4 IZMIR '
KATIP CELEBI
UNIVERSITY

Bildiriler Kitabi | Proceedings Book

ll. Uluslararasi Yapay
Zeka ve Veri Bilimi IZ%AZI;A
Kongresi _

Online




Il. Uluslararasi Yapay Zeka ve Veri Bilimi Kongresi (ICADA 2022), 17-18
Haziran 2022 (Online)

2nd International Congress on Artificial
Intelligence and Data Science

Proceeding Book

2. Uluslararasi Yapay Zeka ve Veri Bilimi
Kongresi

Bildiriler Kitabi

Editorler/Editors

Prof. Dr. Aysegiil ALAYBEYOGLU
Doc. Dr. Aytug ONAN



iZMIR
KATIP CELEBI
UNIVERSITESI

Izmir Katip Celebi Universitesi Yaymn No: 25

Bu eserin, izmir Katip Celebi Universitesi Yonetim Kurulu’nun 09.08.2022 tarih ve 2022-29
say1l1 toplantisinda alinan 25 karar1 uyarinca, elektronik kitap olarak yayimlanmasina karar
verilmistir.

Her hakki saklidir.

© izmir Katip Celebi Universitesi Yayinlar
2022

Sertifika No: 46629

Editorler: Prof. Dr. Aysegiill ALAYBEYOGLU
Dog. Dr. Aytug ONAN

ISBN: 978-605-70737-4-7

International Congress on Artificial Intelligence and Data Science (l1. : Izmir : 2022)

2nd International Congress on Artificial Intelligence and Data Science Proceeding Book,
17-18 June 2022 = 2.Uluslararas1 Yapay Zeka ve Veri Bilimi Kongresi Bildiriler Kitabi, 17-
18 Haziran 2022 / Editors/Editorler: Aysegiil Alaybeyoglu, Aytug Onan. -- Izmir : Izmir
Katip Celebi Universitesi, 2022.

Cevrimici (127 sayfa : sekil, tablo ; 26 cm.). -- (Izmir Katip Celebi Universitesi; Yayin
No: 25)

ISBN: 978-605-70737-4-7
1. Yapay Zeka — Kongreler 2. Veri Bilimi — Kongreler
I. Alaybeyoglu, Aysegiil — Il. Onan, Aytug

Adres . Izmir Katip Celebi Universitesi Rektorliigii, Balatgik Yerleskesi, 35620 Cigli
[zmir, Tiirkiye

Telefon : +90 232 329 3535/ 1255 E-posta : ykb@ikc.edu.tr

Belge-gecer : +90 232 386 0888 Web . ykb.ikc.edu.tr

Eserin hukuki ve etik sorumlulugu yazarlara aittir. Tlim haklar1 saklidir. Bu kitabin
yayin hakki Izmir Katip Celebi Universitesi’ne aittir. izinsiz kopyalanamaz ve ¢ogaltilamaz.



Il. Uluslararasi Yapay Zeka ve Veri Bilimi Kongresi (ICADA 2022), 17-18
Haziran 2022 (Online)

Icindekiler/Contents

Page/Sayfa
Invitation/Davet 5-6
Committees/Kurullar 7-9
Congress Program/Kongre Programi 10-13
Proceeding Papers/Tam Metin Bildiriler 15-127



Il. Uluslararasi Yapay Zeka ve Veri Bilimi Kongresi (ICADA 2022), 17-18
Haziran 2022 (Online)

Dear Colleagues and Participants;
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on Artificial Intelligence and Data Science, which will be held online between
17-18 June 2022, hosted by Artificial Intelligence and Data Science
Application and Research Center of Izmir Katip Celebi University. The main
topics of our congress are the new methods developed in the field of
artificial intelligence and the systems developed for the application of
artificial intelligence in many different areas such as health, engineering,
education, law, marketing and finance, textile, city and regional planning
National and international speakers will be included in our Congress for
which we organize to increase interaction and communication, to cooperate,
to act together, to share knowledge and experience by bringing together
researchers, industrial organizations, public institutions and organizations
working in the field of artificial intelligence and data science. Oral
presentations will be made on topics related to all areas of artificial
intelligence. We hope to see you among us at the 2nd International Congress
on Artificial Intelligence and Data Science, which will be enriched with your
participation, and thank you in advance for your valuable contribution and
participation.

Prof. Dr. Aysegiil Alaybeyoglu

Chair of the Congress
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Ensemble Learning Based Classification of Infected and Uninfected Cells
Fatma Giinseli CIKLACANDIR ', Samet CIKLACANDIR 2, Semih UTKU 3
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Abstract

Malaria is a disease in which diagnosis and treatment are important, and a waste of time and misdiagnosis can
result in death. For this reason, studies for systems that will help the specialist to evaluate the patients has been
started. In this study, six different approaches are used for feature extraction, namely discrete cosine transform,
principal component analysis, gray level co-occurrence matrix, local binary patterns, ResNetl8 and
GoogLeNet. The extracted features are classified with Adaboost based on ensemble learning. In the study, in
which six different metric results, namely accuracy, sensitivity, specificity, F1 score, time, and accuracy/time,
were presented, the approach that performed the best feature extraction for the problem addressed was
investigated.

Keywords: Malaria; classification; ensemble learning.

1. Introduction

Health is the greatest gift given to us. Malaria is one of the most dangerous diseases for human health [1]. It is
a disease caused by five different Plasmodium species: P.falciparum, P.malariae, P.ovale, P.knowlesi, and
P.vivax. P.falciparum poses the greatest threat to humans [2]. However, all species have the potential to cause
significant illness and death. This disease manifests itself with symptoms such as fever, vomiting, chills, sweating
and weakness after an average of 7 days of incubation period. Early diagnosis and treatment are important to save
the patient's life. Therefore, the diagnosis stage of the disease is important. Diagnosing individuals with the
diseases as healthy causes the diseases to progress, while diagnosing healthy individuals as sick causes them to
be exposed to side effects of drugs due to unnecessary drug use.

With the development of technology, there is an increasing trend in the demand for automated systems.
Automated systems have advantages in terms of diagnostic reliability and cost. These systems are less likely than
human-based estimations to be incorrect. However, considering the possibility of even a low probability when it
comes to human life, full automation is not recommended, especially in the field of health. It is recommended to
start the appropriate treatment after the decision of the designed system is approved by a specialist.

When the past studies are examined, it is seen that the studies carried out in recent years are generally based
on convolutional neural network (CNN). Loh et al. [3] developed Mask R-CNN, which performs classification in
a shorter time and with higher accuracy (82%) compared to human-based diagnosis. Cinar and Yildirim [4]
compared the performances of six different CNN methods (AlexNet, Resnet50, DenseNet201, Vgg19, GoogleNet
and Inceptionv3). In addition, the effects of two different filters (medium and gaussian) were investigated. As a
result of the study, it is seen that the best results were obtained (97.83%) when DenseNet201 was applied to
gaussian filtered images. Liang et al. [5] developed a model based on 16-layer CNN. The developed model
performed better than transfer learning (97.37%). Sriporn et al. [6] obtained the most accurate results (99.28%)
when they combined Nadam and Mish with Xception in their studies testing different optimizers, activation
functions and methods. Dong et al. [7], when testing LeNet-5, AlexNet, GoogLeNet and SVM on their own
datasets, it is seen that CNN-based models classify data with over 95% accuracy, while classification is performed
with approximately 92% accuracy when using SVM.

In this study, an investigation has been carried out on the performances of various feature extraction
approaches. In feature extraction, CNN-based approaches and non-CNN-based approaches are compared.
Classification was carried out with Adaboost which is based on ensemble learning.

2. Materials and Methods

2.1. Data set

In this study, a dataset containing malaria cell images from Kaggle [8] was used. It contains a total of 27.558
images, of which 13.779 are infected and 13.779 are not (Figure 1).

(ICADA’22) 2nd International Conference on Artificial Intelligence and Data Science June 17-June 18, 2022

Izmir Katip Celebi University

Izmir, Turkey
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(a) (b)
Figure 1. Samples from dataset (a) Uninfected samples (b) Malaria infected samples

2.2. Feature extraction methods

Six different approaches were used to extract features in the study. The first four approaches (discrete cosine
transform, principal component analysis, gray level co-occurrence matrix, local binary patterns) are based on
statistical measurements, while the last two approaches (ResNet18, GoogleNet) are based on CNN.

Discrete cosine transform (DCT) and Discrete Fourier Transform (DFT) are similar [9]. DCT gives the
frequency domains of images. If the image has a high frequency component, it is understood that these pixels
contain any defects. The two-dimensional DCT of the image is calculated as in Equation (1), with A(x,y) being
an input image of size MxN. The coefficients C(m) and C(n) in the equation are taken as 1/4/2 when m and n
are zero, and 1 in other cases.

T(m,n) = 7o C(m)C(n) =3 TNZ3 ACx, y)cos

Principal Component Analysis (PCA) is the process of reducing a large number of connected variables to a
smaller number of new variables that do not have any correlations. In this method, where the image matrix is
taken as an input, the average of all the elements in the matrix is found. Then, the average is subtracted from each
element. After calculating the eigenvalues and eigenvectors with the help of the covariance matrix, the PCA vector
is obtained.

The Gray Level Co-occurrence Matrix (GLCM) is based on statistical measurements [11]. Four different
statistical GLCM properties (contrast, correlation, energy, homogeneity) were used in the study (Table 1). M is a
gray level image matrix with each (i,j) pixel value between 0 and 255. Contrast value calculates local variations
in M. The correlation value calculates the linear dependence in M. In the equation, o is the standard deviation and
u is the mean. The energy value is the sum of the squares of the elements in M. The homogeneity value gives the
homogeneity of M.

n(2x+1)m cos t(2y+1)n (1)
2M 2N

Table 1. GLCM.

Contrast ZH —JjIPM@, )
ij
. (=p)G =M@ J)
Correlation .
ij v
Energy Z M(i, j)?
ij

. M@, j)

Homogeneity THli—J|
ij

Local binary patterns (LBP) perform an assignment according to the result obtained by comparing the center
pixel with the surrounding pixels in the 3x3 neighborhood of the pixel for each pixel in the image [12]. Equations
used in feature calculation using LBP are given in (2) and (3). g,, is the gray value of the center pixel, and gjis
the value of the center pixel's neighbors. P is the total number of neighboring pixels and R is the neighborhood
radius.

LBPpg = Zfz_ols(gk — 9m)2P ()

(ICADA’22) 2nd International Conference on Artificial Intelligence and Data Science June 17-June 18, 2022
Izmir Katip Celebi University
Izmir, Turkey



1,x=0
st = {O,x <0 )

There are many different types of deep learning architectures created by increasing the number of layers in
artificial neural networks. Convolutional Neural Network (CNN) is one of these architectures. CNN is a multilayer
artificial neural network model built specifically for computer vision applications. It is an approach that provides
higher performance than other classification methods. ResNet18 [13] and GooglLeNet [14] approaches used in
this study are pre-trained CNN-based approaches. In order for the input images to be processed in these two
approaches, the images must be 224x224 in size. Taking its name from the words 'Residual Network', ResNet18
has 18 convolution layers. The inception modules used in [14] have made GooglLeNet deeper.

2.3 Classification

Ensemble Learning (EL) is a method for classification based on predictions from multiple classifiers. It uses
the knowledge of multiple classifiers simultaneously to apply the result of each classifier by consensus. This
method outperforms a single classifier in most cases. The fact that the errors of the classifiers are different from
each other improves the ensemble classification performance. Different subsets of the training dataset are used to
obtain the differences in the predictions of the classifiers. Predictions from trained networks must be combined to
arrive at a final result. The choice of the correct coupling approach for the predictions has a great influence on the
classification performance in the ensemble learning method. There are many ensemble learning approaches based
on assembly procedures, sample selection for the training dataset, and processing processes. Bagging, boosting
and voting are three of these approaches [15]. In this study, Adaboost algorithm, which is an increment-based
classifier, was used.

3. Experimental Results

In this study, all methods (DCT+EL, PCA+EL, GLCM+EL, LBP+EL, ResNet18 + EL, GoogleNet + EL)
were compared in terms of six metrics: accuracy, sensitivity, specificity, F1 score, time, and accuracy/time (Table
2). In the study, 5-fold cross validation was preferred as the validation method. Since the classifiers are the same
in all methods, it can be said that the success rates obtained show the success rates of the approaches used for
feature extraction. According to these results, it is seen that the most successful feature extraction approach is
GooglLeNet with 92.91% accuracy. In feature extraction with ResNet18, results were as successful as GoogLeNet
(92.74%). When classified with EL, the method with the worst success was DCT+EL with an accuracy rate of
56.50%.

Table 2. Classification Performance

Method Accuracy Sensitivity Specificity F1

DCT+EL 56.50% 56.36% 55.19% 54.33%
PCA+EL 62.10% 65.88% 59.83% 44.92%
GLCM+EL 66.60% 73.69% 62.74% 60.65%
LBP+EL 77.90% 80.41% 75.75% 76.93%
ResNet18 + EL 92.74% 93.74% 91.79% 92.66%
GoogLeNet + EL 92.91% 92.82% 92.59% 92.70%

In Table 3, a new metric is given in addition to the completion times of the methods used. Due to the use of
the same classifier in the methods, the time metric varies depending on the feature extraction approach used. In
order to embody this, the accuracy/time ratios of the methods were also examined.

When comparing two methods that terminate in different times and have the same accuracy rate, the method
that terminates in a shorter time should be preferred. Because one has a higher accuracy/time ratio. As the
completion time increases, the accuracy/time ratio decreases. The GLCM+EL method, which has an accuracy of
66.60%, is the method with the highest accuracy/time ratio (170.77). However, the success rate of this method is
quite low, especially compared to ResNet18 and GooglLeNet. From this, it is concluded that Table 2 and Table 3
should be compared together and the best method should be chosen. Considering the malaria disease discussed in
the study, a few minutes delay in diagnosis may not be fatal for the patient, but a misdiagnosis that will mislead
the specialist carries a fatal risk. Therefore, methods with high accuracy are more preferable in problems where
time is not the first priority.
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Table 3. Comparisons based on time.

Method Time Accuracy/Time
DCT+EL 3.98 min 14.20
PCA+EL 1 min 62.10
GLCM+EL 0.39 min 170.77
LBP+EL 0.84 min 92.74
ResNet18 + EL 9.92 min 9.35
GoogLeNet + EL 11.42 min 8.14

4. Conclusion

Six different methods (DCT+EL, PCA+EL, GLCM+EL, LBP+EL, ResNet18 + EL, GoogleNet + EL) were
examined in this study, which was designed to help experts in order to prevent time loss in the diagnosis of malaria
parasite, where time is important. While classification in all methods is performed with Adaboost, which is an EL
algorithm, feature extraction methods are different. All 27,558 different images in the dataset were used in the
study, in which the performances of four different non-CNN-based approaches (DCT, PCA, GLCM, LBP) and
two different CNN-based approaches (ResNet18, Googl.eNet) were investigated.

Methods were compared using metrics of accuracy, sensitivity, specificity, F1 score, time, and accuracy/time.
According to the experiments, when this data set is used, it has been observed that the feature extraction with
CNN-based approaches gives results with an accuracy rate of over 92%. However, CNN-based feature extraction
has its advantages as well as disadvantages. In this study, when using CNN-based approaches, it is seen that these
approaches are disadvantageous in terms of time while performing classification with high accuracy.
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SMART WEB UNIVERSITY SYSTEM FOR PEOPLE WITH DISABILITIES:
CASE OF iZMiR KATIP CELEBI UNIVERSITY
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Ozet

Bu caligmanin amaci gérme engelli bireylerin {iniversite web sayfalarinda diger engelsiz kullanicilarla esit
erisilebilirlik faaliyetlerini gdsterebilmesini saglamaktir. Bu kapsamda izmir Katip Celebi {inversitesi web
sayfasina (https://ikc.edu.tr) kullanicilarin sesle iletisime gegecegi sesli asistan 6zelligi eklenmistir.
Kullanicilar sesli olarak tiniversitenin alt sayfalarma erisebilmekte; sayfalar igerisindeki duyurulari,
etkinlikleri ve haberleri yine sesli komutlarla sonrasinda dinleyebilmektedirler. Bu islemlerin hepsi sistem
iizerindeki dinamik yapilardir. Sabit veriler {izerinden degil sistemin editorlerinin giincel olarak girdigi
bilgilerin sesli doniisiimleri yapilmaktadir. Sisteme eklenen sesli asistan sesli olarak verilen komutlar
algilayabilmekte; sistemde bulunan yazi igeriklerini kullaniciya sesli olarak donmektedir. Sesi algilamada bu
yaklagimlarda en ¢ok kullanilan algoritmalardan olan Long Short-term Memory Recurrent Neural
Networks(LSTM-RNN) kullanilmigtir.

Anahtar Sézciikler: Derin 6grenme, Konusma Tanima ),LSTM (Uzun Kisa Siireli Bellek),RNN (Yinelemeli
Sinir Ag1).

Abstract

The aim of this study is to enable visually impaired individuals to show equal accessibility activities with other
non-disabled users on university web pages. In this context, a voice assistant feature has been added to the
Izmir Katip Celebi University web page (https://ikc.edu.tr) with which users can communicate by voice. Users
can access the sub-pages of the university by voice; afterwards, they can listen to the announcements, events
and news within the pages with voice commands. All of these processes are dynamic structures on the system.
Voice transformations of the information currently entered by the editors of the system are made, not through
fixed data. The voice assistant added to the system can detect voice commands; the text content in the system
is returned to the user audibly. Long Short-term Memory Recurrent Neural Networks (LSTM-RNN), which is
one of the most used algorithms in these approaches, is used to detect sound.

Keywords: Deep Learning, LSTM (Long-Short Term Memory), RNN (Recurrent Neural Networks), Speech
Recognition.

1. Giris

Iletisim, duygu, diisiince veya bilgilerin akla gelebilecek her tiirlii yolla baskalarina aktarilmasi, bildirisim,
haberlesme, komiinikasyon olarak tanimlanmaktadir ki iletisimin en biiyiik aract da konusma olarak kabul edilir
[1, 2].

Aile ve Sosyal Hizmetler Bakanligi’nin Ulusal Engelli Veri Sisteminde 2.6 milyon vatandas bulunmaktadir.
Sistemde gérme engelli kisi sayis1 215 bin 76’dir [3]. Gorme engellilerin dijital ortamda engelsiz bireylerle ayni
yetkinliklere ve kullanim kosullarina sahip olmalari amaglanmalidir. Sosyal sorumluluk g¢ergevesinde bu
kapsamda yapilan ¢alismalar oldukca 6nemlidir.

