In the manufacturing sector, the impact of errors arising
from production processes on processes and costs is
significant. After Industry 4.0, companies have been
undergoing a process of automation, and as a result, they are
working to reduce the costs and losses incurred due to
breakdowns in the production process. These efforts aim to
eliminate downtime and slowdowns caused by breakdowns in
the manufacturing sector by making predictions about these
breakdowns.

The big amount of data, collected by industrial systems,
contains information about processes, events and alarms that
occur along an industrial production line. Moreover, when
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processed and analyzed, these data can bring out valuable
information and knowledge from manufacturing process and
system dynamics. By applying analytic approaches based on
data, it is possible to find interpretive results for strategic
decision-making, providing advantages such as, maintenance
cost reduction, machine fault reduction, repair stop reduction,
spare parts inventory reduction, spare part life increasing,
increased production, improvement in operator safety, repair
verification, overall profit, among others [1].

Predictive maintenance approaches able to monitor
equipment conditions for diagnostic and prognostic purposes
can be grouped into three main categories: statistical
approaches, artificial intelligence approaches and model-based
approaches. As model-based approaches need mechanistic
knowledge and theory of the equipment to be monitored, and
statistical approaches require mathematical background,
artificial intelligence approaches have been increasingly
applied in PdM applications [2]. ML approaches have the
ability to handle high dimensional and multivariate data, and
to extract hidden relationships within data in complex and
dynamic environments (such as, industrial environments) [3].

Predictive maintenance is one of the manufacturing areas
that Industry 4.0 is introducing the use of computers and
digitalization in [4, 5] and prognostics and health management
(PHM) has become an obvious for smart industrial evolution;
moreover, it provides a dependable solution for managing the
health state of industrial equipment. Maintenance is vital since
it extends the lifetime of an equipment. A system’s lifespan
can be prolonged by implementing maintenance. Maintenance
should be scheduled ahead of time with a precise prediction of
the machine failure for avoiding the accidents in production
line and to reduce the economic loss. Predictive Maintenance
(PdM) is widely employed in a variety of industries, including
manufacturing [6, 7], car [8], and aerospace [9]. Engineering
tools working well in anticipating the failure time of
equipment in advance. Furthermore, PdM is supposed to
foresees the failure precisely [10, 11]. Data flexibility is
viewed by PdM as a significant concern that could impair
algorithm performance for data driven modeling [12].

Using data from machine-attached sensors and training Al
models with breakdown records, we aim to demonstrate that
this project not only achieved a 48% efficiency rate in the first
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quarter of 2020 but also experienced only approximately a 7%
efficiency loss during the same period. The ultimate goal of
this project is to predict breakdown situations with a 90%
accuracy rate. Through the integration of Al technologies, we
strive to attain the desired precision, achieve higher success
rates, and expedite critical production processes.

In our study, we aimed to design a system that predicts
possible failure scenarios in factory production lines for a
Turkish company, which is a leading manufacturer in the
consumer electronics and white goods industry. We applied
Logistic Regression, Decision Tree, Support Vector Machine
(SVM), Random Forest, Gradient Boosting, XGBoost
(eXtreme Gradient Boosting), AdaBoost (Adaptive Boosting)
algorithms, which are machine learning methods, for failure
prediction. The main motivation of the study is to create a
system that is sustainable, can adapt to changes in production
lines, and has the potential to be applied to similar product
groups. This work includes innovative solutions such as the
Predictive Maintenance System, which allows authorized
personnel to monitor the operational status of machines and
alert them when machines are approaching failure.

II. MATERIAL AND METHODS

In this section, the applied machine learning methods and
the dataset used are explained briefly.

2.1. Data Collection

The experiments are conducted on a real world dataset taken
from a leading Turkish home and professional appliances
manufacturing company. This dataset consists of data
collected by the company from its production line between
June 06, 2022, and July 28, 2022. There are a total of 31,662
records in the dataset. The data records include oil temperature
and pressure information from six different hydraulic tanks on
the production line. Additionally, it contains data on the
operating cycles of 12 different stations, uncoil alarms, tox
alarms, line alarms, product model numbers, and production
quantities.

The dataset comprises 12 oil temperature and pressure
features from six different hydraulic tanks. Furthermore, it
includes information on the operating cycles of 17 different
stations and represents product model numbers using the one-
hot encoding method. According to the information provided
by the company, it is noted that changes in the values of these
selected features affect three different alarms: LINE, TOX,
and UNCOIL. Since all UNCOIL alarm values are 0 (zero),
this alarm information has been excluded from the model
evaluation studies. Additionally, the company has shared that
LINE alarm status is more critical and important that TOX and
UNCOIL alarm statuses.

Throughout this study, it was noted that the data
preprocessing steps involved removing non-alarm situations
and organizing the data. Three different datasets were created
based on different types of alarms: LINE or TOX alarm, only
LINE alarm, and only TOX alarm. The proposed models were
used to predict the LINE and TOX alarms occurring on the
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production line.

The feature information in Dataset-1 (DS1) corresponds to
LINE or TOX alarms. Dataset-1 is the dataset where data
records are marked as faulty if there is a fault indication in any
of the LINE or TOX alarm values associated with the data.
Dataset-2 (DS2) contains LINE alarms, and Dataset-3 (DS3)
pertains to TOX alarms. An example of the data content is
presented in Figure 2.1. The "LINE ALARM" state in the
figure is a label indicating whether there is a LINE alarm (a
value of 1 means "alarm present," and 0 means "no alarm"). In
other cases, the fault condition is similarly indicated.

STATION_10_CYCLE_TIME STATION_11_CYCLE_TIME STATION 12 CYCLE TME .. MODELNO 4 MODELNO 5 LINE_ALARM
z = <

1
2
3
4

31657
31658
31659
31660

1681

31662 rows x 35 columns

Figure 2.1: Example values included in the dataset created based on LINE
alarms.

2.2. Machine Learning Methods

2.2.1 Logistic Regression

Logistic regression is a binary classification algorithm that
maps the input features to a predicted output variable. Due to
its ease of implementation, it has been commonly used for
several binary classification tasks, such as failure prediction.
Logistic regression explores the relationship between one or
more independent variables and predicts a dependent variable.

2.2.2 Decision Tree

Decision tree is one of the widely used algorithms both for
classification and regression. The algorithm's popularity is
increased due to its ability to represent information, produce
easily explainable outputs, and be easily applicable. Among
ensemble learning models, ensemble tree models constitute
one of the most successful approaches.

2.2.3 Support Vector Machine

Support Vector Machine (SVM) is a binary classifier that
separates two regions associated with two classes from an n-
dimensional space with n features [13]. The n-dimensional
hyperplane divides two regions so that it is farthest from the
training vectors of the two classes called support vectors.
SVM is employed for linear classification as well as nonlinear
classification by using kernel methods. Kernel methods enable
mapping input samples into linearly separable high-
dimensional feature spaces. By using different kernel
functions in an SVM, various classifiers with different
decision boundaries can be constructed. In this study, a radial
basis function (RBF) kernel is used for the classification tasks.
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2.2.4. Random Forest

The Random Forest [14] is a bagging tree application that can
achieve high prediction accuracy, deal with noise, and reduce
the overfitting effect. Bagging and boosting are two main
approaches in ensemble learning. Ensemble learning is one of
the learning approaches in machine learning that aims to
obtain better predictive performance by combining the
predictions from base learners. In bagging, multiple classifiers
are combined to get more accurate prediction results.
Integrating multiple classifiers reduces variance, resulting in
more accurate prediction results. Majority voting is a
commonly used method to label test samples. In this method,
each of the unlabeled samples is labeled due to the maximum
number of votes from base classifiers.

2.2.5 Gradient Boosting

While Bagging trains multiple classifiers in parallel on
different samples of the original data and combines the
predictions, boosting has a structure of sequential classifiers,
where each classifier corrects incorrect predictions made by
previous ones. Gradient Boosting is a robust boosting
algorithm that can solve problems with noisy data, complex
dependencies such as heterogeneous features, and produce
accurate classification results without a very large amount of
data. In Gradient Boosting, decision trees are trained as weak
learners on gradient-based functions and introduced into the
ensemble model as “boosted” models.

2.2.6 Extreme Gradient Boosting

XGBoost [15] is a Gradient boosting algorithm based on
decision trees. Boosting is one of the effective methods used
to reduce the errors of machine learning prediction methods.
XGboost is capable of creating more accurate classifier output
by giving extra weights to data points that previous classifiers
predicted incorrectly.

2.2.7 Adaboost

AdaBoost [16] was the first successful boosting approach,
which was developed for binary classification. Adaboost forces
the next base classifiers to focus on misclassified samples by
changing the weights of misclassified samples in the training set
[17].