Milli kiitiiphanenin saglamis oldugu konusan kitaplik sayesinde okunan kitaplarin kaset ve cdlere kaydedilmis
ve gorme engelli bireylerin kullanimina sunulmustur.[4] Hacettepe liniversitesinde engelli bireyler i¢in acilan
bilgisayar laboratuvarinda 2 adet bilgisayara kurulan JAWS 7.10 ve GVZ programlar1 sayesinde ekran okumasi
saglanmaktadir [5]. Gelistirilen mobil ydn yardim cihazi ile GPS yardimiyla Gazi Universitesi Kampiisii
igerisinde sesli yon bulma islemi ger¢eklesmistir[6]. Gorme engellilere bilgisayar egitimi veren web uygulamasi
sayesinde engellilerin 6grenime katki saglanilmas1 amaglanmis 6grenim tarafinda basarili olunmus fakat egitim
i¢in saglanan kaynaklarm eksikligi gozlemlenmistir[7]. AB’nin finanse ettigi Hayat Boyu Ogrenme programi
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kapsaminda gelistirilen Dicomp Transfer Projesi ile gorme engellilerin Office uygulamalar1 ve genel internet
kullanimi alanlarinda basarili sonuglar elde edilmistir [8]. [9]’da Microsoft isletim sistemi lizerinde ¢alisabilen
dikteapi’yi kullanan sesi analiz edip mail gonderimi yapabilen uygulama gelistirilmistir.

Caligmanin devaminda gorme engelli bireylerin sesle iletisim kurabildigi liniversitemiz web sayfasi dijital
ortaminda konusmasinin optik kelime karsiliginin tespiti sonrasinda komut olarak algilanmasi ve sonrasinda da
konugma olarak cevap verilmesi veya komut sonucunda islem yapilmasi siireclerinde kullanilan yontemlerinden
bahsedilmis ve sistem ara ylizlerine yer verilmistir.

2. Sistem Alt Yapisi ve Yontemler

2.1. Saklh Markov Modeli

Sakli markov modeli iilkemizde ve diinyanin bir ¢cok bdlgesinde konusmadaki zaman bazinda degisikliklere
ugramasindan dolay1 en ¢ok tercih edilen modeldir.

P(Xt=j|Xt—1=i) olarak formulize edilir. t zaman1 x degiskenleri i ilk konumu j ge¢is sonraki konumu temsil
eder

Xt

1 2 345

1 o1 000

2 l08.1.10

Xt—1 3/0.1 8.1 0
4a10.1.1.7 .1
500001

Sekil 1. Sakl Markov Modeli[10]

2.2. Gauss Karisim Modeli

Gauss Karigim modeli akustik verinin tespitinde 6znitelik katsayilarinin SMM hizalama hesaplarinin tespiti
i¢in kullanilmaktadir.

ikinci Kime

Birinci Kime

Ucglinci Kiime

12 3

Sekil 2. Gauss Karisim Modelif11].

p  kiimenin orta noktasini ¢ ise kesisim noktasini temsil etmektedir. Bunun gibi hizalama olasiliklarini
tahminlemede kullanilan baska bir yontem ise ileri beslemeli derin sinir aglaridir.
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2.3 Yinelemeli Sinir Aglar1 (RNN)

Sirali olarak elde edilen verileri hesaplamak igin iiretilen bir yapay sinir ag1 yaklagimidir. Evrigimli sinir aglart
veriler arasinda uzamsal bir baglam olmasi durumunda ele alinacak bir yapidir. Ayrica evrisimli sinir aglar1 veri
kiimesi olarak biiyiik dagitik yapilarda 6lgeklenebilir ve bu dizileri isleyebilir[12]. Sekil 3 te x girdiyi h ¢iktiy1
temsil etmektedir. A ise islemin tekrarliligin1 géstermektedir.

® ® ® ® ®
I [

oy S S
S 4 & .

Sekil 3. Yinelemeli Sinir Ag1[13].

he = f(he1,%) olarak formulize edilen yapida Ht: Su anki h degerini; Ht-1: Bir 6nceki h degeri ise Xt: su
anki girdi vektorii temsil etmektedir.

Yinelemeli Sinir aglar1 Elman Aglari, Jordan Ag1 ve Uzun kisa vadeli bellek modeli olarak 3 ayr alt grubu
vardir. Konusma tanima yapisinda zaman bazinda degisikliklere ugramasindan dolay1 uzun kisa vadeli bellek
kullanilmaktadir.

2.4. Uzun Kisa Vadeli Bellek(LTSM)

Uzun kisa siireli bellek sinir ag1 elman ve jordan aglarina benzer bir yapiya sahiptir. Farki ise noronlar ile gizli
birimler arasinda bir bellek yapisi igermesidir[14]. Bu bellek yapisina LSTM hiicresi denir.yapisinda zaman
bazinda degisikliklere ugramasindan dolay1 uzun kisa vadeli bellek kullanilmaktadir.

h[ A

4 N\ ¢

® ®
@D
® O
h,_, | [9] o] (@] [q] h
>

J

It
Sekil 4. Uzun Kisa Vadeli Bellek[15].

Bir LTSM hiicresinde (Sekil 4) uzun vadeli durumu ct kisa vadeli durumu ise ht vektorleri temsil etmektedir.
LSTM hiicresinde amag¢ depolanacak ve unutulacak verilerin egitiminin yapilmasidir. ct-1 anindan gelen x
kapisindan geger ve verilerin bir kismi burdan ¢ikarilir sonrasinda ct {izerinden disar1 alinan veri bir sonraki giriste
daha az veriyle igsleme baglamis olur. Elde edilen verilerin bir kopyasi tanjant aktivasyonuna ugrar. Bu kisimda
kisa vadeli durum ht tiretilmis olur.
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3. Gelistirilen Uygulama ve Arayiizleri

P )

n R —— ; . - - a UBYS

iZMIR .
4l <ATiP CELEBI
UNIVERSITESI

FARKINDAYIZ FARKLIYIZ

izmir Milletvekili Binali Yildirim iKGU-MUIS Tirkoloji Arastirmalarn Enstitisi'nd Act

0.
| IKGU i Lzrmar It Milll Egitim MUdUriugu Cug Birkgl Yapacak N ve R
» |

Sekil 5. Uygulama Giris Sayfast.(Izmir Katip Celebi Universitesi Ana Sayfa)

izmir Katip Celebi Universitesi Web Sayfasina gérme engelli bireylerin siteyi rahatlikla kullanabilmeleri igin
sesli asistan eklenmistir. Bu sesli asistan ile kullanicilar klavye yardimiyla sesli olarak iletisime gegebilmekte ve
sistemdeki haberleri duyurular1 ve etkinlikleri dinleyebilmektedir. Sistem {izerinde bulunan diger alt sayfalara
yine ayni1 sekilde sesli komut ile erigebilmektedirler. Alt sayfalarda da yine ayni senaryoyu isletebilmektedirler.

aq UBYS

iZMIR )
KATIP GELEBI
UNIVERSITES]

FARKINDAYIZ FARKLIYIZ

iKGO Mihendislikte Mezuniyet Coskusu

Sekil 6. Uygulama I¢ Sayfasi.(Miihendislik Mimarhk Fakiiltesi Sayfast)

Sistem Html5 standartlarinda ses dinlemesi saglamaktadir. Asp.net MVC ile yazilan uygulamaya kaydi alinan
ses y1gin1 gonderilmektedir. LSTM kullanilarak konusmanin karsiligi tespit edilmekte sistemin cevaplayabilecegi
bir konusma yi1gimi ile karsilasildiysa sesli olarak web sayfasi iizerinden kullaniciya geri doniis saglanmaktadir.
Eger cevaplanamayacak yada anlasilamiyan bir konugma yigini ile karsilasildiysa kullaniciya tekrar sesli aksiyon
verilmesi i¢in cevap doniilmektedir.

4. Genel Degerlendirme ve Sonu¢

Bu ¢alisma kapsaminda gelistirilen yazilim sistemi ile Gorme Engelli bireylerin iiniversitemiz web sayfasinda
sayfalar arasinda rahatlikla konusarak dolasabilmeleri ve sayfalardaki ilgili bilgilere sesli iletim yolu ile
ulasabilmelerini saglayan bir yazilim sistemi gelistirilmistir. Calisma devam etmekte olup, gelistirilen yazilim
sistemini Universitemiz Gorme Engelli 6grencileri tarafindan kullanimini saglayarak, yapilacak olan anket ve
analizler ile ¢aligmanin katkis1 akademik olarak degerlendirilecektir.
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Goriintii Isleme ve Ileri Analitik Yontemler Tabanh Otomatik Makine Durumu

ve Verimliligi Tespit Sistemi
Automatic Equipment Effectiveness and Status Detection System Based on
Image Processing and Advanced Analytical Methods
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Ozet

Uretim endiistrisinde genel ekipman verimliligi (OEE), iiretim siireglerinin takibi ve gelistirilmesi igin gerekli
bir parametredir [Nakajima, 1988]. OEE hesabinin yapilip karar destek sistemlerine baglanabilmesi i¢in
temelde sahadaki iiretim hattinin anlik durumunun saglikli sekilde sayisal hale getirilip verilestirilmesi vardir.
Bu baglamda gelistirdigimiz ¢6ziim, endiistride verimlilik takibi ve veri giidiimlii karar verebilmek i¢in gerekli
olan iiretim hatt1 durumu ve OEE verisinin ideal bir sekilde toplanabilmesine olanak saglamaktadir. Mevcut
cozlimlerde bulunan sorunlar, video goriintii isleme ve derin 6grenme / makine 6grenmesi gibi ileri analitik
yontemler ile agilmistir. Video verilerinde nesne tespiti problemin ¢6zlimii i¢in literatiirde geleneksel goriintii
isleme yaklagimlarini [Dalal, 2005] veya makine 6grenmesi yontemlerini [Felzenszwalb, 2010] kullanan ¢ok
sayida ¢oziim mevcuttur. Son yillarda derin 6grenme yontemleri nesne tespitinde de basarili sonuglar vermistir
[Girshick, 2014]. Bu ileri yontemlerin kullanimi ile sundugumuz ¢6ziimiin yenilik¢i yonii, her tiretim hatti i¢in
farkli olabilecek oriintiileri kendi kendine 6grenen, yani {iretim hatt1 durumunu otomatik kestiren bir sistem
olmasidir.

Anahtar Sozciikler: Derin Qg’renme, Goriintii i§leme, Makine 0g’renmesi, OEE.

Abstract

Overall equipment effectiveness (OEE) is a necessary metric for monitoring and improving production
processes in industry [Nakajima, 1988]. In order to make the OEE calculation properly, one needs to digitize
the accurate data coming from the production line on the shopfloor, which is a challenge itself. The solution
we present provides the accurate collection of production line status and OEE data required for monitoring and
decision making. The problems found in existing solutions are overcome with advanced analytical methods
such as video image processing and deep learning / machine learning. There are many solutions in the literature
using traditional image processing approaches [Dalal, 2005] or machine learning methods [Felzenszwalb,
2010] to solve the object detection problem in the video. In recent years, deep learning methods have also
yielded successful results in object detection [Girshick, 2014]. The innovative aspect of the solution we offer
is that it is a system that learns patterns that may be different for each production line, and automatically
predicts the production line status.

Keywords: Deep Learning, Video Processing, Machine Learning, OEE.

1. Giris

Endiistride bir hattin verimli ve kaliteli liretim yapacak sekilde ¢alisir durumda olmasi, planh ya da plansiz
nedenlerle hat durma siiresinin minimuma indirilmesi ile miimkiindiir. Bu hedefe iiretim hattinin durumunu temsil
eden verilerin dogru bir sekilde toplanmas ile ulagilabilir. Bu noktada, sahadan verinin uygun maliyetle, yaygin
sekilde ve kaliteli (dogru) toplanabilmesi hususlari1 6ne ¢ikmaktadir. Sundugumuz ¢6ziimde, tiretim sahasindaki
makinelerin {iretim durumunu gosteren gorsel isaretler (sinyal kuleleri) goriintii isleme ve makine 6grenmesi

teknolojileri ile yorumlanarak, iiretim hattinin analizini saglayan yapay zeka tabanli bir yazilim gelistirilmistir.
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2. Amacg

2.1. Mevcut uygulamalarin eksiklikleri ve yetersizlikleri

Hat durumu verisinin dogru, ekonomik ve 6l¢eklenebilir sekilde toplanabilmesine engel olan problemler su
sekilde listelenebilir: (1) Maliyet: Piyasada dnerilen mevcut sistemler yiiksek maliyetli cihaz entegrasyonu (6m.
Programmable Logic Controller [PLC] entegrasyonu) gerektirmektedir. PLC entegrasyonu iiretim hattindaki tim
makine bilesenlerine tek tek elektriksel baglant1 yapma ya da yazilim katmaninda her bir makinanin protokoliinii
anlayan uyumlu kars1 yazilhmi gelistirmeye tekabiil eder. Ancak bu sekilde maliyetli entegrasyonlar sonucunda
veri cesitliligi ve kalitesine ulasilabilmektedir. (2) Olgeklenebilirlik: Bir {iretim firmas1 maliyetli entegrasyon
yapsa dahi uygulanan ¢6ziim degisen protokoller, marka model ¢esitliligi diisiiniildiigiinde tiretim hattin1 olugturan
her bilesen makina i¢in sil bagtan tekrar edilmelidir. (3) Veri Kalitesi: Maliyet problemini asmaya ¢alisan
alternatif ¢oziimler ise entegrasyon olmadan bir arabirim vasitasi ile operatorden veri toplayarak hat durumu
hakkinda veri elde edebilir. Ancak insana bagimli operatdr veri girisi hata ve sapmalara agiktir.

2.2. Ortaya konulan ¢6ziimiin amaci

Sagladigimiz “Goériintii Isleme ve Ileri Analitik Yontemler Tabanli Otomatik Makine Durumu ve Verimliligi
Tespit Sistemi”, firmalarinin {retim hattt durumunun, yani OEE verisinin, verimli sekilde toplanabilmesine
olanak saglayan mevcut ¢oziimlerin aksine, maliyet diisiikliigili, 6l¢eklenebilirlik ve veri kalitesi anlaminda 6ne
cikmaktadir. Konvansiyonel yiiksek efor/maliyet/zaman gerektiren PLC entegrasyonu benzeri uygulamalarin
aksine, yenilik¢i olarak “goriintli isleme”, “makine 0grenmesi” (spesifik olarak “derin 6grenme”) yontemleri
kullanilmaktadir. “Ogrenebilen” sistem, operatdr hatalarindan bagimsiz, dlgeklenebilir ve veri giidiimlii karar

sistemlerini besleyebilecek inovatif bir ¢dztimdiir.
3. Materyal ve Yontem

3.1. Endiistriyel iiretim hatlarindan IP kamera ile video bazh veri toplama

Uretim hattinin bulundugu ortama yerlestirilen genis acili, yiiksek ¢oziiniirliiklii IP kamera sayesinde iiretim
ortami siirekli olarak izlenmektedir. Yerlestirilen bu kamera ile {iretim ortamindan elde edilen gergek-zamanli
video verisi, goriintli isleme ve makine 6grenmesi yontemleri kullanilarak iiretim hattinin durumu, 6rn. iiretme
modu, atil durumda durus, ariza kaynakli durus gibi olusan durumlar ve hatti olusturan alt makinelerin durum
tespiti yapilmaktadir.

3.2. Veri etiketleme ve isaret kulelerinin tespiti

Anlamli gorsel isaretin videonun hangi bolgesinde oldugunun saglikli tespiti i¢in, operatdr video kayitlarinda
sinyal kulelerini i¢ine alan ilgi alanlarini (region-of-interest) seyrek araliklarla (6rn. giinde 1 defa) isaretleyerek
(dikddrtgen igine alarak) sisteme veri eklemektedir. Uretilen bu etiketli veri, goriintii isleme ve makine dgrenmesi
temelli ¢oziimlerin gelistirilmesi i¢in kullanilmaktadir. Bu agamada video verisinden sinyal kulelerinin otomatik
tespiti derin O6grenme ile gerceklesmektedir. Tespit edilmis sinyal kulesi ilgi alanlar1 kullanilarak video
cergevelerinden (frame) 151k bilgisi elde edilmektedir. Her sinyal kulesine ait 151k bilgisi zaman-serisine ¢evrilerek
cok-kanall1 zaman-serisi {izerinde makine d6grenmesi/derin 6grenme kullanilarak arizanin {iretim hattinin hangi
makinesinde olustugu belirlenmektedir. Bu ger¢evede sinyal kulelerinin otomatik tespiti i¢in bolge temelli
evrisimsel sinir aglar1 (region-based convolutional neural networks) ve YOLO (You Only Look Once) gibi derin
Ogrenme mimarilerinden faydalanilmistir. Bu mimarilerin problemimize uyarlanmasi i¢in 6grenme aktarimi
(transfer learning) yaklasimi kullanilmis ve mimarilerin ilk katmanlarina ait agirlik degerleri sabit tutularak sadece
son katmanlan etiketli verimiz ile egitilmistir. Derin 6grenme mimarisinin ¢iktisi, video verisinde sinyal
kulelerinin yerlerini belirten ilgi alanlaridir (region-of-interest).

3.3. Hat durumunu temsil eden zaman serisi olusturma

Sinyal kulesi tespiti sayesinde elde edilen ilgi alanlar1 kullanilarak her bir video gercevesinde sinyal kulelerinin
sinyalizasyon/renk bilgisi c¢ikarilmaktadir. Bu amagla ilgi alani i¢ine diisen piksellerin renk dagilimlari renk
histogrami kesigimi (color histogram intersection), renk es-olusum matrisi (color co-occurrence matrix), baskin
renk temsili gibi cesitli goriintii isleme yaklagimlart RGB, HSV gibi farkli renk uzaylarinda kosturulmaktadir ve
en iyi yaklasim kullanilarak sinyal kulelerindeki renkler tespit edilmektedir (Bkz. Sekil 1). Cok-kanall1 zaman-
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serisinden hangi anda hangi makinede ariza oldugunun tespitini gerceklestirebilmek i¢in operator tarafindan
etiketlenmis veriyi kullanarak hem geleneksel makine 6grenmesi yaklasimlarinin hem de derin kalint1 aglar1 (deep
residual networks), uzun kisa-stireli bellek (long short-term memory) gibi verideki zamansal baglantililiktan
(temporal coherence) faydalanan derin 6grenme yaklasimlar1 kullanilmaktadir.

1 T U t Tower 4
“Light ovmri Towe. gn o
’L .ngh( T
| Mk .
| — 0

Al
show: (L4 -n-o.wl)

f.i |
Prediction #: 167
Actual Activity: Run Time & Commercia

Sekil 1. Uretim hatti video kaydindan bir kesit. Hattaki sinyal kuleleri algoritma tarafindan tespit edilmis ayni zamanda
hat durumu kulelerin sagladigi sayisal veri derin 6grenme modeli tarafindan skorlanarak dogru sekilde kesitirilmistir.

3.4. Kullanilan veri seti

Kullandigimiz veri seti iki farkli kategoriye ayrilmaktadir:

Goriintii verisi: Kullanilan video, saniyede 30 ¢erceve olmak iizere toplam 8 saat 56,6 dakikadir. Biitiin
veri seti 32197 gercevedir ([(8*60)+56,6]*60). Kamera hattin makinelerine bagl olan 6 11k kulesini
gozlemleyecek sekilde konumlandirilmistir. Isik kuleleri, 9 saatlik bu video lizerinde, saniyede bir
cerceve Orneklenecek sekilde sirasiyla YOLO ve DeepSORT modelleriyle tespit edilmistir. Takip
edilen kuleler bir renk araliklandirma algoritmasiyla 1 saniye aralikli, 8 saniyelik sliding window
zaman serisine doniistiiriilmiistiir.

Hat Durum Kestirimi I¢in Etiket Verisi: Hat durum kestirimi safhasinda, egitimi ve testi
gergekleyebilmek adina, hat durum etiketleri toplanmistir. Bunun igin, hat operatorlerinden, hattin
durum etiketlerini dogru zamanda, dogru bir sekilde islenmesi istenmistir. Elde edilen veri setinde,
ortalama 25,5 dakikalik aralikli, toplamda 21 farkli hat durumu degisimi mevcuttur.

4. Bulgular

4.1. Makine 6grenmesi uygulamalar:

GRU makine 6grenme algoritmasi, veri seti %67 egitim ve %33 test olacak sekilde rastgele boliinerek saha
verisi iizerinde uygulanmistir. Bu baglamda modelin 6greniminde ayarlama yapilan hiper parametreleri soyle
listenebilir: Epoch, Batch Size, Hidden Layer Sayisi, Hidden Layer Aktivasyon Fonksiyonu. Bu hiper parametre
denemeleri sirasinda en iyi sonuglardan birini veren parametre seti de su sekildedir: Epoch: 300, Batch Size: 256,
Hidden Layer Sayisi: 3, Aktivasyon Fonksiyonu: ReLLu. Bu parametre setiyle egitilen modelin testte gosterdigi
performans metrikleri sdyledir: Dogruluk: 0.9809 Duyarlilik: 0.9545. Bu performans: temsil eden karigiklik
matrisi ise Sekil 2A’da goriilebilir. Modelin performansinin bu hiper parametrelerdeki degisimlerden nasil
etkilendigini gézlemlemek amach bir ¢aligma yapilmistir. Sekil 3’de hiper parametre setindeki parametrelerden
her birinin izole degisiminin Dogruluk ve Duyarlilik dl¢iitlerine kars1 grafikleri goriilebilir.
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Sekil 3. Hiper parametre setindeki elemanlarin izole edilmis sekilde Dogruluk ve Duyarlilik él¢iitlerine karsi grafikleri

4. Sonug¢ ve Oneriler

Elde edilen sonuglar 3 ana baglikta toplanabilir: (1) Makine 6grenmesi modelinin video verisi iizerinde gorsel
belirtec ilgi alanlarini tutarli tespiti i¢in yapilan saha uygulamali denemelerde, 6 kulenin minimum 4’tiniin rastgele
secilen 500 gerceve icerisinde tespit edilme orani hedef olarak belirlenmistir. 4 kulenin tespit edilebilmesi aktivite
kestirimi i¢in yeterli oldugundan, nesne tespiti i¢in 4 kule hedef kabul edilmistir. Sonug olarak %90 oraninda
(463/500) basar1 yakalanmistir. (2) Goriintii isleme fazindan ¢ikan zaman serisinin iiretim hatti durumunu tutarlt
kestirimi konusunda, GRU ¢iktilarin1 géze alindiginda %97 gibi oldukga yiiksek bir basar1 oran1 yakalanmstir.
Bu basar1 orani, tiretim hattt durumunun detay seviyede kestirimi i¢in de gecerlidir. Detay seviye kestirimi ile
ilgili ‘etiketleme’ sistemi gelistirilmis, makine dgrenmesi sistemlerinin 6grenmeye calistigi iliski, yani “hat
durumu”-“1g1k kulesi 151k yanma Oriintiisii” arasindaki bagint1 basarili bir sekilde gerceklestirilmistir. Operator
ornegin durus tusuna basip daha sonra karsisina ¢ikan ekranda durus sebebini segebilmekte ve ilgili duruma
“etiket” verisi girilmesi suretiyle detay seviyede kestirime olanak saglamaktadir. (3) Sahada goriilebilecek
olumsuz durumlarin analizi i¢in, goriintii isleme fazindan ¢ikan zaman serisinin kesintiye ugramalarima kars
giirbiizligli (robustness) kontrol edilmigtir. YOLO ve DeepSORT algoritmalarinin kullanarak elde edilen
ciktilarinin sonuglarina gore, %10 seviyesinde ‘noise injection’ uygulanan durumda %95 dogruluk oraninda
basar1 yakalanmistir. Farkli ‘noise injection’ seviyelerindeki basarili oranlari i¢in asagida bulunan Sekil 2B’de
goriilebilir.

Sonug olarak saglanan yontem ve uygulamalar, yliksek basar1 oranlan ile endiistride gelistirilerek, daha az
maliyetli ve teknolojik bir ¢6ziim olarak kullanilabilir.

Referanslar

[1] S. Nakajima, An Introduction to TPM, Productivity Press, Portland, OR, 1988
[2] N. Dalal and B. Triggs, “Histograms of oriented gradients for human detection,” in CVPR, 2005

[3] P.F. Felzenszwalb, R. B. Girshick, D. McAllester, and D. Ramanan, “Object detection with discriminatively trained part-based
models,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 32, pp. 1627-1645, 2010

[4] R. Girshick, J. Donahue, T. Darrell, and J. Malik, “Rich feature hierarchies for accurate object detection and semantic
segmentation,” in CVPR, 2014

(ICADA’22) 2nd International Conference on Artificial Intelligence and Data Science June 17-June 18, 2022

Izmir Katip Celebi University

Izmir, Turkey

27



Makine Ogrenmesi Kullamlarak Diinya Kupasi Miisabakalarmin Analizi
Analysis of World Cup Competitions Using Machine Learning

Berkan YUCE!, Murtaza CICIOGLU 2”, Ali CALHAN 2

! Bilgisayar Miihendisligi, Bursa Uludag pniversitesi, Tiirkiye, 031690066 @ogr.uludag.edu.tr
2 Bilgisayar Miihendisligi, Bursa Uludag Universitesi, Tiirkiye, murtazacicioglu@uludag.edu.tr
® Bilgisayar Miihendisligi, Diizce Universitesi, Tiirkiye, alicalhan@duzce.edu.tr

Ozet

Nesnelerin interneti gibi yeni yaklagimlar ile iiretilen veri miktar1 her gecen giin artmaktadir. Bu ham
verilerden anlamli desenler ortaya ¢ikarmak farkli sektorlere ¢oziimler sunabilmektedir. Futbol sektoriinde de
bu veriler bircok amag¢ i¢in kullanilabilmektedir. Ayrica iiretilen bu veriler de futbolun gelismesine katki
sunabilmektedir. Futbol i¢inde yayincilik, antrenman ve saglik bilimi, yetenek aveiligi gibi birgok alt sektor
birbirleri ile ¢ok yakindan etkilesim halindedir. Futbol mag¢ sonuglarinin tahmin edilmesi, futbolun tiim
paydaslari i¢cin 6nemli bir deger tagimaktadir. Futbol mag tahminleri, izleyicilere daha ayrintili yayin yapan
yayinci kuruluslar, takimlara en dogru oyuncuyu bulmaya calisan yetenek avcilari, dogru taktigi gelistirmeye
caligsan teknik adamlar gibi futbolun her alaninda kullanilmaktadir. Bu ¢alismada, gegmis mag sonuglari,
takimlarin kuvvetleri ve takimlarin diinya siralamalari kullanilarak bir makine O6grenmesi modeli
gelistirilmigstir. Gelistirilen model 2018 Diinya Kupasi’nda oynanan son 16 maga uygulanmis ve yaklasik %70
basar1 gostermistir.

Anahtar Sozciikler: Futbol Ma¢ Tahmini, Destek Vektor Makinesi, Makine Ogrenmesi.

Abstract

The amount of data produced by new approaches such as the Internet of Things is increasing day by day.
Revealing meaningful patterns from these raw data can offer solutions to different sectors. In the football
industry, these data can be used for many purposes. In addition, these data can contribute to the development
of football. Many sub-sectors in football such as broadcasting, training and health science, and talent hunting
are in close interaction with each other. Predicting football match results has an important value for all
stakeholders of football. Football match predictions are used in all areas of football, such as broadcasters that
broadcast to the audience in more detail, talent scouts trying to find the right player for the teams, and technical
guys trying to develop the right tactic. In this study, a machine learning model has been developed by using
the past match results, the strengths of the teams and the world rankings of the teams. The developed model
has been applied to the last 16 matches played in the 2018 World Cup and has achieved approximately 70%
success.

Keywords: Football Match Prediction, Machine Learning, Support Vector Machine.

1. Giris

Internette ve giinliik hayatta iiretilen veri miktarinin artmasi ve bu veriler ile iiretilen katma degerli projeler
bircok sektore ¢oziim sunmaktadir. Futbolda ise antrendrler, futbolcular, yetenek avcilari, yayinct kuruluglar
futbol verileri ile rakip analizi, oyuncu analizi, mag analizi gibi amaclar hedeflenmektedir. Bu amagla gelecekte
oynanacak maglar makine 6grenmesi teknikleri ile tahmin edilebilmektedir. Profesyonel hayatin her alaninda
oldugu gibi futbolda da verilerin etkisi oldukga yiiksektir. Oyuncu antrenmanlar1 verilere gore diizenlenir, teknik
direktorler rakip verilere gore futbol maglarini analiz eder, futbolcular verilerine gore piyasa degerini
arttirmaktadir. Bu nedenle futbolda makine 6grenmesi kullanimi son yillarda yiikselise ge¢mistir. Diinyanin en
onde gelen kuliipleri antrenmanlarinda, magclarda, oyuncu transferlerinde makine Ggrenmesinden
faydalanmaktadir. Bir forvet oyuncusunun attig1 goller, defans oyuncusunun yedigi kirmiz1 kart, topun oyunda
kalma siiresi, sol ayakla atilan goller gibi birbirinden farkli birgok veri tiretilmektedir. Bu verilerden katma deger
yaratmak ise veri analizleri ve makine 6grenmesi algoritmalari ile miimkiindiir.

Makine Ogrenmesi, sistemlerin deneyimleri ve trettikleri veriler yoluyla davranislarinin 6grenilmesi ve
iyilestirilebilen bilgisayar algoritmalarinin incelenmesidir [1], [2]. Makine &grenmesi, istatistik, yapay zeka,
bilgisayar bilimi ve istatiksel 6grenme konularimin kesistigi disiplinler arasi veriden bilginin ayiklanmasi ile
ilgilenen bir alandir. Makine 6grenme algoritmalari, sonucu bilinen 6rnekleri analiz ederek bir karar mekanizmast
olusturan denetimli 6grenme ile 6ncesinden herhangi bir etiket, puan gibi sonuglarin verilmedigi denetimsiz
ogrenme olmak tizere farkli kategorilere ayrilmaktadir [2], [3]. Calismamizda denetimli 6grenme algoritmalari
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kullanilmigtir. Denetimli 6grenme algoritmalarinda girdi ve ¢ikti verileri arasindaki oOriintiiler tespit edilmeye
calisilmaktadir. Bu algoritmalar, verilen girdiler ve c¢iktilar arasindaki iliskiyi tespit etmeye c¢alismaktadir.
Akabinde olusturulan modele daha 6nce hi¢ gormedigi bir girdi verildiginde modelin herhangi bir insan yardimi
olmadan kendi kendine sonu¢ vermesi beklenmektedir. Makine 6grenmesi problemlerinin ¢dziimiinde belli
adimlar takip edilmektedir. Bunlar sirasiyla; problemi tanimlamak, veri toplama, veri diizenleme, 6n isleme, veri
gorsellestirme, modelin egitimi, test islemleri ve model iyilestirmesi olarak siralanabilir. Model olusturma
asamasinda kullanilacak olan metotlar problemin taniminda belirlenen duruma gore sekillenmektedir. Eger aranan
sonug siirekli bir deger ise bu problem regresyon modelleri ile ¢oziiliirken, ayrik degerler ise siniflandirma
modelleri ile ¢dziilmektedir.

Futbol mag sonuglarinin tahmin edilmesi bir siniflandirma problemi olarak ele alinmaktadir [4]-[6]. Bir futbol
turnuvasinda sonuglar, tur atlayan takim ve elenen takim geklinde iki sinifa ayrilabilmektedir. Ancak atilan
gollerin mag basina ortalamasi diisiikk oldugu i¢in (mag¢ basina 2-3) bir oyuncunun anlik hatasi veya dalginligi
nihai sonucu dogrudan etkileyebilmektedir. Bu nedenle, tahmini kolaylastiracak 6zellikleri ve siniflandirma
yontemini se¢gmek biiyiik bir sorundur [4], [7].

Yazarlar [4], futbolun en popiiler etkinliklerinden biri olan Sampiyonlar Ligi {izerinde makine &grenmesi
algoritmalarini kullanmislardir. Maglar sonuglarinin yaklasik %68 dogrulukla yapay sinir ag1 kullanilarak tahmin
edebilecek bir yazilim sistemi Onermislerdir. Yazarlar [5], ma¢ ve oyuncu ozelliklerine dayali olarak futbol
oyunlarmin sonucunu tahmin etmek i¢in makine 6grenimini kullanmiglardir. 2006 ve 2018 yillar1 arasinda
Avrupa'nin en biiyiik bes futbol liginin ve bunlara karsilik gelen ikinci liglerin tiim maglarini igeren bir benzetim
caligmast yapilmis ve Rastgele orman ile %81.26 oraninda dogruluga sahip bir model gelistirilmistir. Futbol
magclar1 i¢in makine 6grenmesi kullanilan birgok ¢aligma bulunmaktadir [4], [7]-[9].

Bu ¢aligmada makine 6grenmesinde kullanilan siniflandirma algoritmalart ile futbol ma¢ sonuglarini tahmin
eden bir makine 6grenmesi modeli gelistirilmistir. Bu modelin amaci; gegmis mag¢ sonuglarma, takimlarin
giiclerine ve diinya siralamalarina bakarak gelecekte oynanacak maglar hakkinda bir tahmin yapmaktir. Yapilan
uygulamanin tiim kaynak kodlar1 i¢in [10] numarali referansta bulunmaktadir.

2. Amac¢ materyal ve yontem

Makine 6grenmesi modelinde kullanilacak 6zelliklerin se¢imi konusunda farkli yaklagimlar bulunmaktadir.
Bunlardan biri, sorun hakkinda (bu durumda futbol maglar1) biraz bilgi sahibi olundugu ve bu bilgiye dayanarak
nihai sonucu en ¢ok etkileyecegine inanilan 6zellikleri segmektir. Diger bir yol, problem hakkinda ¢ok az bilgi
sahibi olundugu veya hi¢ bilgi sahibi olunmadig1 ve bu nedenle sonucu etkileyebilecek tiim ozellikleri secip
ardindan en biiyiik etkiye sahip olanlarin kademeli olarak belirlenmeye ¢alisildigi yontemdir [4]. Bir magin
sonucunu etkileyebilecek ¢ok sayida 6zellik ve bunlar1 toplamadaki birgok sorun nedeniyle, bu ¢aligmada ilk
yaklasim kullanilmistir. Gelistirilecek olan makine 6grenmesi modelinin amaci, diinya kupasi son 16 turunda tur
atlayacak takimlar1 bulmaktir. Modelde ii¢ farkli kaynaktan toplanan veri setleri kullanilmigtir. Bu veri setlerinde
her yila ait FIFA video oyununda bulunan iilkelerin giigleri, takimlarin FIFA diinya siralamalar1 ve ge¢cmise ait
mag sonuglar1 bulunmaktadir. Ug farkli kaynaktan toplanan veri setleri incelendiginde 2004-2008 yillar1 arasinda
oynanan 1071 adet mag tespit edilmistir. Nihai modelde kullanilmak iizere bes farkli 6zellik secilmistir. Takimin
Defans Giicii, Takimim Orta Saha Giicii, Takimm Atak Giicii, Takimin Ortalama Giicii, Takimin lgili Yildaki
Diinya Siralamasi.

Her ne kadar Diinya Kupasi magclar tarafsiz sahalarda oynansa da milli takimlarin turnuvadan 6nce eleme
maglari farkli iilkelerde oynanmaktadir. Bu durum ev sahibi takimlarin kendi sahalarini, iklimlerini, vb. durumlara
daha asina olmasindan dolay1 maglara daha avantajli olarak basladiklar1 seklinde yorumlanabilir. Nitekim yapilan
bir arastirmada elde edilen verilere gore ev sahibi takimlarin mag1 kazanma oran1 %12 daha fazladir [11]. Bu
arastirmadan yola ¢ikilarak elde edilen 1071 magtan ev sahibi takimin kazandigi rastgele 171 mag ¢ikarilmustir.
Model, geriye kalan 900 mag ile gelistirilmistir. Ayn1 zamanda, tur atlayan takimi bulma problemi, 0 ve 1 gibi
ayrik sonug tireten bir ¢iktiya sahip oldugu i¢in, turnuvada tur atlayan takimin tahmin edilmesi bir siniflandirma
problemi olarak ele alinmigtir. Gegmis mag¢ sonuglarina sahip olundugu igin calismada asagida agiklanan
siiflandirma algoritmalar1 kullanilmistir. Lojistik regresyon siniflandirma problemlerinde kullanilan bir makine
6grenme algoritmasidir. Bu modelin amaci, deneysel verileri verilen bir Y rastgele degiskeninin 0 veya 1 olma
olasiligin1 modellemektir [12]. Destek Vektor Makinesi, egitim verilerindeki herhangi bir noktadan en uzak olan
iki simif arasinda bir karar simir1 bulan, vektor uzayi tabanli makine 6grenmesi yontemidir. Siniflandirma
problemlerinde kullanilmaktadir [13]. Rastgele orman siniflandiricist ise smiflandirma, regresyon ve diger
gorevler icin, egitim asamasinda ¢ok sayida karar agaci olusturarak problemin tiiriine gore siniflandirma veya
regresyon tahmini yapan makine 6grenmesi yontemidir. Rastgele orman siniflandirici, karar agaglarinin egitim
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setlerini asir1 6grenmesi problemini gidermektedir [14]. Veri kaynagi olarak StatsBomb [15] sirketinin agik
kaynakli sagladig1 veritabani kullanilmistir. Yazilim dili olarak Python kullanilmis olup, Streamlit, Matplotlib,
Seaborn, Pandas, Numpy gibi kiitiiphanelerden faydalanilmistir. Gelistirilen uygulama Streamlit kiitiiphanesi
yardimi ile web tabanli olarak paylasilmistir [10].