III.

3.1. Evaluation Measures

In training experiments, we aim to minimize the error
between predicted and actual failures. For this aim, commonly
used metrics are calculated: precision, recall, f-score, and
accuracy. Figure 3.1 illustrates the confusion matrix, which is
used to calculate alternative performance measures of a
classification model.

EXPERIMENTS

Predicted Failure

True False
Actual Failure True TP FN
False FP TN

Figure 3.1. Confusion Matrix
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According to confusion matrix, the following measures are
calculated:

Precision = TP/ (TP+FP),

Recall = TP/ (TP+FN),

F-score=2*Precision*Recall/(Precision+Recall),

Accucary=(TP+TN)/(TP+FP+TN+FN).

3.2. Experimental Results

In the conducted experimental studies, as described in Section
2, three different datasets were utilized. When applying
algorithms to datasets, some parameter adjustments are done
to obtain optimal hypothesis.

Logistic regression was applied with a penalty term “l1” for
DS1 and “12” for both DS2 and DS3. To solve the
optimization problem, “liblinear” was used for DSI1, while
“newton-cg” was used for DS2 and DS3. Gini is used as
impurity measure in decision tree. “Max depth” defined to
prevent overfitting in decision tree training is 8, 10 and 12 for
DS1, DS2 and DS3 respectively. Radial basis function (RBF)
kernel was used in SVM training for all datasets. For Random
Forest algorithm “max features” parameter that expresses the
size of random subsets of features when splitting a node are
defined as 5 for both DS1 and DS3, as 1 for DSI. The
numbers of trees are 190 for both DS1 and DS3, as 170 for
DS2. For Gradient Boosting, as in the Random Forest, “max
features” parameter defined as 19 for both DS2 and DS3, as
17 for DS3. The “min samples leaf” parameter that defines the
minimum observations required in a leaf is determined 50, 70
and 40 respectively. XGboost is applied with 0.1 “learning
rate” and 12 “max decision tree depth” for all datasets. The
numbers of trees are 100 for DS1 and 190 for both DS2 and
DS3. For Adaboost, the numbers of trees are 190, 180 and
200 for DS1, DS2 and DS3 respectively.

The evaluation results of the classifiers explained in section
Il on three datasets are summarized in Table 4.1.

Table 4.1 Experimental Results for Datasets

Dataset-1 Dataset-2 Dataset-3

AC PR RE F1 AC PR RE F1 AC PR RE F1

Logistic
Regression

0.72 0.70 0.69 0.69 0.79 0.84 0.76 0.77 0.70 0.75 0.68 0.67

Decision Tree 0.75 0.75 0.74 0.74 0.84 0.84 0.82 0.82 0.79 0.80 0.80 0.80

XGBoost 0.78 0.78 0.77 0.78 0.86 0.86 0.85 0.85 0.84 0.84 0.84 0.84

Random Forest 0.86 0.76 0.75 0.76 0.94 0.87 0.85 0.86 0.92 0.85 0.84

Gradient
Boosting

0.76 0.76 0.75 0.76 0.84 0.85 0.82 0.83 0.79 0.80 0.78 0.78

Ada Boost 0.76 0.75 0.74 0.74 0.83 0.85 0.82 0.83 0.78 0.78 0.76 0.77

Support Vector
Machine

0.70 0.68 0.67 0.67 0.77 0.77 0.76 0.76 0.69 0.72 0.66 0.66

AC:Accuracy PR:Precision RE:Recall F1:F1 Score

When the table 4.1 examined, for DS1, Random Forest
model has achieved the highest accuracy value, 0.86. The
second-highest accuracy value, 0.78, has been obtained by the
XGBoost model. For F1 score, the highest value, 0.78, has
been provided by the XGBoost model. The second-highest F1
score, (.76, has been obtained by both the Gradient Boosting
and Random Forest models.

Similarly, for DS2, the Random Forest model has achieved
the highest accuracy value, 0.94. The second-highest accuracy
value, 0.86, has been obtained by the XGBoost model. On the
other hand, the highest F1 score for DS2 has been obtained
with the RF algorithm. However, it was only 0.1 times more
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successful than XGboost.

As with other datasets, for DS3, the best prediction
accuracy belongs to the RF algorithm with 0.92. XGboost was
the algorithm that resulted in the 2nd highest degree of
accuracy, as in the other 2 datasets. For the F1 score, both
XGBoost and Random Forest models achieved the highest
value with 0.84.

It was concluded that the results of Logistic Regression and
SVM were close to each other, however, SVM was the
classifier with the lowest prediction performance for all data
sets. According to the F1 score, it was observed that the best
predictive models in all data sets were XGBoost and Random
Forest, with performance values close to each other.
Considering the results obtained, it has been concluded that
boosting algorithms give more accurate results than traditional
machine learning algorithms in the predicting machine failure
task.

IV. CONCLUSION

In this paper, a failure detection system developed by using
a real-world manufacturing system data by using various
machine learning methods, such as Logistic Regression,
Decision Tree, SVM, Random Forest, Gradient Boosting,
XGBoost, AdaBoost.

The datasets used in this study contain data collected over a
specific period. Collecting and monitoring data over a longer
period may provide access to more data, enhancing the
reliability of machine failure predictions. As a result, three
data sets have been created to detect three type failure alarms
occurring on the production line. Considering the
experimental results obtained with these data sets, the
performance rates of the models vary between 75% and 84%.

In future studies, it is anticipated that increasing the data
volume with additional data obtained from sensors may lead to
higher  prediction performances. According to the
experimental results, it is planned to predict production errors
with machine learning models such as Random Forest and
XGBoost, using the data set containing LINE and TOX alarm
labels (DS2). Another future direction of our study is to
increase the accuracy by incorporating deep learning methods.

In conclusion, this study represents a significant step in
predicting machine failures in industrial manufacturing
processes. The findings obtained can provide a solid
foundation for further research and applications in this field.
Future research endeavors may support the widespread use of
such predictive systems in industrial processes, enhance
efficiency, and reduce costs. In future processes, we will
utilize the results of the foundational models designed with
machine learning. These models will be employed to test and
enhance deep learning-based algorithms, which we believe
will yield higher results in terms of speed and performance.
We aim to achieve better results using LSTM, CNN, CNN-
LSTM, and other deep learning methods. In addition, we plan
to research the maintenance duration estimates.
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Abstract - In this study, ESKaD software, which estimates
equivalent water thickness changes through global geopotential
models published by GRACE (Gravity Recovery and Climate
Experiment) data processing centers, is introduced. Then, the
performance of the software was analyzed with auxiliary data on
the test points determined in Konya basin. The numerical results
show that the equivalent water thickness changes, which play a
major role in the monitoring groundwater changes, have been
successfully estimated. The software package which aims to
satisfy the demands of users quickly and practically, offers an
alternative calculation tool for scientific researches in disciplines
such as geodesy, geophysics, hydrology, and etc.

Keywords - Equivalent water thickness; GRACE; Global
Geopotential Models; Software package; Groundwater changes.

. INTRODUCTION

Due to the internal dynamics of the Earth (earthquakes,
tectonic movements, groundwater exchange, etc.), the
gravity field changes depending on the time parameter. Large
earthquakes and hydrological signals are the two main factors
affecting the long wavelength structure of the gravity field on
a short time scale. With the satellite gravimetry technique, it is
possible to obtain information about the low-frequency
content and temporal changes of the gravity field by reducing
high frequencies with satellites at certain altitudes. Since
2002, time-varying global geopotential models obtained from
the GRACE (Gravity Recovery and Climate Experiment;
Tapley et al., 2004) and GRACE Follow-On (GRACE-FO;
Flechtner et al., 2014) satellite missions have been used to
monitor water changes on the continents at the cm level. With
the integration of GRACE/GRACE-FO global geopotential
models and hydrological models published free of charge and
online, it is possible to monitor mass redistributions
(Akyilmaz et al., 2016; Oztiirk et al., 2018a; 2018b; Godah et
al., 2018; Oztiirk et al., 2020; Oztiirk 2020; Oztiirk 2022) on
the continents faster and at low cost. The Global Land Data
Asimulation System (GLDAS) (Rodell et al., 2004) and the
WaterGAP (Water- a Global Assessment and Prognosis)
Global Hydrology Model (WGHM; Schmied et al., 2014; D&ll
et al.,, 2014; Schmied 2017) are two of the hydrological
models that show high consistency with GRACE gravity
models. These models reflect hydrological regimes on a global

E-1ISBN: 978-975-448-240-9

and regional scale. They also provide the surface density of
soil moisture (SM), snow water equivalent (SWE), plant
canopy surface water (CAN) and groundwater bodies (GWS).
Integration of this density information with the equivalent
water thickness (EWT) variations obtained by the GRACE
mission provides groundwater variations, which are very
important today.