3. Bulgular

Model olusturulmadan &nce eldeki verilerin ne oldugunun analiz edilmesi gerekmektedir. Gelistirilecek olan
model eldeki veri seti ile ne kadar uyumlu olursa model o kadar basarili gelistirilebilir. Takimlarin gii¢ dagilimi;
giicsiiz, orta, giiclii olacak sekilde ii¢ gruba ayrilmigtir. En gii¢lii takimlarin kimler oldugu ve takimlarin ortalama
giicleri ile aralarindaki farklar, takimlarin sahip oldugu defans, orta saha, atak gii¢clerinin dagilimi incelenmistir.
Ispanya’nin 2007°den 2018’e kadar en giiclii takim oldugu tespit edilmistir.

Lojistik Regresyon, Destek Vektér Makinesi ve Rastgele Orman siniflandiricist kullanilarak egitilen modelin
performans sonuglar1 bu boliimde verilmistir. Asagida kullanilan ii¢ farkli denklemin uygulanmasi ile modelin
farkli makine 6grenmesi algoritmalarinda elde ettigi dogruluk, kesinlik ve duyarlilik degerleri bulunmustur. Buna
gore elde edilen dogruluk parametresi, modelin dogru olarak tahmin ettigi maglarin oynanan tiim maglara oranini
gosterir. Kesinlik, modelin pozitif olarak tahmin ettigi maglarin, ger¢ekteki pozitif durum ile ne kadar ortiistigiint
gosterir. Duyarlilik ise dogru pozitif tahmin etmesi gereken maglarin kaginin dogru tahmin ettigini gosterir. Bu
degerlere bakildiginda Tablo 1’de makine 6grenmesi siniflandirma algoritmalart igin elde edilen dogruluk,
kesinlik ve duyarlilik sonuglar1 verilmistir. Destek Vektor Makinesi, Rastgele orman siniflandiricisit ve Lojistik
Regresyon icin sirasiyla %75, %70 ve %73 dogruluk sonuglari bulunmustur. Bu degerler 1s18inda futbol
maglarin tahmini i¢in Destek Vektér Makinesi modelinin tercih edilmesi gerektigi goriilmektedir.

Dogruluk = (DP + DN) / (DP + YP + YN + DN), Kesinlik = DP / (DP + YP), Duyarlilik = DP / (DP + YN)

Tablo 1. Makine 6grenmesi model sonuglari
Dogruluk Kesinlik Duyarhlik

Destek Vektor Makinesi 0.75 0.81 0.72
Rastgele Orman Siniflandiricisi 0.70 0.75 0.69
Lojistik Regresyon 0.73 0.79 0.71

Makine 6grenmesi modellerinin performanslarini karsilagtirmak i¢in kullanilabilecek diger bir yontem kutu
grafiklerine bakmaktir. Sekil 1’de modellerin kutu grafikleri verilmistir. Modellerin dogruluk degerlerine gore
kutu grafigi olusturuldugunda Destek Vektdr Makinesinin medyan degerinin diger iki modelden ortalama olarak
daha yiiksek oldugu goriilebilir. Bu, modelin diger modellere kiyasla daha iyi sonug¢ verdigini gosterir. Ayni
zamanda kutular arasi araliklarin kisa olmasi da bu modelin buldugu sonuglarin tutarli oldugunu gosterir. Ayrica
kutunun simetrik olarak dagilmasi, bulunan degerlerin normal dagilima daha yakin oldugunu gosterir. Bu da elde
edilen sonuglarin tutarligi i¢cin Onemli bir kistastir. Bu sonuglar 1siginda Destek Vektor Makinesinin
kullanilmasina karar verilmistir

Bir makine 6grenmesi modelinin farkli denemelerde tutarli sonuglar vermesi beklenir. Sonuglarin tutarliliginin
artmasi i¢in ortalama bir deneme sayisi bulunmalidir. Nihai modelde maglarin benzetiminde kullanilacak olan
iterasyon sayisini bulmak igin rastgele iki takim arasinda oynanan bir mag 10.000 kez tekrar edilmistir. Sekil
2’deki grafik, tutarlilik degerinin 6.500 magtan sonra tutarli bir hale geldigini gostermektedir. Turnuvadaki
maglar, bu grafikten elde edilen sonugtan yola ¢ikilarak 6.500 defa benzetimi yapilarak tahmin edilmistir.

Denemeler FIFA 2018 Diinya Kupasi son 16 mag tizerinden yapilmistir. Turnuvadaki son 16 mag, iki farkli
sekilde tahmin edilmistir. Birinci yontemde, tek seferde tiim maglar tahmin edilmeye ¢alisilmigtir. Bu yontemin
amaci, turnuva baslamadan 6nce hangi takimin turnuvayi kazanacagini tahmin etmektir. Bu yontemde yanlis
bilinen maglardan dogan sonuglar, kalan maglar1 da etkiledigi i¢in dogru bilinen mag sayisinin énemi yoktur.
Model, turnuvay1 kazananin Brezilya oldugunu tahmin etmistir. Ancak gercekte turnuvayi kazanan takim Fransa
olmustur.

Ikinci yontemde maglar teker teker tahmin edilmistir. Bu yontemde yanlis tahmin edilen magclarin ardindan
oynanan diger maglarin benzetimi ayr1 olarak gergeklestirilmistir. Bu yontemde model, maglar1 birbirinden
bagimsiz tahmin ettigi i¢in Onceki turda yaptig1 yanlis tahminlerin telafisini yapabilmektedir. Bu deneme
yonteminin amact, son 16 mag igerisinde olabildigince ¢ok sayida magi dogru tahmin etmektir. Yapilan denemeler
sonucunda oynanan 16 magtan 11 tanesi model tarafindan dogru tahmin edilmis olup genel basar1 oran1 % 68.75
olarak hesaplanmistir.

Gelistirilen uygulamanin kaynak kodunun tamami, uzunlugu sebebiyle bu bildiriye eklenmemistir. Sadece
onemli bazi kisimlar ve sonuglar agiklanmistir. Uygulamanin tiim kodlar1 GitHub ortaminda agik kaynakli bir
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sekilde paylasilmustir [10]. Bircok gorsellestirme imkani bulunmaktadir. Ornedin turnuva tahmini analizi
secildiginde turnuva i¢in gelistirilen makine 6grenmesi modeli ile ilgili agiklamalar ayrintili olarak paylagilmistir.
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Sekil 1. Modellerin kutu grafigi ile kargilastirilmasi Sekil 2. Modelin tutarlili1 i¢in olusturulan benzetim sayisi

4, Sonuclar ve Oneriler

Mag sonuglarinin tahmini, futbolun daima en biiyiik problemlerinden birisi olmustur. Literatiirde futbol mag
sonuclarinin tahmini ile ilgili yapilan ¢esitli calismalarda makine 6grenmesi modeli i¢in farkli 6zellik segimleri
kullanilmistir. Bu ¢aligmada ag¢ik kaynak veri depolarindan elde edilen 6zgiin bir veri seti olusturulmustur. Bir
futbol macgini tahmin eden modelde kullanilan 6zellik sayisinin fazla olmasi, modelin farkli giiclere sahip
takimlarin maglar1 hakkinda yaptigi tahminleri zorlagtirabilmektedir. Bu da basari oranini diisiirmektedir. Lojistik
regresyon, Destek Vektor Makinesi ve Rastgele orman algoritmalari ile bu veri setleri egitilmistir. Gelistirilen
modelde kullanilan 6zellikler, takimin genel giiciinii kullanirken ayn1 zamanda takimin zayif ve gii¢lii yonlerini
de modelde kullanilmasini saglamigtir. Elde edilen sonuglara gore Destek Vektér Makinesi daha basarili oldugu
ve egitim sonuglar ile gercek maglarda denenen sonuglar karsilastirildiginda modelin basariyla calistig
gbzlemlenmistir. Gelecek calismalarda 2018’den giiniimiize oynanan yeni maglar ve yeni 6zellik se¢imleri ile
2022 diinya kupasinin tahmini i¢in modelde gelistirmeler yapilmasi planlanmaktadir.
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Ozet

Mimarlik disiplini insanoglunun baslica ihtiyaglarindan biri olan barmma ihtiyacim1 karsilamak amaciyla
dogmus, medeniyetin gelismesine paralel olarak ilerleme gdstermistir. Mimarlik mesleginin pratigini tasarim,
gorsellestirme ve uygulama olmak iizere ii¢ temel calisma asamasi olusturmaktadir. Mimari tasarimin
uygulanma asamasina gecilmeden Once gercekei ve detayli gorsellestirilmesi biiyliik 6onem tagimaktadir.
Kiiresellesen diinyanin teknolojik gelismeleri mimarlik alanina da yansimaktadir. Giiniimiizde dijital tasarim
ve uygulama teknolojileri mimarlik alaninda sik¢a kullanilmaktadir.

I1k olarak 1970°li yillarda ortaya konmus olan sanal gerceklik kavrami (VR), 19. yy.’da gériintiilere ii¢ boyutlu
derinlik katilmaya caligarak gelistirilmeye baglanmis ve gilinlimiizde bilgisayar teknolojisinin yardimiyla
biiyiik gelisim gostererek ulasilabilir bir teknoloji haline gelmistir. Giiniimiizde saglik, egitim, kiiltiir turizm,
eglence gibi alanlarda da kullanilan sanal gergeklik mimarlik alanda tasarimlarin gergekci bir sekilde
gorsellestirilmesini saglamak amaciyla da kullanilmaktadir.

Bu calismada 6ncelikle sanal gerceklik (VR) teknolojisi ve tarihi yapilmis olan literatiir taramasi 1s1ginda
aciklanmigtir. Daha sonra bu teknolojinin mimarlik alaninda kullanimi 6rneklerle incelenmistir. Son olarak da
sanal gergekligin meslek disiplinine katlilari, avantaj ve dezavantajlar1 degerlendirilmistir.

Anahtar Sozciikler: Bilgisayar teknolojileri; Mimarlik; Sanal gerceklik.

Abstract

The discipline of architecture was born in order to meet the need for shelter, one of the main needs of human
beings, and progressed in parallel with the development of civilization. The practice of the architectural
profession consists of three basic working stages: design, visualization, and application. Realistic and detailed
visualization of the architectural design is of great importance before proceeding to the implementation phase.
The technological developments of the globalizing world are also reflected in the field of architecture. Today,
digital design and application technologies are frequently used in the field of architecture.

The concept of virtual reality (VR), which was first introduced in the 1970s, started being developed in the
19th century by trying to add three-dimensional depth to the images, and today it has become an accessible
technology with the help of computer technology. Virtual reality, which is also used in fields such as health,
education, culture, tourism, and entertainment, is also used in the field of architecture to provide realistic
visualization of designs.

In this study, first of all, virtual reality (VR) technology and its history are explained in the light of the literature
review. Then, the use of this technology in the field of architecture is examined with examples. Finally, the
contributions of virtual reality to the professional discipline, its advantages, and disadvantages have been
evaluated.

Keywords: Computer technologies; Architecture; Virtual reality.

1. Giris

2019 yilinda ortaya ¢ikan Covid-19 ekonomik ve sosyal anlamda diinyada biiyiik bir etki birakarak,
insanlarin var olan aligkanliklarinin degisimine neden olmustur. Bu siire¢ zarfinda insanlar egitim, is, ticaret,
kamu hizmetleri, eglence gibi bir¢ok farkli alanlarda pandemi nedeniyle uzaktan iletisim kurmak zorunda
kalmiglardir. Bunun sonucunda 20. yy.’da gelistirilmeye baglanan sanal ortamlarin 6nemi global anlamda
artmistir [1]. Sanal gergeklik (VR), teknoloji kullanilarak olusturulan kurgular ile ger¢ek ve hayalin
birlestirilmesi olarak tanimlanabilir. Sanal ger¢ekligin ¢ikis noktasi gorsel iletisime dayanmaktadir [2].

Mimarlik endiistrisindeki biiyiik gelisme ve proje tasarimi ve formlarin karmasikligi nedeniyle, mimari
alanda stiriikleyici sanal gergeklik, videolar ve simiilasyon teknolojileri gibi multimedya kullanilarak
gelistirilmesi oldukg¢a 6nem tasimaktadir [3]. Giiniimiizde mimarlik alaninda sanal gergeklik kullanilarak insa
edilmemis olan bir projenin gergeklik algisi ile sunulmasi oldukga popiiler bir teknik haline gelmistir [4]. Sanal
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ortamlar baglangicta mimarlar tarafindan konsept sunumu igin kullamlmaktaydi. Ancak daha sonra VR
teknolojisinin mimarlik sektoriiniin ve sektoriin hedef gruplariyla gorsel ve sanal gergeklik yontemleriyle nasil
daha etkili iletisim kuracagina odaklanmistir. Mimarlik deneyimi sanal gerceklik teknolojisinin ortaya
¢ikmasindan 6nce sadece soyut bir ifadeydi. Teknoloji ortaya giktiktan sonra deneyimi yasayacak olan gruplar
gorsel ve isitsel deneyimin yan1 sira VR destekli, etkili psikolojik iletisim yontemlerinin kullanimiyla psikolojik
olarak da bu deneyimi yasayabilir ve verilmek istenen mesaji ¢ok daha dogru bir bicimde alabilmesine olanak
tanimigtir. Sanal gergeklik teknolojisinin ii¢ boyutlu evreninde kullanicilara sunulan dinamik erkan ve aktif
gezginlikle birlikte birinci kisi bakis acisinin kullanimi bu teknolojinin hedef gruplarin kullanicilarina adeta
deneyim yasiyormus gibi hissettirmektedir [3].

2. Materyal ve Yontem

Calismanin yontemi baslica ii¢ asamadan olusmaktadir. Oncelikle VR. teknolojisinin tarihsel gelisimi ve
mimarlik alaninda kullanimiyla ilgili ulusal ve uluslararasi bilimsel yayinlar incelenmistir. Caligmanin ikinci
asamasl olan analiz agamasinda ise yapilmis olan literatiir taramasi 1s181inda elde edilmis bilgilerden yola
¢ikilarak VR. teknolojisinin mimarlik alaninda kullaniminin avantaj ve dezavantajlart degerlendirilmistir. Son
olarak ise, konu ile genel bir degerlendirme yapilmistir (Sekil 1. Yontem akis semasi).

Literatiir Taramasi §onug \{e
Degerlendirme

Sekil 1. Yontem akis semasi

Aragtirmanin materyallerini ise, konuya iligkin ¢aligmalarin yer aldigi uluslararasi, ulusal ve internet
kaynaklar1 olusmaktadir.

3. VR’1n Tarihsel Gelisimi

DouLus RIFT HTC vE VALVE
MORTON THOMAS Lk VR ATARI BASLIGININ ILK GoooLe, TARAFINDAN GELISTIRILEN
HEILIG FURNESS MAKIMES! VIRTUALITY PROTOTIPI CARDBOARDU HTE VIVE KULAKLIK,
(STAIL) (SUPER KOKPIT) TANITILDI. TASARLANDI. FPIvasara sURDUO.

GOROCOYE CIKTI.

R L R L

O R T T

VAN JaroN LAMNIER, VR SEGA, VR-1 HAREKET  spmy, PROJE SAMSUNG VR MICROSOFT HOLOLENS'|
SUTHERLAND URUMLERI GELISTIREN VE SIMUOLATORUND MORPHEUSU TANITTI seETIiNI TarITTI TANITTI.
(HMD) SATAM ILK SIRKETLEROEN SpgaWORLD OYUMN
8IRI OLan VPL SALOMLARIND A
RESEARCH'D KURDU, TAMNITTI.

Sekil 2. VR in tarihsel gelisim semasi

VR’1n ortaya ¢ikisi temel olarak insan ile iletisim kurarken sadece gorsel ve isitsel bilgi aktarimi yapmak
yerine insani bu bilgilerin oldugu sanal bir evrene sokarak iletigsimin gii¢lendirilmesidir. Bu da ilk olarak kargimiza
tarihte tiyatro, sinema ve televizyon olarak c¢ikiyor. Tarihten cagdas VR sistemlerinin islevine en ¢ok yaklasan
1957°de Morton Heilig tarafindan gelistirilen Bireysel Kullanim i¢in Stereoskip Televizyon Cihazi (STAIU)
olmustur. Daha sonra 1966 yilinda MIT’de Ivan Sutherland tarafindan gelistirilen Bilgisayar Tabanli Basa Takilan
Ekran (HMD) tarihsel gelisimin ikinci adimi olmugtur.1982 yilinda Thomas Furness pilotlar i¢in Siiper Kokpit
isimli bir kask gelistirdi. Bu kask pilotlara sanal bir ugus ortami yaratip 6zel eldivenler sayesinde sanal bir kokpitle
beraber ugus egitimi yapmalarini sagliyordu. Daha sonra NASA erisilemeyen saha kesiflerinde kullanilmak tizere
uzay istasyonunda caligsan astronotlarin kullanmasi igin disaridaki robotun gercek zamanli olarak calismasina
olanak saglayan gorsellestirme destekli bir VR kask gelistirdi [5]. Daha sonra Jaron Lanier arkadasi ile VR
gelistirmeg1 amaglayin VPL Research adli girisimi kurmuslardir [6]. 1991 yilinda ise VR oyunu olan ‘Datcyl
Nightmare’ ile birlikte VR teknolojisi oyun konsolu sektdriine giris yaptimistir. Hemen ardindan 1994 yilinda
Sega VR-1 hareket similatorii ile SegaWorld eglence salonlarindqa tanitilmistir [7]. Giiniimiizde hala gelisimine
devam etmete olan ve VR teknolojilerinin ilklerinden biri olan Oculus Rift 2012” de kitle fonlamasiyla birlikte
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piyasaya siiriilmiistiir [8]. 2014 yilinda 'Google Glass'in gozliikk ve 'Karton' ile birlestirilmesiyle tasarim yonii
giiclendirimistir. Ayn1 y1l igerisinde Sony, HMZ serisinin ev sinemasi i¢in en son siiriimii olan HMZ-T3'ii satmaya
baglamistir. Bunun yaninda GDC2014 ile PS4'i destekleyen VR i¢in HMD olan Morpheus'u tanitmistir [9]. 2015
yilinda kullanicilar igin VR deneyimini giiclendirmek ve ulasilabilir bir hale getirebilmek i¢in Samsung Galaxy
akilli telefon ile birlikte kullanilabilen yenilik¢i bir VR teknolojisi olan Samsung Gear VR tanitilmistir [10]. 2016
yilinda ise HTC ve Valve Coorp. Tarafindan gelistirilen HTC Vive piyasaya siiriilmiistiir [11]. Son olarak 2016

yilinda piyasaya siiriilen Microsoft Hololens ile birlikte bu konuda teknolojide bariz bir yenilik olmustur [12].

4. VR’1n Mimarhk Alaninda Kullanim

Tasarim projeleri genellikle matematiksel tanimiyla 0’dan 1’e yani higlikten tamamin olusturulmasina
dogru olusur. Bu durum tasarimin gelistirme asamasinda pek ¢ok yeni giincellemeye ihtiyag duymasina yol
acar. VR teknolojisinin kullanim1 burada tasarim ile yap1 arasinda gercek zamanl bir iletisim kurulmasim
saglar [13].

Tasarim siirecinden sonra yapim esnasinda da cesitli kullanim yéntemleri vardir. Ornegin mimar veya
milhendisler tarafindan cizilen tasarimlar saha i¢inde ¢alisan kisilere VR teknolojisi sayesinde es zamanli
olarak aktarilip yapim esnasinda yapilan hatalarin aninda tespitini ve diizeltilmesini olanak tanir. Bir saha
caligan1 kullandig1 VR baglik sayesinde sahada yapilmasi gereken isin tasarimci tarafindan sisteme girilmesi
halinde aninda hayata gecirilmesini saglar [5]. Ayn1 zamanda VR teknolojisinin yapay zeka algoritmasi ile
calismast da miimkiindiir. Yapay zeka algoritmasi ile calisan VR teknolojisi yeterince veri tabani
olusturulduktan sonra optimum tasarim seklinin tasarimciya onerilmesinde kullanilmaktadir [3]. Ayrica VR
teknolojisinden mimarlik egitiminde de yaralanilmaktadir [14].

5. VR Teknolojisinin Avantaj ve Dezavantajlari

VR teknolojisi Tasarim mesleginde ¢esitlilik kisisel vizyonu genisletecek, zihinsel goriintiilerin hafizas1 ve
cok yonlii diisiinmeyi tegvik eder. VR, bir ortamin gozleminden ziyade yapay mekanlara uzaktan veya
yakindan sanal bir baglantidir. Ug boyutlu, stereoskopik, kafa izlenen ekranlara, el/viicut takibine ve ¢oklu
sese dayanir. VR, siiriikleyici, ¢ok algili bir deneyimdir. Fikirlerin daha 6nce hi¢ olmadigi sekilde ifade
edilmesini ve insa edilmesini miimkiin kilar. Bu teknoloji tasarim alaninda tasarimciyla hedef veya saha
caligani arasinda bilginin aktarimini gergege en yakin diizeyde aktarimini saglar bu da tasarimciya en dogru
tasarimi yapma firsatim verir [5]. VR teknolojisi mimar1 projenin heniiz tasarim asamasinda iken olusturulan
tasarimin hedefe gercege en yakin olarak aktarimini ve geri doniis bilgilerini elde etmeyi saglar. Bu durum
tasarim isteklerinin hayata ge¢cmesinin tasarimci tarafindan optimize edilmesine olanak saglar [13]. Sistem
yeterince veri toplayabilirse farklt mekanlarda bulunan tasarimcilar VR vasitasi ile bilgileri birlikte gorebilir
ve iizerinde birlikte ¢alisabilir. [5]. Ayrica, yapilmis olan bilimsel ¢aligmalar 1s181nda insanlarin gergek mekan
deneyimi ile VR ile olusturulmus mekan deneyimlerine vermis olduklari psikolojik tepkilerinde anlamli bir
fark bulunamamistir [15].

VR teknolojisinin elde edilmesi finansal agidan agidan zor oldugu gibi teknolojinin tasarima entegrasyonu
da olduk¢a zordur [5]. VR teknolojisinin yapay zeka algoritmasi ile ¢alismasinin da belirli zorluklar
bulunmaktadir. Yazilimi olugturmak yapilacak islerin asamalarinin tanimini gerektirdigi i¢in uzun zaman alir

[3].
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6. Sonuc¢ ve Degerlendirme

Gilintimiizde artan teknolojiyle birlikte hizla gelismekte olan sanal ortamlarin gerceklige en yakin olmasini
saglayan onemli teknolojilerden birisi de VR teknolojisidir. Bu teknoloji 1957 yilindan giiniimiize gelismis ve
her gecen giin daha da geliserek ve ulasilabilir olarak hayatimiza entegre olmaya baglamistir. Meta evren gibi
kavramlarin hayatimiza dahil olmastyla VR teknolojilerinin kullanim1 yayginlasacaktir.

VR teknolojisi giiniimiizde birgok farkli alanlarda kullanilmaktadir. Bu alanlardan birisi de mimarliktir. VR
teknolojisinin mimarlik alaninda kullanimlarinin avantajlari; siiriikleyici bir deneyim saglamasi, gorsel ve
isitsel duyulara hitap etmesi, tasarimciya en dogru tasarimi yapmasina olanak saglamasi, tasarimin optimize
edilmesine olanak saglamasi, yapiin tasarim asamasindayken bile ger¢ege yakin sonucunu goérme firsati
saglamasi, yapay zeka algoritmasiyla calisma firsatt sunmasidir. Bu teknolojinin avantajlart oldugu gibi
dezavantajlart da bulunmaktadir. Bunlar; tasarima entegrasyonu zor olmasi, yliksek maliyetli olmasi ve
entegrasyonunun zaman alici olmasidir.

Tablo 1 .VR teknolojinin mimarlik alaninda kullaniminin avantaj ve dezavantajlar

Avantajlar Dezavantajlari
Siiriikleyici bir deneyim saglamasi Tasarima entegrasyonu zor
Gorsel ve isitsel duyulara hitap etmesi Maliyetli
Tasarimciya en dogru tasarimi yapmasina olanak saglamasi Entegrasyonu zaman alici

Tasarimin optimize edilmesine olanak saglamasi
Yapinin tasarim agsamasindayken bile ger¢ege yakin sonucunu gérme firsati saglamasi
Yapay zeka algoritmasiyla ¢aligma firsat1 sunmasi

VR teknolojisinin mimarlik alaninda kullaniminda kullanicilarin gorsel algilarini ve entegrasyonlarini artirict
etkileriyle yapilarin tasarlanmasinda ve uygulanmasinda kolaylik saglama potansiyeline sahiptir. Tasarimin bir
tamamlanmasindaki biligsel yiikii azaltarak kullanicilarin performansina olumlu katki sunabilir. Ayrica VR,
mimarlik alaninda tehlikeli veya rahatsiz ortamlarda ¢alisanlarn isini hizlandirmaya yardimci olarak yasam

kalitesini iyilestirebilir.
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Sanatta Yapay Zeka Ornekleri Ve Dijital Sanatta Ozel Algoritmalar

Examples of Artificial Intelligence in Art and Special Algorithms in Digital Art

Yasemin Giilay TONGUC ¥
! Yazilim Miihendisligi, izmir Katip Celebi Universitesi, Tiirkiye, yasemingulaytonguc@gmail.com

Ozet

Giliniimiizde makine 6grenme tabanli yapay zeka algoritmalari, tip alaninda, finansal sepet analizinde,
kapsamli reklam ve pazarlama analizlerinde, kisisel ve kurumsal egitim sektoriinde, siiriiciisii olmayan arag
tasariminda, miizik kisisellestirme uygulamalarinda, video ve online oyun tasariminda daha birgok alanda
kullanilmaktadir.

Insan zekasmnin taklit edilip rasyonellestirme diisiincesi ve yiiksek matematiksel tabanl yapay zeka , bilisim
teknolojisinin gelisimi ve yeni medya sanatiin popiilerlesmesi ile dijitallesmeyi yayginlastirmaktadir. Bu
kullanim 6nce gorsel sanatlar olmak {izere sanatin bir cok alaninda yaraticilik ve hayal giiciinii zorlamakta ve
kiiltiirel alan1 da etkisi altina almaktadir.

Generatif sanatla geleneksel sanatin birlikte kullanimi1 yani melez sanat; Sanatg1 ve Makina igbirlikteligi ile
3 boyutlu yazicilar, grafiksel tasarim yazilimlar1 ve A.l gibi teknoloji imkanlar: ile sanat eserleri {iretme
kurallarina dayanmaktadir.

A.ligin varsayim, bilgisayara yeni bilgi yiiklenince ve egitim siireci gerekli yerde durduruldugunda, Yapay
Zekal1 makinanin bu yeni bilgiyi, algoritmik egitimleri varolan modellere kullanip isleyebilmesidir

Anahtar Sézciikler: Dijital Sanat; Gan Algoritmast; Optimizasyon Algoritmalary; Perlin Giiriiltii
Algoritmasi, Yapay Zeka.

Abstracte

Today machine learning-based artificial intelligence algorithms are used in medicine, financial basket
analysis, comprehensive advertising and marketing analysis, personal and corporate education sector,
driverless vehicle design, music customization applications, video and online game design.

The idea of imitating and rationalizing human intelligence and artificial intelligence with a high
mathematical basis are popularizing digitalization with the development of information technology and the
popularization of new media art. This use forces creativity and imagination in many fields of art, first of all,
visual arts, and it also affects the cultural field.

Hybrid art that emerged with the use of generative art and traditional art; With the collaboration of Artist and
Makina, 3D printers, graphical design software and it is based on the rules of creating works of art with
technology possibilities such as Artificial Intelligence.

The assumption for Al is that when new information is loaded into the computer and the training process is
stopped, the Al machine can use and process this new information into existing models as a result of special
algorithmic training.

Keywords: ; Artificial Intelligence; Digital Art ; Gan Algorithm; Perlin Noise Algorithm; Optimization
Algorithms.

1. Giris

Geleneksel sanatta sanatkarlar; eskiden beri gelen eser Orneklemelerinden, sanat akimlarindan ve
ustalardan esinlenerek, felsefik ve edebi diisiinceleri bakis agilariyla degerlendirip, kendine 6zgii dogal ve
sonradan gelistirdigi yetenekleriyle biitiinlestirip yaratici zekalariyla sanat eserleri iiretmislerdir.

Yeni medya sanatinda ise sanatkarlar; Fraktal Sanat teknikleri ile matematiksel mitkemmellikteki fraktallari
diizenleyip, bilgisayar teknolojisi ile birlestirerek yaptiklart hesaplama sonucun da; soyut sanat eserleri,
dijital goriintii ve animasyonlar tiretmektedirler.

Dijital sanatta ise sanatgilar; Generatif sanat teknikleri ile sanal nesneleri bigimlendirerek, 6zel algoritmik
destekli dijital tasarim, rasyonel matematiksel tabanli yazilim dilleri kullanarak sanal nesneleri estetik yapay
zeka sanat eserleri iiretmektedirler.

Yapay zeka sanatta iki sekilde eserler tiretir;
1 - Sanatc1 kendi sanat eserine algoritmalarla destekli yapay zekadan yardimei olarak faydalanir.
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2 - Dogrudan algoritmalarla ve tamamen yapay zeka tarafindan eserler {iretilir.

Medya sanati; video, internet, televizyon, radyo ve telefonu da iceren kitle iletisim araglart ve
telekomiinikasyonla iligkili olan galigmalara génderme yapar. Karisik teknik ve internet sanati gibi artistik
kavramlarla da benzesmektedir (Keser, 2009: 209).

DIGITAL ART
NETWORKED ART

NEW MEDIA ART

INTERNET ART

SOFTWARE ART

Sekil 1 - Karen Verschooren’ a Gore Yeni Medya’ da Dijital Sanat Kategorizasyonu

2. Amag

Bu calismada; klasik sanatla generatif sanat karsilatirmasi genel olarak yapilmis ve baz1 farkliliklardan genel
anlamda bahsedilmistir. Dijital Sanatin cesitli dallar1 arasinda yapay zekanin kullanimi ve insan makine
isbirligi ile tiretilen eserlerin getirdigi yenilikler 6rneklerle aktarilmaya calisilmistir. Yapay Zeka’nin sanatin
dijitallesmesinde ki yazilimsal g¢alisma altyapist mantiginin teknolojik ifadesi ve 6zel algoritmalarinin islevsel
ozellikleri tanitilmaya ¢aligilmistir. Amag, yapay zekanin ¢agdas sanata katkisini ve gelisimini aktarmaktir.

3. Materyal ve Yontem

Aragtirma da ikincil tarama yontemine basvurulmustur. Microsoft Visual Studio 2019, Microsoft Visual Studio
Code, Unity 2020-1, Pure Data 0.52-2 versiyonlu yazilimlar kullanilmistir.

Sanat i¢inde yapay zekanin kullanimi igin Optimizasyon algoritma g¢esitlerinden Harmoni Arama Algoritmas,
Yapay Ar1 Kolonisi Algoritmasi, Perlin Giiriiltii Algoritmasi, Gan algoritmasi ve Kapsiil Aglari algoritmalarindan
faydalanilmigtir.

4. Yapay Zekamn Sanatta Kullanim Ornekleri

Fraktal Sanatin temelleri algoritmik desenlere dayanmaktadir. Diinyada ise algoritmik tabanli geometrik
eserlere;Wassiliy Kandinsky’e ait 1927 tarihinde yapmis oldugu Spitze In Bogen eseri 6rnek verilebilir.

Sanat tarihini inceledigimizde; Osmanli mimarisinde saray, cami ve han yapimlarinda ince matematiksel ve
oransal hesaplamalara sahip, giiniimiiz algoritma tabanli ¢alisma mantiginin temelleri olan; bolca 6rnegini
gorebilecegimiz geometrik ve estetik motiflere rastlanmaktadir.
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Sekil-2 Algoritmik Tabanl Islami Geometrik Desen-Selimiye Camii Kubbesi-Mimar Sinan Ustalik Eseri Edirne

4.1-Gorsel sanatlarda;

> Harold Cohen’ in 1992 yilinda Theo adinda; AARON yazilimi ile yaptig1 tuval {izerine yagl boya
eseri vardir.

> Sanatg1 Beeple Everydays: The First 5000 Days isimli dijital sanat eseri 1981 yilinda yapilmis ve 69.3
milyon dolara satilmistir.

> Delft University of Technology Microsoft, Korsten ’la ekibi 2016 da yapay zeka ile Rembrant tablosu
yapmuglardir.

> Mario Klingemann Memories Of Passersby | Eseri (Companion Version), 2018.Coklu GAN
algoritmalar1 ve uygulamalar bilesimi ve Yapay zeka teknikleri ile yapilmis bir eserdir.

> Mikael Hvidtfeldt Christensen’ in Octopod adli eseri; Structure Synth adli A.I Yazilimu ile
iretilmistir.

> Dijital Enstalasyon sanatgisi, Sougwen Young’ un The Limitless, The Absolute 2017 eseri

> Sanat¢1 Refik Anadol’un Black Sea A Eseri 2018

> Ahmet Elgemmal, “Edmond Belamy’nin Portresi”” adl1 yapay zeka resmini 2018 de yapmustir.

> Sanat¢1 Refik Anadol’un Machine Hallucinations — Grotesque architecture dataset adli Dijital
enstalasyon eseri 2020

> Sanatg1 Refik Anadol’un yine Machine Hallucinations — Iss Dreams adl1 Dijital Enstalasyon eseri 2020
> Engineered Arts tarafindan yaratilan Lucy Steal ve Aidan Meller tarafindan tasarlanan Ai-Da, Yapay

Zekal ilk robot ressamdir.
4.2-Tsitsel Sanatlarda;

“Blue Jeans and Bloody Tears” Eurovision Sarkist Sweaty Machine sirketinge Yapay Zeka ile yapilmstir.
“Daddy’s Car” adli sozleri bir besteciye ait sarkinin miizigi Sony’nin Flow Machine Yapay Zeka yazilimi
ile yapilmustir..

Tiirkiye ‘de ise Divan isimli bir yapay zeka, hayatin1 kaybeden Tiirk arabesk sarkict Misliim Giirses ‘in
tarzinda kayda alinan kendi sesinden, Benim Meselem 2 albiimiinii ¢ikartmustir.

Sebnem Ferah istanbul konserinin 20. yili anisina, ses ikizi diye tanimlanan  Okyanus isimli yapay
zeka ile Bostanci Kiiltiir merkezinde 10 Mart 2007 © de bir konser yapilmistir.

Youtube igerik lireticisi Taryn Southern IAMAI adli albiimiinden Break Free adli sarkist Amper adl
yazilim sirketince tamamen yapay zeka tarafindan yapilmistir.

»  Hayatim1 kaybeden Judwig Von Bethoven’in 10. Senfonisi Yapay Zeka ile 2021° de tamamlanmustir.

4.3 Edebiyat Sanatinda;

YV VYV VYV VYV
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» “Siir Portreleri” isimli Google projesinde, algoritma sayesinde Yapay Zeka tarafindan iki musralik siirler
olusturulmaktadir.

» Kanadali Adam King’in gelistirdigi Talk to Transformer uygulamasi ile birka¢ kelime ile baslattiginiz
hikayenin devamin1 Yapay Zekali robot getirebiliyor..

> Istanbul Bilgi Universitesi Bilgisayar Miihendisligi’ nin 9 ayda tamamladigt ROMTU ad1 verilen proje bir sair
robotla sonug¢lanmstir. (Utku Sen ve Danigsmani Yrd.Dog Tugba Yildiz)

» Yazilimci Sanat¢1 Bager Akbay tarafindan; Deniz Yilmaz adli robot kola sahip siir yazabilen sair

yapay zeka robotu tasarlanip gelistirilmistir.

5. Dijital Sanatta Kullamilan Ozel Algoritmalar
5.1 O.A — Optimizasyon Algoritmalari

Optimizasyon, karar asamalarin1 hizlandirip, dogru ve ise yarar karar alma oranin yiikseltmek i¢in
kullanilip, reel hayat problemlerinde ger¢cek zamanli, dogru ve etkili ¢oziim tiretmek igin tercih
edilmektedir.