In all technical and scientific studies that require the
monitoring of groundwater changes, a suitable calculation tool
is needed to obtain EWT changes quickly and directly. In the
literature, there are software packages developed in different
programming languages such as Python (Nielsen et al., 2012),
MATLAB (Bucha and Janak 2013; Godah 2019), FORTRAN
(Rapp 1982; Tscherning et al., 1983; Holmes and Pavlis 2006)
and C/C++ (Oztiirk and Abbak, 2020). However, the majority
of existing software packages have been developed primarily
for determining static gravity functions. Therefore, in order to
calculate time-varying gravity functions using these software,
users may need to perform a preprocessing or modify
GRACE-based global geopotential models. In addition, the
developed software packages do not allow users to determine
temporal variations of the EWT from GRACE-based
geopotential models, are not freely available with commercial
software, or interactive online tools such as mascon solutions
cannot be used without an internet connection.

In this study, an open source and user-friendly software
called "ESKaD" was developed in C/C++ programming
language. This software enables users to calculate GRACE
EWT variations time series quickly and free of charge. In the
following sections, the data and methodology used in the
calculations, the features and components of the ESKaD
software, and the results of the case study are presented
respectively.

Il. DATA AND METHOD

The ESKaD software uses Level 2, version 6 (Release-06,
RLO6) global geopotential models obtained from JPL (Jet
Propulsion Laboratory), GFZ (GeoForschungs Zentrum) and
CSR (Center for Space Research), the official data centers of
the GRACE mission. These models, symbolized by C}¥and
S% ., are called global harmonic models and each model has
harmonic coefficient degree (I) and harmonic coefficient order
(m). In the RLO6 GRACE data used in this study, the
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maximum coefficient order is 90 for GFZ models, 60 for JPL
models and 96 for CSR models. As a result of the
redistribution of surface masses, the crust is subjected to
loading and deforms. In order to model these changes, Love
numbers calculated by Wang et al. (2012) are used in the
software. These coefficients were calculated using the
structural parameters of the Earth's crust from the Preliminary
Reference Earth Model (PREM) of Dziewonski and Anderson
(1981). In addition, the GRACE C,, coefficients, which
represent the dynamic flattening of the Earth, are replaced by
the Satellite Laser Ranging (SLR) C,, coefficients. The Earth
Gravity Model EGM2008 (Pavlis et al., 2012) is used as the
reference model in the software. In the case study to test the
software, EWT variations obtained from the IGIK-TVGMF
software (Godah, 2019) were used.

The spherical harmonic expansion of the surface densities
(SM, SWE, CAN, GWS) divided by the density of water (pw)
gives the EWT:

1 voo
AEWT = 8hiye(8,4) = - %2 Xin—1 (Spim +

SPim 8Pk Pl ) Yim(8,2) 1)

In the equation, #, 1 are the polar distance and geocentric
longitude, and Yin (6,4) is the surface harmonic function.
According to equation (1), EWT reflects the entire change in
the first 200 cm layer at the surface and groundwater (Eshagh,
2020). ESKaD software calculates the EWT changes obtained
from the difference of the GRACE-based global geopotential
models with respect to the specified reference model
(EGM2008). If the spherical harmonic coefficients of the

GRACE global geopotential models are expressed as
CYGRACE) and  §V(ER4E) and the spherical harmonic

coefficients of the EGM2008 model are expressed as
([EGM2008) g(EGM2008) " the coefficients ACT,, ASP,, which
express the difference between them are obtained as follows:

W(GRACE W(EGM2008
Acllﬂln = Clm( ) — Clm( )
W (GRACE W(EGM2008
ASl‘;Vn = Slm( ) — Slm( ) (2)
W(GRACE U(GRACE W(EGM2008 U(EGM2008
ACH, = CEMD — uEmen _ (guvEcmzom) _ u(snzoos
_ cW(GRACE U(GRACE) W(EGM2008) U(EGM2008)
AS;" - Slm( ) — Slm - (Slm - Slm
W(EGM2008 W(EGM2008 W(GRACE W(GRACE
oW ), s ) (WGRACE) 4 GW(GRACE)

m U ! Ilm Ilm
represent the spherical harmonic coefficients of the EGM2008

and GRACE global geopotential models, respectively.
CllrIrEGRACE), Sllr]rEGRACE)’ ClzTJn(EGMzooa) and SllTIrEEGMZOOB) represent
the spherical harmonic coefficients of the normal gravity field
of the monthly GRACE global geopotential models and the
EGM2008 model, respectively. The EWT variations can be
obtained from the spherical harmonic coefficients of the time-
dependent gravity field variations by the following formula:

aXpave vlmax ; 2l+1 :
DEWT (g0 = =2 5,25 Stico P (sing) T (ACT,cosmA + AST, sinmA)

)

r and ¢ are the geocentric radius and spherical latitude of the
point for which the EWT change is calculated, respectively,

ISBN: 978-975-448-240-9

and a is the major semi-axis of the reference ellipsoid. The k
values shown in the formula are the I-th Love numbers
calculated with the structural parameters of the Earth's surface
from PREM. p,,. (5517 kg/mq) is the average density of the
Earth. Pin is the fully normalized Legendre functions (1st
kind) of degree | and order m. Ina is the maximum degree
applied.

I1l. OVERVIEW OF ESKAD SOFTWARE

This chapter provides a comprehensive overview of the
ESKaD software. The software is coded in the GNU C/C++
platform and is called ESKaD. ESKaD should be compiled on
a Linux-based computer or server, or through Linux-like
platforms (such as Cygwin) provided for other operating
systems. The software consists of a main function and two
sub-functions. The functions in the software are described in
detail below. The flowchart of the software is given in Figure
1.

main: This is the main function that retrieves from the
command line the geographical latitude and longitude values
of the point where the EWT variations will be calculated, the
file name indicating which GRACE model the calculations
will be performed with, and the maximum expansion value of
the spherical harmonics. If the user wants to estimate with a
model other than the models obtained from the official
GRACE data processing centers JPL, GFZ and CSR, the user
can upload the data file of the model to the working folder and
perform the calculation with that model. In order to replace its
coefficients with SLR data, the function again gets the file
name of the SLR data from the command line. Finally, in
order to model the deformation due to loading caused by mass
movements, the file with the Love numbers obtained from the
PREM maodel should also be entered on the command line.
legendre: This function calculates Legendre functions of the
first kind using the coefficient degree entered by the user and
the global latitude obtained according to the geodetic
coordinates. The calculation algorithm is based on Avsar and
Ustiin (2011).

help: This function provides general information about the use
of the software. In particular, it indicates what kind of data the
parameters require and what the default parameters are.
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Figure 1: ESKaD software flow diagram

IV. CASE STUDY

In this section, the developed ESKaD software is tested.
The points selected for testing are points P1, P2 and P3 in
Konya basin, shown in Figure 2 with geographic latitude and
longitude values. Points P1, P2 and P3 are also the GSFC
mascon grid centers and represent sub-regions in the 1°x1°
frame. The EWT changes obtained from the IGIK-TVGMF
software developed by Godah (2019) were used as control
data. The IGIK-TVGMF software developed in MATLAB
uses harmonic coefficients similar to the ESKaD software and
most of the parameters used in the calculation are user-
specified. For the test, CSR RLO6 spherical harmonic
coefficients were calculated to the 60" order using the DDK3
filter in both software and GRACE Cy values were replaced
with SLR Cy values. Since GRACE-based global geopotential
models do not contain gaps between 2004-2010, this period
was chosen for the study.

The time series of EWT changes obtained from the software
is shown in Figure 3. When the time series are analyzed, it is
seen that AEWTESKaD and AEWT'CIK-TVEMF yalues changed
between -31.5 cm and +5.4 cm in the period of 2004-2011. It
is seen that the interannual cycle of both variations during the
study period is quite close to each other. However, as seen in
the statistical results in Table 1, the standard deviation values
obtained from the difference between AEWT!CK-TVEMF regyits
and AEWTESK® resylts are 6.5 cm for P1, 5.7 cm for P2 and
5.8 cm for P3. These values are acceptable for the 3°x3°
spatial resolution of the GRACE/GRACE-FO data used in the
software and prove that the ESKaD results are consistent with
control data. In addition, while the normalized Legendre
functions in the AEWTESX®D calculations are based on Avsar
and Ustiin (2011), the same functions in the AEWT'GIK-TVGMF
calculations are based on Borre (2008). The impact of this
difference in methodology on the results should not be ignored
(Oztiirk and Abbak, 2020).
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Figure 2: Test points P1 (¢ = 39°,1 = 32.9°), P2 (¢ = 38°,

A =32.4°and P3 (¢ = 38°, 1 = 33.7°) for ESKaD.
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Figure 3: EWT changes obtained with ESKaD (blue) and IGiK-
TVGMF (green) at test points P1, P2 and P3.
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Table 1: Statistical results of AEWTESK® and AEWT!CIK-TVGMF
differences at points P1, P2, P3 [cm].

AEWT Differences (cm) min | max | mean | std
P1 AEWTESKAD — AEWT!GiK-TVGME -8.3 | 188 4.8 6.5
P2 AEWTESKAD — AEWT!GiK-TVGME -79 | 16.6 4.4 5.7
P3 | AEWTEsKa0 — AEWT'ekveMe | 8.6 | 16.1 35 5.8

V. DiscussioN AND CONCLUSION

In this study, ESKaD software developed in GNU C/C++
platform is presented to calculate EWT changes quickly,
easily and free of charge. In order to test the results of the
software, the analysis was carried out in the test region
determined in the Konya closed basin and ESKaD EWT
changes were compared with the EWT changes obtained from
IGIK-TVGMF  solutions. The standard deviation of
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AEWTESKaD - AEWT!CIK-TVEMF differences obtained at all three
points is around ~6 cm, the changes are close to each other
and the seasonal cycles are almost compatible with each other.
Compared to other online or commercial counterparts, the
software is very practical to use and provides fast results for
those interested only in EWT variations and for academic
studies. ESKaD also allows users to evaluate their results by
adding their own analysis or plotting functions.

In the future, in addition to the Cy coefficients replaced
with SLR coefficients in the software, the results can be
further improved by making the same changes for the Cso
coefficients (Velicogna et al., 2020). In addition, by adding
parameters such as various filtering techniques, it is possible
for the software to serve multidisciplinary uses with sub-
functions. ESKaD source codes are published at
https://github.com/ezozturk/ESKaD.
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Abstract - Location-based augmented reality is a markerless
technique which uses data from GPS, digital compass, etc. to
determine the location of a mobile device. After making
calculations by wusing the GPS and compass data, the
application figures out where the mobile camera is looking and
displays the relevant virtual information about the
environment on the screen. In this study, a location-based
augmented reality mobile application has been developed to
inform users about the buildings of a university campus. The
application determines which building it is by making angular
calculations using the geographical position of the mobile
device and the corner coordinates of the buildings. The
application was then used within the campus to record the
current latitude, longitude of the mobile device and the
distance information of the buildings that were displayed on
the device screen. The collected data were applied to Decision
Tree, Random Forests, Support Vector Machines (SVM), and
XGBoost algorithms with 3-fold cross validation and the
results were compared. Based on the results obtained, the best
performance belongs to the SVM algorithm with accuracy,
precision, recall, and F1 Score values of 0.90, 0.91, 0.90, and
0.90, respectively. The use of machine learning algorithms
within the application allows the detection of the buildings
using only latitude, longitude of the mobile device and the
building distance information, eliminating the need for angular
calculations.

Keywords — Location Based Agumented Reality, Augmented
Reality, Machine Learning.

I. INTRODUCTION

AUGMENTED reality is a technology created by enriching
real-world objects with computer-generated data [1].
This technology adds additional information, graphics, or
objects to users who view the real world through mobile
devices or glasses, enabling interaction between the real and
virtual worlds [2].

Location-based augmented reality is a technology that
allows users to experience virtual content based on their
current real-world location [3]. This system scans the user's
surroundings using GPS or other location determination
methods and displays location-specific virtual objects or
information in the real world. Users can interactively
experience this location-based augmented reality through
smartphones or specialized devices. The challenges of GPS-
based augmented reality applications involve the accurate
positioning of physical objects and the stable attachment of
virtual objects. Standard location services, such as those on
iPhone or Android devices, may fall short in achieving high
levels of accuracy. Therefore, developing a high-quality
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GPS-based AR application may require the use of
specialized augmented reality SDKs and techniques and
markerless technology. These SDK’s are not free and may
have integration difficulties into AR applications.

Location-based augmented reality technology is used in
various fields [4]. It is commonly employed, particularly in
tourist areas, to help tourists explore their surroundings
more effectively and provide access to historical
information. In education, it is used to teach students about
historical or geographical locations in a more interactive
manner. In the retail sector, it is used to provide store
visitors with product information, promotions, and
discounts. Lastly, in the automotive industry, it is used to
enhance the driving experience by offering drivers
directions and traffic information.

When augmented reality and machine learning are used
together, the identification and functionality determination
of objects become more effective. Machine learning can
optimize the data collection and analysis processes for
augmented reality, improving augmented reality to obtain
real-time and more accurate results and expanding its use
cases. The combined use of these technologies can enhance
the user experience and further enhance data analysis
processes.

A review of the literature reveals various location-based
augmented reality studies conducted in different fields. As
an example of a location-based augmented reality
application, Pokemon GO, which became popular in 2016,
can be cited. Pokemon Go is the first mobile augmented
reality (AR) game. Existing augmented reality theories were
used to make the user's adaptation to the game more
efficient. A comprehensive framework was presented by
considering different augmented reality criteria [5]. In
another study [6], a mobile application was developed that
provides information about important landmarks and
handicraft locations in Istanbul to tourists visiting the city. It
is an Android application with 2D map and augmented
reality modes designed for offline use. The application
provides location information over the internet through
REST service calls and performs field distance calculations
using the Haversine and Vicenty formulas. In a study that
utilizes smartphone accelerometers, compasses, cameras,
and augmented reality technologies, an examination was
conducted for indoor navigation [7]. An application was
developed that enables indoor navigation using only
smartphone features without the need for additional
hardware or components by utilizing signals emitted by
Beacon Bluetooth devices. This application utilizes low-
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power Bluetooth devices that employ the BLE
communication protocol. An augmented reality prototype
for the Roman baths in Ankara, developed in Unity, was
created by overlaying images captured with a drone onto a
3D bath model created in Unity [8]. The application was
tested using an Android-based tablet and a mobile phone. In
another study [9], tourist attractions in Safranbolu's Old
Bazaar were identified, 3D models were created, and spatial
information was integrated to develop an Android
application for tourism purposes. The application was built
using internet-based applications such as SketchUp,
Photoshop, Unity 3D, AR plugins, Android Studio, VRML,
and Vuforia.

In this study, a location-based augmented reality
application was designed using Unity and Vuforia, with the
aim of providing users with information about campus
buildings. An original algorithm was created for this
purpose, which involved angle and distance calculations
using GPS data, building corner coordinates, center
coordinates, and angular calculation formulas. The current
compass angle value of the mobile device was compared to
the calculated angle range to determine which building was
displayed on the screen. This way, a location-based
augmented reality application was developed without the
use of paid SDKs. Subsequently, Decision Trees, Random
Forest, Support Vector Machine, and XGBoost algorithms
were compared to find the best-performing machine learning
algorithm, which was integrated into the application. This
allowed building identification based solely on latitude,
longitude, and distance data, eliminating the need for
angular calculations.

II. MACHINE LEARNING METHODS

A. Random Forest

Random Forest is a model created by combining multiple
decision trees that can make predictions for classification or
regression problems [10]. The algorithm trains each tree
using a subset of the dataset and combines the independent
decisions of these trees to obtain a final prediction. Random
Forest can efficiently process large datasets and high-
dimensional feature vectors. Additionally, it reduces the risk
of overfitting and improves generalization by randomly
selecting and training trees independently. It can determine
the feature importance ranking, indicating which features
contribute more to prediction performance. Random Forests
can handle missing data and predict missing values for
forecasting. They can achieve high accuracy in classification
and regression problems and often produce reliable models.
Feature selection, clustering, and separation can also be used
for various machine learning tasks.

B. SVC (Support Vector Machine Classifier)

SVC (Support Vector Machine Classifier) is an algorithm
used for classification problems in machine learning [11]. It
creates a hyperplane of separation to classify data points.
The algorithm utilizes support vectors to classify data
points. Support Vector Machines can create both linear and
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non-linear separation hyperplanes. While Linear Support
Vector Machines can classify as planes or lines, Non-linear
Support Vector Machines allow flexible separation of more
complex data sets using kernel functions. Support Vector
Machines offer high classification accuracy, overfitting
prevention, and generalization capabilities. However, they
can be computationally intensive and have long training
times, especially for large datasets and high-dimensional
feature vectors.