Siklikla kullanilan optimizasyon algoritmalari; Pargacik Siirii Optimizasyonu, Tavlama Benzetimi, Karinca
Kolonisi Optimizasyonu, Genetik Algoritma, Tabu Arama _ve Yapay Sinir Aglar1 denilebilir.

Sanat alaninda; tasarim degiskenlerinin tanimlanmasi ve dizayn problemlerinde kullanilir. En yaygin kullanimi
ise mimarlik ve yap1 sanatidir.

5.2. A.B.C.A — Yapay An Kolonisi Algoritmasi

Gri renkte ve de renkli gorsellerin sayisal analizinde 6nemli olan, goriintii boliitleme islemi, bir gorselin her
yerde esit 6zelliklere sahip, farkli kisimlara ayirma islemidir. Esikleme teknigi kullanilan en temel tekniklerdendir
ama giintimiizde artik bu teknik olarak yetersiz kalmaktadir.

Bu dogadan esinlenerek bulunmus ve kullanilan A.B.C.A algoritmasi ile diizenli istatiksel renk ve doku
degerleri igermeyen, tipik dogal goriintiilerin boliitlenmesi saglanabilmektedir.

(a) (b)

Sekil-3 Dalgacik Déniisiimii ve Yapay Art Kolonisi Algoritmastyla Béliitleme Islemi
(8)Orijinal Goriintii b) Yontem Boliitleme c¢) Goriintii Boliitleme)

5.3 H.S -Harmoni Arama Algoritmasi

H.S miizik tabanli sezgisel algoritmalardan bir meta-sezgisel bir algoritmadir. Miizik gelistirirken,
sanat¢ilar enstriimanlarinin akordlarimi yaparlar. Gerekli ve olanakli ses araliklar iginde performans sergiler ve
birlikte bir harmoni vektorii olustururlar. Akortlar giizel bir harmoni saglarsa sanat¢inin hafizasinda bu harmoni
depolanir.
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Miizikte ¢ok sayida ses ile kusursuz bir harmoni bulma siirecini taklit etme ve bu siireci optimizasyon da
kullanma, harmoni algoritmasinin ortaya c¢ikis sebebidir. Harmoni arama algoritmasinda, bir miizisyenin
esinlenme siireci taklit edilmektedir.

Sekil-4 Miihendislik Optimizasyonu ve Miizik Gelistirme Iliskisi (Lee ve Geem, 2005)

6. P.N.A- Perlin Giiriiltii Algoritmasi

Ken Perlin adinda bir profesor tarafindan gelistirilen gradyan giiriiltii yaratma algoritmasidir. Bilgisayar
tarafindan olusturulan goriintiiniin dogal olmas1 i¢in kullanilir. Rastgele sayilarla dogal sirali dizi {rettigi i¢in
goriintlisii daha dogal olmaktadir.

Haritalar, daglar, bulutlar, manzaralar gibi dogal 6zellikli cesitli etkiler, desenli dokular olugturmak ve 1,2 ve 3
boyutlu goriintiiler elde etmek i¢in kullanilabilir. Sinema ve oyun sektorii en popiiler kullanim alanidir.

7. G.A.N Algoritmasi

G.A.N algoritmasi1 Sanat alaninda kullanilan bir¢ok Yapay Zeka yazilim, program ve liretim asamasinda en
cok kullanilan algoritmik sistemdir.

Uretken karsit ag denilen ve iki néral agin en iyi sonuglar alabilmek i¢in birbiriyle miicadele etmesi manti§ina
dayanan G.A.N sistemi tizerinde ¢aligilmustir.

Hem iirete¢ hem de ayrimct sinir aglaridir. Jenerator ¢ikist dogrudan diskriminator girigsine baglanir. Geri
yayilim yoluyla, ayiricinin siniflandirmasi, jeneratoriin agirliklarini giincellemek i¢in kullandig1 bir sinyal saglar.

Predict Real or Generated

Discriminator - ﬁ E
Network E

Generator
Network

[02]-01]04] .. [-0.9]

Latent Vector

Sekil-5 Gan Algoritmasi ile Gérsellestirme Teknolojik Sistemi

Uretken bir cekismeli ag (GAN) iki boliimden olusur:

» Jenerator makul veriler iiretmeyi 6grenir. Olusturulan 6rnekler, ayrimei igin olumsuz egitim 6rnekleri haline
gelir.
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» Ayirtedici, treticinin sahte verilerini gergek verilerden ayirmayi 6grenir. Ayrimci, ireteci mantiksiz
sonugclar {irettigi i¢in cezalandirir.

» Egitim bagladiginda, liretici agik¢a sahte veriler iiretir ve ayrimci hizla bunun sahte oldugunu séylemeyi
Ogrenir.

8. C.N.A- Kapsiil Aglar1 Algoritmasi

Derin 6grenmeden bildigimiz evrisimli sinir aglar yapisindan farkli olarak nesnelerin dokusunu kokusunu,
hizini, pozunu, deformasyonunu, boyutunu, yoniinii tahmin edebilmek i¢in tercih edilen kapsiil aglar1 dinamik
yonlendirme algoritmalari igerir.

Kapsiil aglarinda derinlik art arda baglanan katmanlarla degil i¢ ice konumlanan kapsiillerin baglanmasiyla
saglanmaktadir. Verilerdeki uzamsal iliskiyi degerlendiremeyen sinir aglarindan kapsiil aglarinin stiinliigii; bir
goriintlideki pargalarin oryantasyonunu veri analizinin 6nemli bir pargasi olarak kabul etmesidir. Bu da bize veri
analizinde avantaj ve kolaylik saglamaktadir.

5. Sonuc ve Oneriler

Sanat ve Yapay Zeka lizerine derinlesen tartismalara baktigimizda, Coeckelbergh, yapay zeka
tarafindan iiretilen {iriinlerin hem sanat hem de objektif ve subjektif kriterler ile iliskili olabilecegini
savunmaktadir (Coeckelbergh, 2017: 290)

Derin 6grenme, makine 6grenmesi ve yapay zeka yazilimlariyla gorsel, isitsel, edebi sanatta sinir
Otesi yaratici eserler tiretilmektedir. Metaverse de yer edinmek isteyen sanatci ve insanoglu bu gelismeleri
ilgiyle takip etmekte ve yapay zekayi sanat eserleri iiretimine dahil etmektedirler.

Rutgers Universitesi'nden ekip iiyesi Ahmed Elgammal, "Gergekten yaratic1 ve garpici bir seye sahip
olmak istiyorsaniz - ama ayni1 zamanda fazla ileri gidip estetik acidan hos olmayan bir sey yapmayn"
diyor. Yapay zeka ile estetik sanat anlayisindan uzaklasmamak gerektigini vurgulamistir

Yapay Zekanin bilgisayar cizimlerinden gercek resimleri ayirt edebilmesi i¢in aylarca dgrenme
yaptirilmasi, bityiik ve maliyetli veri analiz yapmasi gerekmektedir. Kendi bagina 6grenen yazilimlar ise
insandan daha yavas 6grenmekte ve insanlarin yaptigi bir¢ok seyi yapamamaktadir. Bu da yapay zeka
kullanimint sinirlandirmakta ve insanin yerine tamamen robot ve makine kullanim fikrini
olanaksizlastirmaktadir. Insan ve makine isbirligi ile olusturulan melez sanat bu sebeplerden
kullanilmaya devam edecektir ve gelecek bu eserlerle heyecan verici olmaya devam edecektir.
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Abstract

In today's world, the consumption of clothing and accessories is increasing day by day. In this consumption
area, people sometimes have difficulty in finding a color outfit or jewelry they want. Especially in face-to-face
shopping, people look at all the stores to find the color they are looking for and consume a lot of energy in
those stores. Considering this increasing problem, a model is proposed in this study that detects color and then
displays the images of the clothing and accessory data it contains according to the color it perceives. In this
way, this model provides ease of finding what people are looking for. Therefore, it could be easily stated that
this system turns the filtering process into a kind of visual filtering. The results derived using the proposed
model prove its effectiveness for detecting the colors.

Keywords: Clothes; Color Detection; Filtering.

1. Introduction

In today's conditions, clothing and accessories consumption is increasing. This increased consumption can
make people to have difficulty in finding a color outfit or jewelry they require which in return causes a lot of
energy and time consumption. Considering this problem, a model detecting the color of the clothes and accessories
required and then displaying the images of the clothing and accessory data it contains according to their color is
developed in this study. It could be easily stated that color is the significant feature for our proposed model.
Human eyes and brain work in coordination to convert light into color, and light receptors in the eyes transmit the
signal to the brain, which in turn recognizes color. Adapting this strategy to the machines is the key factor in
identifying the color names in the developed model and fulfilling its main task. To express the color of some
pictures, Red, Green, Blue (RGB) based color recognition system [1] is used. In this system, each color always
consists of 3 values between 0 and 255 followed by RGB [1]. In the literature, there are some models relying on
this system, for instance; Lee et. al. [2] applied the color identification technique for the NOKIA smart mobile
device. This system uses phone cameras to recognize colors. This system’s disadvantage is to only use three basic
colors (red, green, blue) [2]. Duth et.al. shade and model images in the color detection system proposed in [3].

Contrary to the existing systems in the literature, using RGB in our proposed model is not efficient. The reason
behind this is that it is desired and aimed to detect the color of a currently displayed image and to show its color
in our model. For this purpose, the HSV in OpenCV method is used in our proposed study. There are red, green,
and blue colors in the HSV method but in addition to these there are H, S, V. In HSV, color can be changed with
'H', saturation can be changed with 'S', value can be changed with 'V'[4]. This makes it easier to adapt the system
to real life. Another reason for using this method is that the CCD camera used to define color in more complex
systems is not used. The abbreviation for this camera is device with charging connection. Cameras with such
image sensors perform well in low light conditions [5]. But in the proposed system, the webcam is used to detect
the object.

In our proposed model, another important factor other than color is to save the data in the system and display
it on the screen. The filing method was used to make this happen. With this simple and time-saving filing (dataset)
method, the desired images are displayed on the screen according to the colors. As a result, a webcam is used to
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model real-life objects, the colors are determined by the HSV method to detect the colors of these objects and
display on the screen, and a window is created using some libraries in Python. Colors can be printed on the screen
with OpenCV. Finally, the requested data is displayed with the file system.

The remainder of the article is organized as follows. The model proposed is introduced in the second section.
The proposed model is discussed in section 3. In section 4, the results are presented. Finally, in section 4,
conclusions and considerations for future work are presented.

2. Proposed Model

Our proposed model’s framework can be visualized in Figure 1. As can be observed from the framework,
OpenCV and NumPy libraries have an important place in the working algorithm of our proposed system. The
reason for using these libraries is that they are useful for image processing. NumPy is also widely used for
multidimensional arrays and mathematical operations, which are frequently encountered in image processing.

As can also be observed from Figure 1, after importing the OpenCV and NumPy libraries, a video capture
method is created in our proposed framework. The reason for this is to be able to capture and detect the images in
the video recording. While creating this, the size of the frame of the capture screen is also adjusted. After this
stage, methods are defined to detect colors. Following these defined methods, it is necessary to open a color palette
to define the colors. This color palette is opened using the cv2.Color method. Then, it is time to determine how
the image we want to be detected would be detected by the camera. For this, a point is specified in the middle of
the screen. The camera is defined as a round value and set to the middle of the camera. In this way, the objects
shown to the point appearing in the middle of the screen can be detected. After detecting the object with the
camera, the process of detecting colors is started. Numbers between 0 and 255 corresponding to the colors are
used here. The range is determined for each color. Colors corresponding to numbers could be defined thanks to
the cycles defined in the system. After determining the color of the detected objects, the putText method is used
to display the detected colors on the screen. When it comes to the final stage of the project, it is requested to
display a visual on the screen according to the colors. For this, images are displayed on the screen by using the
circle method. Finally, the system is terminated with the release and destroyAllWindows methods so that the
video from which the video is taken will not continue.

Created
VideoCapture

Import Opencv

and Numpy Identify Colar

Defined Clothes
Image Capture

Show Clothes on

Color Detection
the Screen

Figure 1. The framework of the proposed model

In addition to all these processes, the idea of transferring data from files is studied when displaying the data as
seen in Figure 2. Then, a dataset is created as seen in Figure 3. The pictures that are requested to be included in
this created data set are positioned according to their colors and then called from the system. In this way, the
desired images are displayed on the screen when the colors are detected.
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3. Results and Discussions

In order to derive results, the RGB method is first used for the color detection. With this method, different and
inefficient results are obtained for our system as exemplified in Figure 4. For example, as seen in Figure 4, when
run for orange color, data [0 94 254] is received. So 'Green' is 94. In this method, each pixel has the same value.
Although there is no problem with still images, it is not useful as the aim of the project is to capture real-life
images at that moment. Because this method simply mixes the colors and identifies the presence of each by
showing the resulting color. So, RGB method is converted to the HSV method to obtain results with our proposed
method.

import cv2
img = cv2.imread("orange_background.webp™)
print(img)

ev? dimshaw("Tma". ima)
[[ @ 94 254]

[ © 94 254]

[ ® 94 254)

[ ® 94 254]
[ 8 94 254]
[ 94 254]]

Figure 4. The end obtained from the RGB method

In our proposed model, another important thing to mention is the camera point, which plays an important role
in perceiving the color of the image. The biggest disadvantage with this is that the color detection capacity of the
camera is different due to the image quality. For example, it may detect a distant white object as blue due to
camera quality. Therefore, it can actually display images of unwanted colors. For example, when it detects a white
wall in a distant and illuminated environment, it can print it in blue on the screen. This is a negative result we get.
However, to minimize this and get efficient results, we convert RGB to HSV and we receive the results we want.
The results screen of our proposed model can be seen in Figure 5. Apart from camera quality the system is working
properly when we bring an object to the screen, whatever color the part corresponding to the point is, that color
appears on the screen and the relevant pictures are displayed. The result is about the registered colors that we add
to our filling system.
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4. Conclusions and Future Work

In this study, a model that brings images of clothes and accessories according to the desired colors has been
proposed. The wealth of the Python-OpenCV libraries have been used in the proposed study. In addition, the
differences and usage areas of the methods used in color perception and the areas where they are efficient have
attracted attention. Along with the results of the proposed model, different color perception models have also been
observed to prove the effectiveness of the proposed model. The results of the proposed model have been observed
as desired compared to the different color perception models.

There are many ways that can be done in the future to make this app useful in real life. For this application,
high resolution cameras that are more sensitive and adaptable to environmental conditions can be used. In order
to expand the color range, more color ranges can be added to the system and tested one by one. In addition to
these, the data system can be supported with database systems so that it can be integrated into a more complex
system. Thanks to this database support, it can even be transformed into a system that proposes combinations for
users who use the application. As a result of all these, it can be turned into a system that can be used in stores in
the future. In other words, a user who shows the color he wants to the camera can see all the clothes with that
color and even the content that is compatible with it and can easily choose it.
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Abstract

In today’s day by day developing technological area, automobiles have become more of a software tool than a
mechanical tool. Moreover, safe driving becomes more important than motor technologies. Considering these, in
this study, we focus on safe driving and we develop a system that can make alert in emergency situations. While
developing our proposed system, we consider the driver of a vehicle as an object representation and then we
measure the distance of this object to a camera placed in this vehicle using specific distance measures. The
performance evaluation results of our proposed model prove that it is quite effective for assisting safe driving.

Keywords: Driver, Safety, Security

1. Introduction

With the day by day developing technology, automobiles have been considered as a software tool than a
mechanical tool. When we look at recent years, they are more noted for their safe driving equipment than motor
technologies. At this point, our main goal is to highlight the dynamism of safe driving. It is carelessness that
causes thousands of traffic accidents every year. In this study, important causes such as inattention and insomnia
are examined. In order to prevent these things, we believe that it is right for computer vision to come into play at
this point. In addition to the safe driving, we want to design a system that could also be used as a stimulus system
in emergency situations. It should also be used for unexpected head drops, sudden approach to the steering wheel,
for example, in emergency situations such as a heart attack.

As a priority when designing our study, we use an open source image processing library. At this point, we
have reviewed many projects that will be examples of image processing and computer vision thanks to OpenCV.
Finally, we prepare an algorithm to get the security alert we want. A measurement will be made between the
driver's eyes and the steering wheel while the driver is actively at vehicle. The result of this measurement will
give a warning message on the screen with the arrival of the driver at a dangerous distance for instance if he gets
too close to the steering wheel. In this way, it will reflect a safety warning for the driver. Another issue is the
incident when the driver falls asleep, that is, if his eyes are completely closed or yawned, the warning system is
activated. Because this is also a very dangerous situation in traffic [3].

Thanks to the introduction of computer vision into our lives, it is possible for us to see autonomous vehicles.
However, autonomous driving is being tested before autonomous vehicles. We also wanted to try a more reliable
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and inexpensive way of autonomous driving in our study. Its cost as an integration is low, and its application
efficiency is high. At this point, it is possible to say that our project is distinctive [5].

The remainder of the article is organized as follows. The model proposed is introduced in second section. The
proposed model is discussed in section 3. In section 4, the results are presented. Finally, in section 4, conclusions
and considerations for future work are presented.

2. Proposed Model

The framework of our proposed system is presented in Figure 1. It shows the driver as an object representation.
We use the focal length and distance formulas presented in this framework. In order to handle these formulas in
our proposed model, we consider measuring the distance as can be observed from Figure 2. For measuring
the distance, we proceed taking the distance at first from the shoulders of the drivers. Our pixel size and the
distance we take from the heads of the shoulders successfully measured the distance when we approach the
camera. However, no warning returns a signal. Then, we decide to draw the distance at eye level as the right
place. At this point, the resource scanning discussed in the literature become quite useful to us. In this way,
it has become more effective for us to analyze the driver's sleep stop or sudden health problem at eye level

[6].
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Figure 1. The framework of our proposed model
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‘ Proximity of 35 centimeters |

Figure 2. The distance measurement of our proposed model

3. Results and Discussions

While deriving results using our proposed system, first of all, there is a section where the camera should be
turned on on our current machine [1] Then, our face section is located. We keep our FaceMash command “False".
Because we don't want the driver to see the "FaceMashes" at this stage. Since we can calculate the points in the
background ourselves, we can determine the image closest to the natural image as “draw=False” both in terms of
the driver's attention and in terms of the natural image. We have points inside the Try block. Thanks to these
points, we are able to decipher the distance between the two eyes. After this distance, it remains to add conditions

[4]

The condition block is the golden key to our security system. Because the value of 35 centimeters is peeped
here. As soon as it drops below 35 centimeters, the warning system that will come out is kept here [2].
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We also consider about closed eyes and yawning detection while deriving the results. We decouple the pixels,
measured them as the distance between the two eyelids and lips.[7]. We fix the ideal time by trial and error. We
press the same warning on the screen for situations that will occur due to yawning and drowsiness [8].