C. Decision Tree

The Decision Tree is a commonly used algorithm in
machine learning. It performs predictions by dividing and
classifying a dataset using a tree structure. Each node
represents a feature and a decision rule. Trees are
constructed by selecting the best features and decision rules
based on criteria such as data set, information gain, or Gini
index. The Decision Tree is a simple and easy-to-understand
model that can handle both categorical and numerical data.
To reduce the risk of overfitting, decision trees can be
pruned [12]. It is a widely used algorithm that can achieve
successful results in classification and regression problems.

D. XGBOOST

XGBoost, short for "Extreme Gradient Boosting," is a
machine learning algorithm and an enhanced version of the
Gradient Boosting method [13]. XGBoost can work
efficiently on large datasets and deliver high performance in
classification and regression problems. The algorithm
operates by creating consecutive trees, with each tree aiming
to reduce the total error by correcting the errors of the
previous trees. XGBoost can be configured through
hyperparameters, allowing adjustments to the model's
performance and generalization ability. It has a broad user
base and is widely preferred due to its successful results in
various machine learning competitions and real-world
applications. As for the parameters, the gbtree, gblinear, and
dart parameters were individually tested, and dart, which
yielded the highest result, was chosen for use. XGBoost
DART is an improved version of the XGBoost algorithm
and is a tree-based learning algorithm. DART prevents
overfitting models by using the dropout technique in tree
creation and offers the advantage of faster learning with
improved generalization capabilities.

III. PERFORMANCE METRICS

Performance metrics used to evaluate machine learning
performance include accuracy, precision, recall, and F1
score. When evaluating these metrics, there are four
possibilities, namely True Positive (TP), False Positive (FP),
True Negative (TN) and False Negative (FN) [14].

Accuracy is a metric that represents the ratio of correctly
classified examples to the total examples. (1) is used for the
calculation.

(TP + FN)

Accuracy = ——————
Yy (TP + FP + FN + FN)

(M

Precision represents the ratio of true positive predictions
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to the total number of positive predictions made. When
calculating it, (2) is used.
TP

Precision = ———— 2)
(TP + FP)

Recall, also known as sensitivity or true positive rate,
signifies the ratio of true positive predictions to the total
number of actual positive instances. When calculating it, (3)
is employed.

TP

Recall = m (3)

F1 score, on the other hand, represents a balanced average
of precision and recall metrics and is used to assess a
model's performance. When calculating it, (4) is utilized.

Precision * Recall
F1Score = 2 » {Lrecision: Recal) )
(Precision + Recall)

These metrics are used to measure and compare the
success of machine learning models from different
perspectives.

IV. METHOD AND DEVELOPMENT PROCESS IN LOCATION-
BASED AUGMENTED REALITY APPLICATION

In the study, Unity and Vuforia were utilized. Unity is a
software tool commonly used as a game engine, and it is
also employed in the development of interactive virtual
reality applications. On the other hand, Vuforia is a software
platform specifically focused on augmented reality
technology. When Unity and Vuforia are used together, they
provide a powerful toolkit for creating impressive
augmented reality applications [15].

A. Acquisition Of Building Coordinates And Angular
Calculations

The satellite images and locations (X, longitude, latitude) of
the institution's buildings to be studied have been obtained.
The satellite image of these buildings is shown in Figure 1.

These coordinates have been defined in the code for each
building as front-right, back-right, front-left, and back-left.
For angular calculations, angles, as shown in Figure 2, have
been utilized.

During the calculations, a fixed point N (north) has been
determined, and based on this point, along with the entered
coordinates, building information is provided according to
the corresponding data.

During the calculations, firstly, the coordinates of the
buildings were entered. Then, the device's location
(longitude, latitude) and heading angle information were
obtained via GPS and displayed on the screen. Based on the
received data, the identity of the nearest building to the
coordinates was displayed on the screen.
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Figure 1: Satellite Image of Institutional Buildings.

Figure 2: Angular Calculation.

Subsequently, the area where the institutional buildings are
located was divided into four regions: inside, back, right-
side, and left-side. The determination of the region was
made with respect to the reference point. For example, if a
person's latitude value is smaller than the reference latitude
value, their position would be considered 'inside,' and the
evaluation would proceed accordingly.

In these calculations, the Haversine formula was employed
for distance calculation, as shown in (5).

d=2r arcsianin2 (92;9‘) + cos(6,) cos(6;) sin? (%) %)

The Haversine formula is a mathematical formula used to
calculate the direct distance between two points. This
formula utilizes the latitude and longitude of two points and
is calculated taking into account the radius of the Earth. The
formula calculates the shortest distance between two points
on a circle known as the great circle arc.

Another formula that is commonly used is the formula for
calculating the magnitude of a vector. It represents the
length of a vector from its starting point to its endpoint. The
formula is shown in (6).
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Ivll = V7 + VF +VZ + -+ 73 ©)

One of the formulas used to find angles is the cosine angle
formula, as shown in (7).

AB

cos(8) = 2z

(7

Where A and B are the vectors which were determined
using the left and right corner coordinates of the buildings.
These vectors were determined using the X-Y difference
between the coordinates of the mobile device and the corner
coordinates of the buildings relative to the north vector. The
cosine of the angle between the A and B vectors were
calculated according to (7). Then using arc cosine of this
value, the angle is found. The building on the screen of the
mobile device is determined by comparing this angle with
the compass heading value of the mobile device.

V. EXPERIMENTAL RESULTS AND DISCUSSION

When the application is launched, it greets the user with a
screen displaying information such as distance, latitude, and
longitude, as shown in Figure 3. It also indicates which
building is being shown to the camera.

e 055 — = =
Figure 3: Application Screenshot.

The application was executed, and while navigating within
the institutional buildings, a substantial amount of latitude,
longitude, and distance data was collected and tabulated.

The obtained data was then used to train machine learning
algorithms, including Random Forest, Decision Tree,
XGBoost, and Support Vector Machine, using a 3-fold
cross-validation method. Accuracy, precision, recall, and F1
score values were calculated, and the results are depicted in
Figure 4.
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Figure 4: Evaluation Metrics Graph.

The results of the algorithms according to performance
metrics are presented in Table 1. According to this data, the
most successful algorithm is the Support Vector Machine
(SVM), with an accuracy value of 0.898465, precision value
of 0.909821, recall value of 0.898474, and an F1 score of
0.899661. On the other hand, the least successful algorithm
is XGBoost. XGBoost has an accuracy value of 0.687974,
precision value of 0.710125, recall value of 0.687977, and
an F1 score of 0.691367.

Table 1: Results According to Performance Metrics Of Algorithms.

Accuracy Precision Recall F1 Score
Random Forest 0,80122 0,817848 0,801235 0,802026
Decision Tree 0,81227 0,826161 0,812283 0,813612
XGBoost 0,68797 0,710125 0,687977 0,691367
svC 0,89847 0,909821 0,898474 0,899661

The confusion matrix for the most successful algorithm, the
Support Vector Machine, according to these results, is
shown in Figure 5.

Figure 5: SVC confusion matris.

The use of machine learning algorithms within the
application allows for the detection of the building solely
based on the latitude, longitude, and building distance
information from the mobile device. This eliminates the
need for angular calculations traditionally required for
building detection. The location-based augmented reality
application which was developed in this study can be used
in any institution having buildings in wide area. If the
coordinates of the buildings were entered properly the
application will work accordingly to inform users. The
application was developed using an original algorithm
without the use of commercial SDKs which is an important
contribution of the study.
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Abstract - Autonomous cars can navigate their
surroundings with little or no need for driver assistance.
Autonomous cars allow disabled individuals to drive
individually. Due to its benefits such as reducing human
errors, fuel efficiency and comfortable driving, it is a
technology that is always open to improvement. In this
study, an autonomous vehicle simulation that
automatically follows the lane and avoids obstacles while
driving was made using a deep learning model. For this
purpose, Webots which is a free and open source 3D
simulation environment, was used. Four different tracks
were created to increase the variety of objects on the
route to be followed in the simulation environment.
There are animals such as cats, dogs and foxes on the
first track. The second track is a track where there are
several people. The third track is a track with road
construction work and various obstacles. The last track
is a track with other vehicles. The vehicle with a camera
on it was driven full laps on these four tracks without
interruption. The drive lasted approximately 2 minutes,
and data was collected from steering angle and camera
images during the drive. The autonomous feature of the
vehicle is given by a deep learning model. While training
the model, three different optimizers were tried and
different filters were applied. While evaluating the
results, mean square error (MSE) and accuracy values
were examined. Accuracy values were obtained as
95.31%, 95.01% and 95.26% for the “sgdm”, “adam”
and “rmsprop” optimizer parameters, respectively. The
MSE values were 0.3673, 0.3976 and 0.3885, respectively.
Autonomous vehicle driving was achieved with the deep
learning model using the “sgdm” optimizer, which has
the highest accuracy.