The results obtained using our proposed systems by considering all of these facts can be seen from Figure 3.
As observed from the results of the proposed system, when the distance decreases or the lips are wide open or the
eyes are open, a warning is given by the system. All of the other results derived by the proposed system also
present similar results which proves the effectiveness of our proposed model for the safe driving.

Distance: 52 cm

Figure 3. The derived results

4. Conclusions and Future Work

In this study, we have focused on safe driving and we have developed a system that can make alert in
emergency situations. We have considered the driver of a vehicle and then we have measured the distance of this
driver to a camera placed in this vehicle in this system. Specific distance measurement equations have been
considered while measuring these distances. The performance evaluation results of our proposed model have
proven that the proposed system is quite effective for assisting safe driving.

With the day by day developing technology, the detection time is significantly reduced, and even thanks
to autonomous driving features, it is possible to park the car in a safe area at the time of danger, call for
emergency assistance. We believe that we have released a system that is suitable for integration with the new
technological improvements.
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Ozet

Bu caligmada lisans 6grencilerinin mobil 6grenmeye yonelik tutumlarinin makine 6grenmesi yontemleri ile
tahmin edilmesi amacglanmaktadir. Bu amagcla, lisans Ogrencilerine demografik bilgiler anketi ve mobil
ogrenmeye yonelik tutum 6lcegi uygulanmistir. Ogrencilerin; yas, cinsiyet, siif, interneti hangi amaclarla
kullandiklar1 ve haftalik internet kullanma siiresi verileri kullanilarak mobil 6grenmeye yonelik tutumlarinin
tahmini i¢in siniflandirma galismasi gerceklestirilmistir. WEKA yazilimi ile gergeklestirilen ¢alismada Naive
Bayes, K-En Yakin Komsu, Destek Vektor Makineleri, Rastgele Orman ve J48 Karar Agaci siniflandirma
algoritmalar1 kullanilmigtir. Siniflandirma algoritmalari i¢in varsayilan parametre degerleri kullanilmustir.
Veri setinin egitim ve test setleri olarak ayrilmasinda 10-fold cross-validation yontemi ve egitim seti igin
%066, test seti icin %34 paylastirarak uygulanan Percentage Split yontemi kullanilmistir. Simiflandirma
algoritmalarinin tahmin etme basarimlarinin degerlendirilmesinde dogruluk, kesinlik, duyarlilik, F-6l¢iitii ve
kappa istatistigi degerleri dikkate alinmigtir. Veri setinin egitim ve test setleri olarak ayrilmasinda kullanilan
her iki yontemde de en basarili siniflandirma algoritmasinin Rastgele Orman Algoritmasi oldugu
gbzlenmistir. Belirlenen degerlendirme kriterlerine gore gerceklestirilen siniflandirmada en basarisiz
algoritmanin Naive Bayes algoritmasi oldugu gorilmiistiir.

Anahtar Sozciikler: egitsel veri madenciligi; makine dgrenmesi; siniflandirma.

Abstract

In this study, it is aimed to predict the attitudes of undergraduate students towards mobile learning with
machine learning methods. For this purpose, a demographic information questionnaire and an attitude scale
towards mobile learning are applied to undergraduate students. A classification study is carried out to
estimate the students' attitudes towards mobile learning by using age, gender, class, the purposes for which
they use the internet and the weekly internet usage time. Naive Bayes, K-Nearest Neighbor, Support Vector
Machines, Random Forest and J48 Decision Tree classification algorithms are used in the study performed
with WEKA software. Default parameter values are used for classification algorithms. The 10-fold cross-
validation method and the Percentage Split method, which is applied by splitting the data set into training
and test sets, are used by dividing 66% for the training set and 34% for the test set. In evaluating the
estimation performance of the classification algorithms, accuracy, precision, sensitivity, F-measure and
kappa statistics values are taken into account. It has been observed that the most successful classification
algorithm is the Random Forest Algorithm in both methods used to separate the data set into training and test
sets. It is seen that the most unsuccessful algorithm in the classification performed according to the
determined evaluation criteria is the Naive Bayes algorithm.

Keywords: educational data mining; machine learning; classification.

1. Giris

Giiniimiizde makineler, biiyiik miktarda veriyi ¢ok hizl bir sekilde inceleyip anlaml iligkiler bulacak sekilde
egitilmektedir. Disiplinlerarasi bir ¢aligma alan1 olan makine 6grenmesi saglik, ekonomi, astronomi, tip ve

egitim gibi pek ¢ok alanda uygulanmaktadir [1].

Egitim alaninda yapilan makine Ogrenmesi aragtirmalarimin sayist her gegen giin artmaktadir. [2], lise
ogrencileri ile gergeklestirdikleri calismada okulun dogasi ile 6grencilerin akademik basarilari arasindaki iliskiyi
makine Ogrenmesi yontemleri ile incelemislerdir. [3], Hindistan’daki bir ortaokulda 6grenim goéren 400
6grencinin akademik performanslarini etkileyen faktorleri makine 6grenmesi algoritmalari ile incelemistir. [4],
ogrencilerin akademik basarilar iizerinde en ¢ok etkisi olan degiskenlerin anne egitim durumu ve ailenin gelir
durumu oldugunu bulduklar1 ¢alismada basit dogrusal regresyon analizi kullanmuglardir. [5], {niversite
ogrencilerinin performanslarini tahmin etmek i¢in 5 farkli siniflandirma algoritmasi kullanmislar ve yiiksek

tahmin dogrulugu elde etmislerdir.
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Literatiirde yer alan arastirmalar incelendiginde egitimde makine Ogrenmesi yontemlerini uygulayan
calismalarin  genellikle Ogrencilerin performanslart ve akademik basarilar1 {lizerinde yogunlastiklart
goriilmektedir. Oysa, dgrencilerin derse karsi gelistirdikleri tutumun ve tutumu etkileyen degiskenlerin makine
Ogrenmesi yontemleri ile incelenmesinin egitimcilere ve egitim yoneticilerine faydali bilgiler saglayabilecegi
diisiiniilmektedir. Bu amagla ¢alismamizda, lisans 6grencilerinin mobil 6grenmeye yonelik tutumlari makine
O0grenmesi yontemleri ile incelenmis ve ileriye doniik tahminleme yapilmistir. Calismanin ikinci boliimiinde
yontem, tgiincli boliimiinde makine &grenmesi algoritmalari, dordiincli boliimiinde bulgular ve besinci
boliimiinde ise sonug ve Oneriler yer almaktadir.

2. Yontem

Calismada, lisans 6grencilerine demografik bilgiler anketi ve [6] tarafindan gelistirilen mobil 6grenmeye
yonelik tutum 6lcegi uygulanmistir. Ogrencilerin; yas, cinsiyet, simf, interneti hangi amaclarla kullandiklar1 ve
haftalik internet kullanma siiresi verileri kullanilarak mobil 6grenmeye yonelik tutumlarinin tahmini igin
siniflandirilma calismast gerceklestirilmistir. WEKA yazilimi ile gergeklestirilen c¢alismada varsayilan
parametre degerleri ile bes farkli siniflandirma algoritmasi kullanilmigtir. Siniflandirma algoritmalarinin tahmin
etme basarimlarinin degerlendirilmesinde dogruluk, kesinlik, duyarlilik, F-6l¢iitii ve kappa istatistigi degerleri
dikkate alinmistir.

3. Makine Ogrenmesi

Makine 6grenmesinde karar vermek igin insan diigiince yapisini modelleyen algoritmalar gelistirilmektedir
[7]. Uygun makine Ogrenmesi algoritmalari ile biiyiik miktarda veri siniflandirilarak gelecege yonelik
tahminlemeler yapilabilmektedir [8]. Bu ¢alismada Naive Bayes, K-En Yakin Komsu, Destek Vektor
Makineleri, Rastgele Orman ve J48 Karar Agaci siniflandirma algoritmalar1 kullanilmistir.

Naive Bayes algoritmasi, Bayes teoremine dayali olarak gelistirilmis yaygin kullanilan, istatistik temelli bir
algoritmadir [9]. K-En Yakin Komsu algoritmasi, veri setindeki degiskenler arasinda en yakin komsular
bularak siniflandirma analizi yapar. Algoritmanin basarisi, veri seti i¢in uygun bir k parametresi secilmesi ile
yakindan iligkilidir [10]. 1965 yilinda gelistirilen ve gii¢lii bir matematiksel altyapiya sahip olan Destek Vektor
Makineleri algoritmasi n-boyutlu bir hiper diizlem olusturarak verileri siiflandirir [11]. Rastgele Orman
algoritmasi, kategorik ve siirekli verilerin oldugu veri setlerinde kullanilabilirken kayip verilerden de etkilenmez
[12]. J48 Karar Agaci algoritmasi ise kok ve karar diiglimleri olusturarak siniflandirma yapan giiglii ve yaygin
kullanimi olan algoritmalardan biridir.

4. Bulgular
Bu boliimde, lisans oOgrencilerinin mobil Ogrenmeye yonelik tutumlarinin tahmini i¢in uygulanan

siniflandirma algoritmalart sonucunda elde bulgular yer almaktadir.

Tablo 1. 10-fold cross-validation yontemi kullanilarak gerceklestirilen analiz sonucunda siniflandirma algoritmalar
ile elde edilen dogruluk, kesinlik, duyarlilik , F-ol¢iitii ve kappa istatistigi degerleri.

Simiflandirma | Dogruluk (%) | Kesinlik | Duyarhik |  F-dleiitii isﬁiiﬁ% :
Naive Bayes 64.6667 0.647 0.647 0.626 0.47
K-En Yakin Komsu 78.6667 0.789 0.787 0.774 0.68
prestele VetOr 66 0.721 0.660 0.649 0.49
Rastgele Orman 80 0.801 0.800 0.789 0.7
J48 Karar Agaci 78.6667 0.801 0.787 0.770 0.68

Tablo 1’de 10-fold cross-validation yontemi kullanilarak gergeklestirilen analiz sonucunda siniflandirma
algoritmalari ile elde edilen dogruluk, kesinlik, duyarlilik , F-6l¢iitii ve kappa istatistigi degerleri verilmistir.
Tablo 1’e gore biitiin degerlendirme kriterleri bakimindan en basarili siniflandirma Rastgele Orman Algoritmasi
ile, en basarisiz siniflandirma ise Naive Bayes Algoritmasi ile elde edilmistir. Tablo 1’de elde edilen sonuglara
ait siitiin grafikleri Sekil 1 ve Sekil 2’de yer almaktadir.
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Sekil 1. 10-fold cross-validation yontemi kullanilarak gergeklestirilen analiz sonucunda suiflandirma algoritmalari ile
elde edilen dogruluk degerleri.
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Sekil 2. 10-fold cross-validation yontemi kullanilarak gerceklestirilen analiz sonucunda sumiflandirma algoritmalart ile
elde edilen kesinlik, duyarlilik , F-ol¢iitii ve kappa istatistigi degerleri.

Tablo 2’de Percentage split yontemi kullanilarak gergeklestirilen analiz sonucunda smiflandirma
algoritmalar ile elde edilen dogruluk, kesinlik, duyarlilik , F-olgiitii ve kappa istatistigi degerleri verilmistir.
Tablo 2’ye gore biitiin degerlendirme kriterleri bakimindan en basarili siniflandirma Rastgele Orman
Algoritmasi ile, en basarisiz siniflandirma ise Naive Bayes Algoritmasi ile elde edilmistir. Tablo 2’de elde
edilen sonuglara ait siitiin grafikleri Sekil 3 ve Sekil 4’te yer almaktadir.

Tablo 2. Percentage split yontemi kullanilarak gergeklestirilen analiz sonucunda simiflandirma algoritmalart ile elde
edilen dogruluk, kesinlik, duyarlilik , F-6l¢iitii ve kappa istatistigi degerleri.

- - el e Kappa
[0) -
Smiflandirma Dogruluk (%) Kesinlik Duyarhhk F-olgiitii istatistigi
Naive Bayes 52.9412 0.555 0.529 0.537 0.2925
K-En Yakin Komsu 74.5098 0.741 0.745 0.726 0.6145
Destek Vektor 60.7843 0.645 0.608 0.586 0.4231
Makineleri
Rastgele Orman 78.4314 0.784 0.784 0.781 0.6768
J48 Karar Agaci 70.5882 0.709 0.706 0.700 0.5603
100
80
60
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Sekil 3. Percentage Split yontemi kullanilarak gergeklestirilen analiz sonucunda siniflandirma algoritmalart ile elde
edilen dogruluk degerleri.
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Sekil 4. Percentage Split yontemi kullanilarak gergeklestirilen analiz sonucunda siniflandirma algoritmalart ile elde

edilen kesinlik, duyarlilik , F-olgiitii ve kappa istatistigi degerleri.

5. Sonuclar

Bu c¢alismada, lisans 6grencilerinin yas, cinsiyet, sinif, interneti hangi amagclarla kullandiklar1 ve haftalik
internet kullanma siiresi verileri kullanilarak mobil 6grenmeye yonelik tutumlarinin tahmini igin WEKA
yazilimi ile siniflandirilma calismasi gergeklestirilmistir. 5 farkli siniflandirma algoritmasi igin varsayilan
parametre degerleri kullanilmistir. Veri setinin egitim ve test setleri olarak ayrilmasinda 10-fold cross-validation
yontemi ve egitim seti igcin %66, test seti i¢in %34 paylastirarak uygulanan Percentage Split yontemi
kullanilmistir.  Siniflandirma  algoritmalarinin  tahmin etme basarimlarinin  degerlendirilmesinde dogruluk,
kesinlik, duyarlilik, F-0lgiitii ve kappa istatistigi degerleri dikkate alinmustir. Veri setinin egitim ve test setleri
olarak ayrilmasinda kullanilan her iki yontemde de en basarili siniflandirma algoritmasiin Rastgele Orman, en
basarisiz algoritmanin ise Naive Bayes oldugu goriilmistiir.
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Farkl Veri Artirnm Teknikleri ile Derin Ogrenme Tabanh Cilt Lezyonu Tespiti
Deep Learning Based Skin Lesion Detection with Different Data Augmentation
Techniques
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Ozet

Cilt kanseri giintimiizde gorulen en yaygin kanser tiirlerinden biridir. Cilt kanserinin bazi tiirlerine toplumda
daha az rastlanmasina ragmen bu tlir vakalarin 6liimle sonuglanma olasilig1 daha yiiksektir. Cilt lezyonlari iyi
huylu ve kotii huylu olarak iki gruba ayrilir. Bazi cilt lezyonu tiirleri kanser olarak nitelendirilmese de kansere
doniisme egilimi gosterebilir. Cilt lezyonu tiiriiniin erken teshisi, hem kansere doniisme ihtimalini
ongorebilmek hem de uygun biyopsi ve tedavinin secilebilmesi igin son derece dnemlidir. Cilt lezyonunun 6n
tespiti bir profesyonel tarafindan lezyonun karakteristik 6zelliklerine gére dermoskopik olarak yapilabilir.
Ancak dermoskopik yontemler, lezyonlarin birbirine benzedigi durumlarda zaman alabilmekte ve patolojik
sonuglara gore farklilik gosterebilmektedir. Bu calismada derin 6grenme tabanli cilt lezyonu tespitine
odaklanilmistir. Deneylerde 7 simniftan toplam 10015 goriintiiye sahip HAM10000 veri seti kullanilmustir.
Calismada, veri seti siniflarindaki 6rnek sayis1 dengesizligi probleminin stesinden gelmek igin stratejiler
Onerilmigtir. Bu kapsamda veri artirnm agamasinda, 6rnek sayisi fazla olan smiflar ile 6rnek sayis1 az olan
siniflara farkli sayida goriintii ekleme yaklagimi baz almmistir. Calismada 8 farkli veri artirim stratejisi
tasarlanarak deneysel sonuglar elde edilmis ve siniflandirma performansina etkileri incelenmistir.

Anahtar Sozcikler: Derin ogrenme; Cilt lezyonu; veri artirim; siniflandirma; ham210000.

Abstract

Skin cancer is one of the most common types of cancer seen today. Although some types of skin cancer are
less common in society, cases of these types are more likely to result in death. Skin lesions are divided into
two groups, benign and malignant. Some skin lesions is not considered cancer but may tend to become cancer.
Early diagnosis of skin lesion type is essential for both predicting the possibility of transform to cancer, and
for selecting the appropriate biopsy and treatment. Pre-detection of skin lesion can be performed by a
professional according to the characteristics of the lesion dermoscopically. However, the dermoscopic method
may take a long time in cases where the lesions are similar to each other and may differ according to the
pathological results. This study focused on deep learning-based skin lesion detection. The HAM10000 dataset
with a total of 10015 images from 7 classes was used in the experiments. Strategies are proposed to overcome
the problem of sample size imbalance in dataset classes. In this context, in the data augmentation phase, the
approach of adding a different number of images to the classes with a large number of examples and to the
classes with a small number of examples was taken as a basis. In the study, 8 different data augmentation
strategies were designed, experimental results were obtained and the effects of designed strategies on
classification performance were examined.

Keywords: Deep learning; skin lesion; data augmentation; classification; ham10000.

1. Giris

Cilt kanseri en yaygim goriilen kanser tiirlerindendir. Yalmizca ABD’de her y1l 5 milyondan fazla yeni cilt
kanseri vakasima rastlanmaktadir [1]. Melanom, kotl huylu cilt kanserlerinin en nadir gordlen tiir(i olsa da en
yiiksek Oliim sayisina sahip turddr [2]. Amerikan Kanser Toplulugu'na (ACS) gbre 2022 yilinda 99.780 yeni
melanom vakasi ve 7.650 6liim olacagi beklenmektedir [1]. Dogrudan kanser olarak nitelendirilmeyen ancak
kanser onciisii olarak nitelendirilen lezyon tiirleri de bulunmaktadir [3]. lyi huylu cilt lezyonlarinin kansere
doniisme siireci; kisinin UV 1s1n, kimyasal madde ve radyasyon temasi gibi risk faktorlerine maruz kalma
siddetine gore degisebilmektedir. Cilt lezyonlarinin biyopsisi ve tedavisi i¢in bazi yéntemlere basvurulmaktadir
[2], [3]. Ancak uygulanacak bu yontemlerin lezyon tiiriine gére secilmesi gerekmektedir; Ornegin, pigmentli bir
lezyon veya melanom tiirii i¢in shave biyopsisi uygun degildir [2]. Bu sebepten dolay1 cilt lezyonlarinin biyopsi
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ve tedavi 6ncesi 6n teshisinin yapilmasi gerekmektedir. On teshis ise profesyoneller tarafindan bazi cihazlar ile
manuel olarak yapilmaktadir. Dermoskopik olarak yapilan 6n teshis ve patoloji sonuclar1 karsilastirildiginda ise
dermoskopik yontemlerin patolojik yontemlere gore bazi yanlis tanilar koydugu belirtilmistir [4], [5]. Yanlis
tanilar1 ortadan kaldirmak ya da azaltmak i¢in bilgisayar destekli sistemlere ihtiya¢ duyulmaktadir.