Keywords — Autonomous driving, collision avoidance, lane
tracking, deep learning.

1. INTRODUCTION

N the modern era, artificial intelligence is used to solve
many problems. Using artificial intelligence in cars is an
important technology that will make human life easier. In
this way, traffic accidents caused by humans can be
eliminated, time spent in traffic can be reduced, and disabled
people can drive. Many new solutions are being proposed
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for robot cars, also known as autonomous vehicles, which
are formed by the combination of artificial intelligence and
the car. In this study, we designed a self-driving, lane
following and obstacle avoiding vehicle with deep learning.

In the literature, there are several studies on autonomous
driving. Rathod [1] conducted a study examining the
development of Google's autonomous driverless vehicle
project. The study involved a test fleet of at least eight
vehicles, including six Toyota Priuses, an Audi TT and a
Lexus RX450h. Lombard prepared and vehicles Street, then
the Golden Gate Bridge, the Pacific Coast Highway and
Lake Tahoe. has been stated. The results of the Urban
Challenge showed that an autonomous vehicle could
navigate in traffic in the future.

Hofmann et al. [2] stated in their study that the idea of
autonomous driving has almost become an existing reality
thanks to lane keeping assist and adaptive cruise control
systems in vehicles. For autonomous driving to be more
efficient, they mentioned the importance of the data set that
needs to be prepared. They emphasized that navigation
systems will also contribute to the data set.

An autonomous car study based on deep learning in
Udacity simulation environment by Lade et al. [3] has been
done. While training the model, the more complex CNN A
architecture with 11 layers and the simpler CNN B
architecture with 7 layers were compared. The result was
observed in a driving environment and they obtained
96.83% accuracy for model A and 76.67% accuracy for
model B. In another study, Bhalla et al [4] aimed to build a
deep learning model that enables driving in an autonomous
car without any manual operation. As a result, the proposed
modified CNN model achieved better results compared to
Resnet50, DenseNet 201, VGG16, and VGG19.

Bhujbal and Pawar [5], aimed to train a convolutional
neural network for autonomous driving using Udacity's Car
Simulator Environment. The dataset was created and then
NVIDIA's convolutional neural network model was used to
predict the autonomous driving of the car. As a result, it was
observed that the vehicle drove well on the easy track, but
the expected results were not obtained on the difficult one.

Burnett et al [6] explained their Zeus' system architecture
and proprietary algorithms. As a result, they were able to
prepare the Zeus car for SAE AutoDrive competition after
extensive testing. Stop sign detection and obstacle detection
operated as expected without adjustments. They were able to
create a system reliable enough to win the competition.

Lee et al. [7] wanted to show that autonomous driving can
be safe in adverse driving conditions in order to increase
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confidence in autonomous driving. They stated that in order
to be able to drive in adverse driving conditions such as rain
and wet conditions, algorithms should be able to use sensors
such as laser scanners and cameras to detect roads with
minimal error margin. They developed a sensor fusion
algorithm that can work in bad weather conditions and
demonstrated its operability at the 2014 Hyundai Motor
Company's Autonomous Car Competition.

Rosyid et al [8] conducted a study targeting a self-driving
vehicle avoiding potholes on the road. They observed how
an autonomous vehicle avoids potholes in a driving
simulator called AirSim. While training their model, they
tried three different Convolutional Neural Network models,
namely BojarskiCNN, ZhiluChenCNN and AdsharCNN.
They concluded that Bojarski CNN has the best
performance in the field compared to other models.

Aki and Dirik [9] conducted autonomous driving tests in
a simulation environment. In their study, the self-driving
vehicle in the simulation was achieved by a deep learning
(DL) model and PID control. For the autonomous driving of
the DL-based and PID-based self-driving vehicle, the
calculation of the deviation values in one full lap was
examined. As a result, it was observed that the driving of the
PID-based self-driving vehicle oscillated too much to be
suitable for real life, but the DL-based autonomous vehicle
exhibited a smoother driving.

Okuyama et al. [10] observed the lane following of an
autonomous car learning with Deep Q Network and its
driving on static obstacles in a simulation environment. The
action with the highest reward became mandatory. Unity
was used for the simulation environment. The vehicle in the
system was trained by driving at constant speed for 10 m/s,
15 m/s and 20 m/s and avoiding obstacles. As a result, the
learning ability of the automobile decreased as the driving
speed increased.

Ramarao et al [11] investigated different algorithms for
detecting traffic lanes. Some methods required expensive
sensors, while others relied on specialized sensors such as
LiDAR. Methods such as Feature Selection Algorithm,
Canny edge detection and Hough transform were compared.
As a result of their research, they concluded that the
OpenCV-based Lane Detection system is feasible and fast.
As aresult, they concluded that the real-time performance of
the based system is fast and reliable.

Barrozo and Lazcano [12], designed autonomous vehicle
for agriculture and created a vision-based control system for
it. The data set they used was synthetic images and the
results show that their proposed model has better
performance than the others.

Swaminathan et al [13] presented an autonomous vehicle
prototype and used the Belgian traffic sign dataset to
evaluate its performance. Traffic detection approaches
achieved 83.7% success.

Dangskul et al [14] investigated an off-the-shelf deep
learning model. This model was implemented with CNN
using Nvidia Jetson Nano which is implemented in an end-
to-end system. Specifically, the research is based on the use
of the Softmax activation function for steering angle
estimation and classification instead of the traditional
regression model.

In our study, Webots simulation environment which is an
open learning platform was used. Visual data were obtained
by driving in the simulation environment. The deep learning
model was trained with the images obtained from the on
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board-camera of the wvehicle. The steering angle was
estimated in the range -1 to 1, where negative angle means
left turn, 0 means straight going and positive angle means
right turn. The vehicle was driven manually for one full lap
on different tracks and data was collected from the on-board
camera and steering angles. The autonomous feature of the
vehicle is based on deep learning modeling. While training
the model, three different optimizers were tried and different
filters were applied. The MSE and accuracy values were
used to evaluate the results. As a result of deep learning
training, vehicle driving was monitored in a simulation
environment and successful results were obtained.

II. MATERIALS AND METHODS

A. Webots Simulation Environment

Webots is an open source simulation environment used for
the development and testing of robotics and artificial
intelligence applications. Webots simulates different types
of robots and sensors in real world conditions. Webots uses
different programming languages (C, C++, Python, etc.). In
this way, by coding the autonomous program and processing
the sensor systems, it is possible to define how the
autonomous vehicle should behave.

Figure 1: Autonomous vehicle that changes its path
when it sees a human community.

Figure 2: Autonomous vehicle that sees motorizedvehicles
and cats and changes course.

Figure 1 and Figure 2 show two sample images of the
driving scenarios designed in the Webots environment for
our study.
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B. Data Collection

Behavioral cloning was used to capture human car driving
and the situation leading to the action. These recordings
were used as input to the deep learning model. The vehicle
was driven manually in the designed environment. The
camera in the vehicle captured images throughout the drive.
Four different driving scenarios consists of a track. This is
due to the fact that the vehicle encounters more objects and
is that we prefer a driving simulation that is closer to life.
The first track contains animals encountered in everyday
life, such as dogs and cats. The second track is has a lot of
people. The third track is an obstacle course with road
construction work. The last track is a track with other
vehicles. The vehicle was driven on these four tracks
continuously for a full lap. The drive took approximately 2
minutes. As a result of the driving, 11,931 images and
steering angle values were recorded.

C. Model Architecture

A Convolutional Neural Network (CNN) model was
created using the Tensorflow and Keras libraries. The
designed CNN architecture consists of 5 convolutional
layers and 3 Max pooling2D layers. In order to improve the
classification ability of the model, for the input layer, a
larger filter (7x7) was designed as it can help to detect
features at a higher level. For the next successive layers, a
smaller filter (3x3) was designed as it can help to extract
finer features. Number of neurons in convolution layers was
64,128,128, 256 and 256, respectively. Filter of (2x2) was
chosen for the max pooling2D layers. Figure 3 shows the
CNN model architecture.As shown in Figure 3, a flatten
layer was added to smooth the outputs from the
convolutional layers. Then two hidden fully connected
dense layers are formed with 128 and 64 neurons
respectively. Each of them comes with a ReLU activation
function and a dropout layer. Dropout has been implemented
with a ratio of 0.2 to help reduce overfitting. The last
layer is a fully connected layer with a softmax activation
function for 3 classes. This allows the model to classify
between the various classes. These three classes refer to
going right, going left and going straight. We minimize the
model losses related to classification.

Three different optimizers have been tried for comparison
purposes. These were Sgdm optimizer, Adam optimizer,
Rmsprop optimizer, respectively.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

The designed CNN architecture is coded with Tensorflow
and Keras libraries using Python programming language.
CNN architecture batch size is set to 32 and Epoch amount
to 100. The designed codes were written and trained in
Visual Studio Code environment. For a 2-minute full track
drive, training times (7-8 hours) were approximately the
same for Adam optimizer and sgdm optimizer. The training
took 15 hours for the rmsprop optimizer. The results were
observed in three dimensions in the Webots simulation
environment.

The accuracy values of the designed CNN architecture
were obtained numerically. Filters values were changed and
different optimizers were used to obtain the best results. In
the convolution layers other than the first one, the filters
3x3, 4x4 and 5x5 were applied. The best result was obtained
with the 3x3 filter.
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In the simulation, a smooth lane tracking was observed to
be able to do so. The vehicle's object detection was good,
avoiding collisions for many objects. As a result, our vehicle
realized an autonomous driving with 95,31% accuracy.
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Figure 3: CNN Model Architecture

The Mean Squared Error (MSE) and accuracy values
were used to evaluate the results. Table 1 shows the
experimental results with respect to the accuracy and MSE
values.

Table 1: Experimental results for the optimizers in CNN.

Optimizer Accuracy values MSE values
Sgdm 0,9531 0,3673
Adam 0,9501 0,3976

Rmsprop 0,9526 0,3885

According to the results given in Table 1, the best
accuracy was obtained as 95.31% with Sgdm optimizer. On
the other hand, the accuracy values were 95.01% and
95.26% for the Adam optimizer and the Rmsprop optimizer,
respectively. The MSE values were recorded as 36.73%,
39.76% and 38.85% for Sgdm, Adam and Rmsprop,
respectively. The test values were very close to each other
and the best results were obtained with the sgdm optimizer.
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The second best accuracy and MSE values belong to
Rsmprop optimizer. However, the training duration took
approximately 15 hours for Rmsprop optimizer while it was
approximately 8 hours for Adam and Sgdm optimizers.
After training the CNN with Sgdm optimizer,

autonomous driving was realized with 95,31% accuracy.
The vehicle achieved a smooth lane tracking and avoided
many different type of obstacles as shown in Figure 4.

DO NOT

[——]
ENTER

Figure 4. Collision avoidance of an autonomous vehicle on a
roadworks route.

Figure 4 shows a view of autonomous driving in Webots
environment. In this image, it can be seen that the
autonomous vehicle avoids obstacles on a route with
different obstacles. In Table 2, we made a comparison
between our study and other studies in the literature
according to the MSE values.

Table 2: Comparison of our study with the literature.

Author(s) Simulation Techniques MSE
Environment
Lade et al. Udacity CNNA 0.61
(3]
Bhalla et al. Udacity Resnet50 0.3109
[4] DenseNet201 0.2590
VGG16 0.5303
VGG19 0.3153
Proposed 0.2914
Model
Rosyid et al AirSim BojarskiCNN 0.22
[8] ZhiluChenCNN 0.125
AdsharCNN 0.19
Our Study Webots CNN(Sgdm) 0.3673
CNN(Adam) 0.3976
CNN(Rmsprop) 0.3885
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Table 2 compares the results of this study with other
studies using deep learning algorithms in different
simulation environments used in the literature. Our study
had achieved comparable results with the studies given in
the table. Two of the studies given in Table 2 used Udacity
simulation environment and AirSim was used in another
one. The studies which used Udacity applied many different
deep learning models along with their proposed CNNs. They
observed higher MSE values than our study with some of
the CNN models. The study which used AirSim
environment applied three different CNN models having
smaller MSE values. However, the simulation environment,
the driving scenario and the collected data are different in
each of these studies. Therefore, the MSE values could only
be fairly evaluated if the same simulation environment,
driving scenario and the collected data were used.

With our study, it has been observed that autonomous
driving is possible by avoiding obstacles of very different
nature. As a future work, more complex road scenarios with
different CNN architectures will be tested, including
elements such as traffic lights and traffic signs.
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Abstract - Paraphrase generation is a way of expressing the
same meaning of a text or sentence using different syntax or
words. It is one of the most challenging tasks of natural language
processing due to the complexity and diversity of the language.
However, with the recent progress in deep learning models, more
promising results have been acquired for paraphrasing tasks. In
this study, a pre-trained BART language model was trained both
with English and Turkish paraphrasing datasets. Quora Question
Pairs (QQR), Microsoft Common Object in Context (MSCOCO),
and General Language Understanding Evaluation (GLUE)
datasets were used for English paraphrasing, and for Turkish,
these datasets were translated from English to Turkish using the
Google Translate API. Cosine similarity, Bleu score, Rouge score,
and novelty score metrics were considered for a comprehensive
evaluation of the obtained results. Consequently, the
experimental results show that BART is a successful model for
Turkish paraphrasing as well as English paraphrasing.

Keywords - Paraphrase Generation, Natural Language
Processing, BART, Transformer, BLEU
L INTRODUCTION

In recent decades, Natural Language Processing (NLP) has
become a more prominent topic in artificial intelligence,
especially based on the success of deep learning techniques.
Among many tasks of NLP, such as summarizing text,
answering questions, and generating dialogs, the paraphrase
generation task is considered one of the most important and
challenging tasks. Paraphrase generation is the task of
reconstructing an output sentence while preserving the
meaning of the original input sentence. In other words, if the
two sentences are equivalent in meaning but different in words
and syntax, then they are paraphrases. Paraphrasing can play
an important role in many language understanding and
generation tasks, such as text summarization, machine
translation, article writing, or question answering.

The wunderlying architectures chosen for paraphrase
generation have shown a shift from classical learning
approaches to transformer approaches in recent years, with the
rapid and successful development of the transformers. In
paraphrase generation studies, BART (Bidirectional and
Auto-Regressive  Transformers) [1] stands out among
transformer models with its better performance. BART is a
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seq2seq model with a bidirectional (BERT-like) encoder and
an autoregressive (GPT-like) decoder. A fine-tuned pretrained
BART model can take a text sequence as input and produce a
different text sequence at the output, as it is capable of
learning underlying relationships in the output text with the
various patterns in the input text.

In this study, a transformer-based paraphrasing application
was developed for both Turkish and English. And datasets that
can be used in Turkish paraphrasing studies have been
published. Thus, our study contributed to the limited Turkish
studies in this field
[https://drive.google.com/drive/folders/10OULZFcGW2WF4Yb
8S0J71acFGjRMBssH7?usp=sharing].

The organization of this article is as follows: Section 2
reviews previous studies in related literature. Section 3
describes the techniques used. Section 4 covers datasets and
the applied model. Finally, Section 5 discusses the conclusion
and the future work.

1I. RELATED STUDIES

The concept of paraphrase generation is a new and very
common research topic in the field of natural language
processing (NLP). With the successful applications of deep
learning models in the field of text generation, it is observed
that the use of paraphrasing has increased, especially in fields
such as writing scientific articles. It can also play an important
role in language comprehension tasks such as answering
questions, machine translation, and semantic parsing, and is a
good way to augment data [2].

With the advances in transformer based language models, the
number of text generation studies have been increased [3]. Z.
Li et al. [3] proposed an approach for paraphrase generation
using reinforcement learning. They combined the Seq2Seq
model with the reinforcement learning component for
paraphrase generation and generated a fluent and semantically
similar text to the original sentence. One of the main
challenges in text generation studies is the validity of
evaluation methods. When the relevant literature is examined,
it has been observed that cross-entropy is used to measure
semantic similarity in paraphrase generation. However,
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Ranzato et al. have suggested using word-based measures such
as BLEU [4] and ROUGE [5].

Ganitkevitch et al. [6] created a database called PPDB for
synthetic data generation. More than 220 million description
text pairs have been created for the English language. It has
also been proposed for producing poetry in the style of
Shakespeare, Whitman, or Cummings using existing language
models. Badura et al. [7] have developed a system they call
Bhairon that produces poems in the style of William
Shakespeare, Walt Whitman, or Edward Estlin Cummings
with a user-supplied first line. They fine-tuned the GPT-2
model, using each poet's work as training data. The system
provides the ability to "translate" the user's input to
Shakespearean style using the style transfer approach. For this
task, they used the T5 model. They evaluated the experimental
results with a collective BLEU score for 1-grams, 2-grams,
3-grams and 4-grams. In another study, a model called Latent
Bag of Words was presented to re-express the texts with the
same meaning. In that model, a Bag of Words vector is created
for the input text. Then, the resulting vector was combined
with the latent component to create a better text generation
function [8]. Yufei Wang et al. [9], compared the success rates
of the pre-trained BART language models in the Paraphrase
generation task when the models are fine-tuned with different
datasets. They concluded that the BART language model is
better than other language models when evaluated under
different datasets and test methods. In an approach called
controlled paraphrase generation, a specific meaning is
targeted for a sentence. For this purpose, a syntactic example
is used to rewrite the sentence. A text with a similar structure
is taken and rewritten in a way that does not distort the
meaning of the text [10]. In the study by P. Xu and V. C. Ng
[16], a method for paraphrase generation, which focuses on
rewriting a text with a different expression while preserving its
meaning, is proposed using a machine translation model that
translates the original sentence into the target language. They
aimed to use a different expression while preserving the
meaning in the source sentence. The performance of their
method was evaluated by testing it on different language pairs
and different datasets, and it was concluded that it can be used
in paraphrase generation and the large datasets provided by
language translation models can be used for this purpose. The
studies on paraphrase generation have shown that fine-tuned
BART models with different datasets outperform other
language models in the paraphrase generation approach. Bagci
and Amasyali [16] compared mT5, mBart, and BERT2BERT
models for Turkish paraphrasing, and they found that MBart is
the most successful model according to BLEU and Rouge
metris. Alkurdi et all. [17] presented a method to create
paraphrase datasets and fine tuned the pre-trained
encoder-decoders such as mT5 and trBART on their datasets.

I11. MATERIALS AND METHODS

A. Datasets

We conducted experiments on Quora Question Pairs (QQR)
[19], Microsoft Common Object in Context (MSCOCO) [20]
and General Language Understanding Evaluation (GLUE)
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[20] datasets, which are frequently used in paraphrase
generation. The QQR dataset, that matches users' questions
and similar questions, consists of more than 400,000
question-answer pairs. MSCOCO, which is frequently used in
the Paraphrase Generation literature, is an image dataset with
multiple annotations. By including tasks with limited training
data, the GLUE dataset is designed to encourage models that
share general grammar across tasks. GLUE also includes a
handcrafted diagnostic test suite that provides detailed
linguistic analysis of models [10]. As it is known, these 3
datasets have been prepared for the English language. In order
to be able to work for the Turkish language, these datasets
were translated from English to Turkish using google translate
api. In this way, three labeled Turkish datasets that can be used
in text generation studies such as paraphrase generation were
obtained and presented to the use of researchers. In our study,
QQR, MSCOCO, and GLUE datasets were used to fine-tune
the BART model.

B. Transformers

In recent studies, transformers based on self attention blocks
[21] have started to dominate the research field as state of the
art networks, especially for Seq2Seq models. The main reason
for this can be summarized as follows, whereas recurrent
models such as LSTM [22] have the ability to use sequential
text processing over time, transformers have the ability to
parallelize text processing. Through the attention mechanism
[23], transformers suffer less from the long-term dependency
problem than LSTM networks, as the information at the
beginning of the sentence is equally well represented in the
context vector, especially for long sentences. Another obvious
contribution of transformers is that the effectiveness of
pre-trained language models such as BART [24] comes to the
fore with transformer structures. As demonstrated in the
related literature, we use the BART model in our experiments
due to its superiority in paraphrase generation.

C. BART

BART is a noise canceling autoencoder for pretraining
sequence-to-sequence models. It gives satisfying results when
fine-tuned for particular text generation tasks. The working
structure is to reconstruct the original sentence by disrupting
the sentence given with the noise function. It uses a standard
transformer-based neural architecture such as BERT
(bidirectional encoder) and GPT in the background. It distorts
the actual sentence, i.e. randomly shuffles it among itself, and
evaluates a series of noisy approximations by filling sentence
openings with a single mask symbol. The architecture of it is
built with a bidirectional encoder and a Auto-Regressive
decoder. Six layers are used in the encoder and decoder in the
model. In the Large-BART model, 12 layers were used. BART
contains 10% more parameters in total than the BERT model
of similar size [11]. To improve the performance of a
pre-trained BART model, it can be fine-tuned by feeding it
with different datasets. In order to fine-tune the dataset, it is
necessary to create a dataset and perform data preprocessing
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steps on the dataset. Then the model and training parameters
are adjusted and fine-tuning is continued.

D. Evaluation Metrics

We made a comprehensive assessment by using different
evaluation metrics such as Cosine similarity, BLEU and
Rouge scores. Cosine similarity is one of the popular
evaguation metrics in various natural language processing
tasks such as text generation. The cosine similarity focuses on
the similarity between two points based on the angle between
the two vectors. It is also used to determine word overlap in
different text segments. The BLEU score is used as an
evaluation measure usually in machine translation and text
generation tasks. It has been observed in the literature that the
BLEU score correlates quite well with human judgments [12].
The BLUE score takes into account the match between the
target annotations and the generated texts, taking into account
n-gram combinations [13]. The Rouge score is a widely used
metric to measure the similarities between texts.
ROUGE(Recall-Oriented Understudy for Gisting Evaluation)
is based on the number of words and n-gram associations
between output texts and reference texts. It also has
sub-dimensions such as ROUGE-L, ROUGE-N and
ROUGE-S. ROUGE-N evaluates by looking at the
commonality of n-grams between texts in natural language
processing tasks. ROUGE-S performs similarity assessment at
sentence level. ROUGE-L, on the other hand, makes
calculations using the longest common sub-sentence/index
[14]. Novelty Score is a rating metric used to measure the
proportion of new and original words in the generated text
relative to the reference text. This metric is commonly used in
artificial intelligence technologies such as NLP and
computerized language modeling (CLM). A higher novelty
score means that the generated text contains different word
and sentence structures from the input text content.

Iv.

In this study, different methods have been tried for
paraphrase generation in Turkish language. First of all, Quora,
MSCOCO, GLue datasets were translated from English to
Turkish with google translate api in order to fine-tune Turkish
datasets. Then, it was fine-tuned with BART, the transformers
model published by Facebook on hugging face. The fine-tuned
BART model was trained according to the parameters shown
in Table 1.

EXPERIMENTS

Table 1: Training configuration of BART models

Epoch 5

Batch Size 64
Learning Rate Se-5
Max Lenght 128
Max Seq Lenght 128
Early Stopping True

The datasets were fine-tuned in two different ways, in
English and Turkish, and the evaluation of the English and

E-1ISBN: 978-975-448-240-9

Turkish paraphrasing results according to the Cosine, BLEU,
ROUGE, and Novelty scores are given in Table 2 and Table 3

respectively.

Table 2: English paraphrasing results

Model Cosine BLEU ROUGE- Novelty
L
Quora 0.95 0.72 0.87 0.17
MSCOCO 0.46 0.29 0.47 0.61
GLUE 0.93 0.80 0.90 0.22

Table 2 shows the fine-tuned BART model results on 3
different English datasets. Considering the results, it is
realized that with the Glue dataset, more successful results
were obtained due to the other two datasets. And also
approximate performance values were obtained with the quora
dataset. Although it is observed that lower Cosine, BLEU, and
ROUGE scores were obtained with the COCO dataset, the
highest novelty rate was obtained with this dataset. The lower
novelty score acquired for the Quora dataset shows that the
BART model for this dataset was not successful in generating
novel words, although it produced sentences similar to the
reference sentences in that dataset.

Table 3: Turkish paraphrasing results

Model Cosine BLEU ROUGE- Novelty
L
Quora 0.92 0.79 0.85 0.24
MSCOCO 0.46 0.66 0.80 0.33
GLUE 0.89 0.69 0.81 0.33

When the results in Table 3 are examined, it is observed that
the performance rate of the BART model, which was
fine-tuned with the Quora dataset, is higher than the other
datasets. For this dataset, the performance of Turkish
paraphrasing is close to the performance of English
paraphrasing. Besides, while the novelty score is 0.17 for
English paraphrasing, it is 0.24 for Turkish. This shows that
the BART model can generate sentences with more novel
words in Turkish than in English. While a similar situation
was seen in the Glue dataset, the novelty score for the COCO
dataset decreased from 0.66 to 0.33. However, for the COCO
dataset, Cosine, BLEU and ROUGE values for English
paraphrasing were observed to be lower, while all of these
performance values were higher for Turkish. Considering all
these determinations and evaluations, it is concluded that the
BART model is effective in paraphrasing tasks for Turkish as
well as English.

For the qualitative analysis, example Turkish paraphrasing
sentences are given in Table 4. The words in generated
sentences which are different from the reference sentence
words are highlighted.

Table 4: Example Turkish paraphrasing sentences

Reference | Jalari, Hindistandaki Hamirpur kdylerinden
Sentence-1 | biridir.

Generated | Jalari, Hindistandaki Hamirpur kdylerindeki
Sentence-1 | Hindistanin kaptan bélgesinden biridir.
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