Derin 6grenme giiniimiizde pek ¢ok alana dahil edilmekte ve kullanimi arastirilmaktadir [6]. Cilt lezyonu
smiflandirma problemi i¢in pek ¢ok derin 6grenme tabanli ¢alisma yapilmistir. Bu ¢alismalarda cilt lezyonu
tespitine; farkli sinir aglarinin performanslarini karsilastirma, veri setine sentetik gorintl ekleme, gérunti én
isleme gibi farkli yonlerden yaklasilmustir [7], [8]. Huang ve arkadaslarinin yaptigi ¢alismada, hafif bir derin
ogrenme modeli gelistirilmistir. En uygun modelin segildigi bu ¢alismada egitim 2, 5 ve 7 siifli veri setleri ile
yapilmigtir [9]. Veri setlerine gore sirasi ile 89,5%, 72,1% ve 89,5% dogruluk degerleri elde edilmistir. Ergiin ve
Kilig’m yaptiklar1 ¢alismada, 6 farkli derin 6grenme modeli veri artirim ve veri artirimi olmadan egitilerek
performanslari karsilastirilmistir. Modeller veri artirimi olmadan ve veri artirimi ile egitilerek degerlendirilmistir
[10]. Yazarlar, HAM10000 veri setindeki goriintiileri iyi ve kotii huylu olarak 2 sinifa ayirmiglardir. Veri artirma
teknikleri olarak ise yatay ve dikey ¢evirmeler, a¢1 degistirme, yakinlastirma, kontrast ve parlaklik degistirme gibi
teknikler kullanilmistir. Calismada, en iyi sonug¢ 87,5% dogruluk degeri ile ResNet-34 modeline aittir. Jain ve
arkadaslarinin yaptiklar1 ¢alismada alti farkli transfer learning modelinin HAM10000 veri seti (zerindeki
performansi karsilastirtlmigtir [11]. Elde edilen degerlere gore, 90,48% dogrulukla XceptionNet, diger
modellerden daha iyi sonug¢ vermistir.

Calismamizda; veri artirma ve 6n islemede basarisi bilinen yontemlerin, cilt lezyonlarini siniflandirmadaki
performansi incelenmektedir. Veri seti olarak 7 farkli siniftan rnekler barindiran, yaklagik 10000 goriintiiye sahip
HAMI10000 veri seti kullanilmaktadir. Literatiirdeki ¢aligmalardan farkh sekilde; goriintii ¢oziiniirliikleri 64x64
boyutuna kigiltilmiistiir. Model olarak kullanilan 6nceden egitilmis VGG-16 modelinin ise tam bagl katmanlari
yeniden olusturulmustur. VGG-16 modelinin kullanilmasinin sebebi; temel modellerden biri olmasi ve basarili
sonuclar elde etmesidir. Veri artirimi i¢in “performansi iyi yonde etkiledigi bilinen kesme ve dondiirme
yontemleri” [12] kullanilmistir. Veri setindeki dengesizligin tistesinden gelebilmek igin, veri artirimi ile sayica
daha az 6rnek barindiran siniflara daha fazla goriintii eklenirken; sayica oldukga fazla 6rnek barindiran siniflara
ise daha az goriintli eklenmis ya da hi¢ goriintii eklenmemistir. Tasarlanan stratejiler sonucu elde edilen veriler ile
egitilmis modellerin performansi, ham gorintiiler ile egitilen model performanslart ile karsilastirilmigtir.
Tasarlanan veri artirim stratejilerinde kullanilan dontisiim yontemleri ise su sekildedir;

e Sadece kesme (crop)
e Sadece dondiirme (rotate)
o Kesme ve dondiirme kombinasyonlar:

2. Materyal ve Yontem

2.1. Veri Seti

Calismada veri seti olarak 10015 goriintiiye sahip HAM10000 veri seti kullanilmistir. Veri setinde; Aktinik
keratoz ve Bowen hastalig1 (akiec), basal cell carcinoma (bcc), iyi huylu keratoz benzeri lezyonlar (bkl),
dermatofibroma (df), melanoma (mel), melanositik nevis (nv) ve damar lezyonlar:1 (vasc) olmak Uizere toplam 7
lezyon sinifi bulunmaktadir. Caligmamizda, verilerin 70%’i egitim, 30%’u ise test verisi olarak ayrilmistir. Veri
seti, siniflara ait 6rnek sayisina bakildiginda dengesiz bir veri setidir. (Bkz: Sekil 1).

8000
6000
4000

2000

o Lo N

akiec bee bkl df nv vasc mel

Sekil 1 : HAM10000 veri setindeki 7 adet cilt lezyonu sinifi ve ornek sayilart
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2.2 Yontem ve Veri Artirinm Teknikleri

Veri artirimi igin 2 ana yontem kullanilmigtir. Bunlar “Caltech101 veri seti (zerinde en basarili artirim
teknikleri olarak tespit edilen”[12] kesme (crop) ve dondiirme (rotate) yontemleridir. Kesme igin rastgele kesme
yontemi kullanilmistir (Limitleri : 90-128). Dondiirme yontemindeki dondiirme acis1 ise 15° olarak segilmistir.
Secilen teknikler ve limit degerleri, daha 6nceki ¢alismamizda elde ettigimiz sonuglara gore belirlenmistir. Son
asamada ise gorintller, kaynaklarin daha verimli kullanilabilmesi i¢in 64x64 ¢6ziintirligiine distirllmustiir.

Veri artirimda ayrica her smiftaki 6rnek sayisina duyarli bir artirma teknigi kullanilmaktadir. Ornek sayismnin
limit degeri olarak 2000 sayis1 se¢ilmistir. Bu durumda 2000’den az veri bulunduran siniflara daha fazla goriintii
eklenirken; 2000’den daha fazla 6rnek igeren smiflara daha az goriintii eklenmistir. Onerilen “6rnek sayisina
duyarl1” artirim teknigi i¢in siniflara eklenen her yeni goriintii, dondiirme ve kesme teknikleri ile olusturulmustur.
(Bkz. Sekil 2). Onerilen yontemin performansa katkisini incelemek igin 8 farkli veri artirrm stratejisi
gelistirilmistir:

e Strateji 1 : Tim goriintiilere kesme islemi uygulanmaktadir.

e Strateji 2 : Yalnizca az sayida 6rnek igeren sinif gorintilerine (nv smifi disindakiler) kesme islemi
uygulanmaktadir.

e Strateji 3 : Tim goriintiilere kesme islemi uygulanmakta; Nv sinifindaki goriintiilerden 1, diger
smiflardaki goriintiilerden 2’ser goriintii Uretilmektedir.
Strateji 4 : Tum goruntilere déndirme yontemi uygulanmaktadar.

e Strateji 5 : Yalnizca az sayida ornek igeren sinif gorlintilerine déndiurme uygulanmaktadir.
Strateji 6 : Tim gorintilere dondirme uygulanmakta; Nv sinifindaki goriintiilerden 1, diger
smiflardaki goériintiilerden 2’ser goriintii tretilmektedir.

e Strateji 7 : Her iki yontem ile 1’er goriintii tiretilmektedir.

e Strateji 8 : iki yontem ayn1 anda uygulanmaktadir.

(a) (b) ()

Sekil 2 : Deneylerde kullanilan goriintii 6rnekleri [13]
a): Orijinal goruntl (b): Kesme yontemi ile iiretilmis goriintii (C): Déondiirme yontemi ile tiretilmis goriintii
» g Y g

Tasarlanan stratejiler ile elde edilen veri setleri VGG-16 modeli iizerinde egitilmistir. Onceden daha bilyiik bir
veri seti ile gergeklestirilmis 6grenme siirecinin daha kiiglik veri setlerine aktarilmasi smiflandirma basarisini
artirabilmektedir. Ayrica tim egitimi tekrarlamamak agisindan bazi katmanlar dondurularak egitim dist
birakilmaktadir. Bu sayede daha hizli bir egitim stireci gegirilmektedir. Bu ¢aligmada da ilgili model, ImageNet
veri seti tizerindeki agirliklar1 ile dahil edilmis ve tist katmanlar1 dondurularak tam bagh katman yeniden
olusturulmustur.

3. Deneysel Calisma ve Bulgular

Cilt lezyonu goriintiileri 7 sinifta degerlendirilmistir. Veri seti, 70%’1 egitim, 30%’u test verisi olacak sekilde
ikiye ayrilmigtir. Model, kullanilan veri seti ile 30 devir (epoch) boyunca 0,01 6grenme orani ile egitilmistir. Son
olarak; elde edilen 8 farkli modelin performans degerleri karsilastirilmigtir. Veri artirimi yalnizca egitim setlerinde
yapilmistir. Baz1 deneylerde veri dengesizliginin {istesinden gelmek i¢in az sayida ornek igeren siniflara daha
fazla goriintii eklenmistir. Deneylere gore; kesme ve dondiirme yontemi ile yapilan artirrmin, herhangi bir 6n
isleme ve artirim uygulamadan egitilen modelin basarisi1 artirdigi gézlenmistir (Bkz. Tablo 1). Uygulanan
tekniklere bakildiginda, yalnizca kesme (crop) yonteminin kullanildigi modeller daha yiiksek basar1 gostermistir.
2. en iyi yontem dondirme (rotate) olurken; her iki yontemin kullanildigi deneylerde modeller daha az basarili
olmustur.

Deneyler goriintli artirim sayilarina gore degerlendirildiginde; 6rnek sayisi az olan siniflardaki goriintiileri
cogunluk simifa gore daha fazla sayida artirmanin; kesme tekniginin uygulandigi deneylerde model basarisini
olumlu etkiledigi ancak dondiirme tekniginin uygulandigi deneylerde basariy1 gelistirmedigi gézlenmistir.
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Tablo 1. Veri arturum deneylerinden elde edilen basarim sonuglart.

Teknik Dogruluk | Kesinlik | Duyarhlhk | F1-Skor
Veri Artirimi Olmadan (64x64) 0,6744 0,6012 0,6741 0,6266
Veri Artirrmi Olmadan (128x128) 0,7147 0,6746 0,7161 0,6907
Strateji 1 (64x64) 0,7678 0,7333 0,7675 0,7386
Strateji 2 (64x64) 0,7681 0,748 0,7698 0,7538
Strateji 2 (128x128) 0,7725 0,7739 0,7745 0,7726
Strateji 3 (64x64) 0,7698 0,7489 0,7702 0,7516
Strateji 4 (64x64) 0,7655 0,7711 0,7655 0,7645
Strateji 4 (128x128) 0,7735 | 0,7551 0,7712 0,7611
Strateji 5 (64x64) 0,7604 0,7597 0,7618 0,7576
Strateji 5 (128x128) 0,7809 0,7692 0,7796 0,7725
Strateji 6 (64x64) 0,7594 0,7485 0,7597 0,7435
Strateji 7 (64x64) 0,7554 0,7627 0,755 0,7575
Strateji 8 (64x64) 0,7584 0,7513 0,7564 0,7444
Strateji 8 (128x128) 0,7772 0,7495 0,7752 0,7585

4. Sonug ve Oneri

Siniflardaki 6rnek sayilarinda farkliliklar bulunan HAMZ10000 veri setinden elde edilen deneysel sonuclara
gore, az gorintii igeren simiflarda daha ¢ok veri artirimi yapmanin basarimi biraz daha fazla iyilestirebildigi
goriilmiistiir. Onerilen 6rnek sayisma duyarli veri artirim yodntemi, kesme (crop) tekniginin kullamldig
stratejilerde smiflandirma performansini olumlu yonde etkilerken, déndiirme (rotate) yonteminin kullanildigi
stratejilerde performansa katki saglamadigi gozlenmistir. Sonug olarak, énerdigimiz veri artirim yaklasiminin
degisik uygulama alanlarindaki benzer tiirdeki veri setlerine de uyarlanabilecegi; stratejilerin ilerletilerek
basarimin daha da artirilabilecegi degerlendirilmektedir.

Calismada egitilen modellerin cilt lezyonunun on tespitine ne 6lglide katki saglayacagi da incelenmistir.
Hekimler tarafindan yapilan manuel teshislerde en diisiik 25% lik hata orani bulunmaktadir [5]. Bu hata orani
hekimlerin uzmanligia gore degismektedir. Deney sonuglarinda en yiiksek 77% lik dogruluk orani ile 6nerilen
yontemlerin hekimlere 6n teshis i¢in yardimei olabilecegi diigiiniilmektedir.

Literatiirdeki caligmalar, genel olarak daha gelismis modeler ile basarimi artirmaya odaklanmisken; bu
calismada veri artirim tekniklerinin performansa etkisi incelenmistir. Bundan dolay1 bu ¢aligmada literatiirdeki
yiiksek bagarili ¢aligmalara gore daha diisiikk dogruluk degerleri elde edilmistir. Literatiirdeki ¢aligmalarda daha
yiiksek ¢Oziiniirliiklii goriintiilerin kullanilmasi da degerlerin daha yiiksek olmasini saglamaktadir. 128x128 ve
64x64 ¢ozuniirliikteki iki farkli set gortntii ile egitilen modellerin performanslart karsilastirildiginda 128x128
¢Ozlintirlikli goriintiiler ile egitilen modellere ait dogruluk degerlerinin yiiksek olmasi bunu agiklamaktadir.
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Ozet

Metaforlar giinliik sozlii ve yazili iletisimde yaygin olarak kullanilan ifadelerdir. Bu ifadeler, verilen
kelimelerin baglamindaki gergek anlamlarini almak yerine, bir kavram hakkinda baska bir kavram ile akil
yiriiterek dogal dili zenginlestirir. Ancak, bu ifadeler bir makinenin dili anlama yetenegini azaltma
egilimindedir. Bu calismada, Tirkce metinlerdeki metaforlar tespit etmek igin bir yontem sunulmaktadir. Ik
olarak, mecazi ifadelere ait anlamlar ve 6rnek metinler cevrimigi bir Turkce sozlikkten alinmaktadir. Ardindan,
gergek terimi, maskeli dil modelinin ona daha yiiksek bir olasilik atay1p atamadigini tahmin etmek i¢in modelin
puanlama yontemini kullaniriz. Deneysel sonuglar, Tiirkce metinlerdeki metaforlar1 tespit etmek icin
ELECTRA modelinin maske doldurma yontemi kullanildiginda, olusturulan degerlendirme veri seti igin
sunulan yontemin 0,65 olarak en iyi F1 sonucunu elde ettigini géstermektedir.

Anahtar Sozciikler: Maskelenmis dil modelleri; Mecaz tespiti; Turkge.

Abstract

Metaphors are widely-used expressions in daily verbal and written communication. These expressions enrich
natural language by reasoning about one concept in terms of another, rather than taking their literal meanings
of the given words in the context. However, these expressions tend to reduce the capability of a machine to
comprehend language. In this study, we present a method to detect metaphors in Turkish texts. First, we gather
metaphorical expressions with their meaning and sample texts from an online Turkish dictionary. Then, we
employ a masked language model scoring method to predict the real term whether the model assigns it a higher
probability. Experimental results denote that the proposed method achieves the best F1 result as 0.65 for the
generated evaluation dataset when we use mask filling method of ELECTRA model to detect metaphors in
Turkish texts.

Keywords: Masked language models; Metaphor detection; Turkish.

1. Introduction

Metaphor is a widely-used feature of natural language which allows us to conceptualize abstract concepts using
more concrete terminology. Lakoff and Johnson [1] coin the term conceptual metaphor mapping in which a source
concept can be used figuratively to express some aspect of a target concept. Selectional Preference Violation
(SPV) and Metaphor Identification Procedure (MIP) are two main categories of metaphor detection based on
linguistic theories [2]. SPV task concentrates on a semantic contrast between the target word and its context,
whereas MIP focuses on the difference between the literal meaning of the target word and the meaning of this
word in the context of the given text. Both MIP and SPV models are similar while analyzing the relations among
metaphors and their contexts, but these models have different procedures for this analysis.

Mao et al. [2] present end-to-end metaphor identification models for both MIP and SPV tasks for detecting
metaphors. Wu et al. [3] treat the metaphor identification task as a sequence tagging task and present a model
based on Word2vec [4], Part-of-Speech (PoS) tags and word clusters encoded by a Convolutional Neural Network
(CNN) and BiLSTM. Gao et al. [5] propose a method that combines GloVe [6] and ELMo [7] embedding models
encoded by BiLSTM. These end-to-end models require large well-defined training datasets and the production of
this type of training dataset is time-consuming.

To minimize the time-consuming training cost for the generation of the labelled samples for the metaphor
detection task, masked language models provide a competitive performance without any fine-tuning setting. In
this study, we present a method performed on the masked word prediction by adapting it to detect the metaphorical
usage of the input terms. For two sample sentences including either metaphorical or real usage of an input term
that is masked before the detection, the proposed method assigns the given term a higher probability and it tends
to reveal that general usage of the given term occurs often in the real form.
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2. Related Work

Metaphor detection is generally formulated as a binary classification task, either with subject-verb-object
tuples or considering whole sentences as input in which the main aim is to predict metaphorical usage. In early
supervised learning studies on metaphor detection, Birke and A. Sarkar [7] employ seed sets of literal and
metaphorical texts and leverage distributional similarities of these texts to classify verbs in English.

Turney et al. [8] find out the correlation between the metaphorical word usage and the degree of abstractness
of the context of the given words. They select adjectives, nouns, and verbs as target terms. Terai and M. Nakagawa
[9] propose a computational model for metaphor detection based on statistical language analysis of corpora. This
computational model employs frequency data for adjective, noun and verb modifications.

Recently, Wu et al. [3] present a method that encodes a Convolutional Neural Network (CNN) and BiLSTM
on Word2vec, PoS tags and word clusters. Then they encode information directly which is conditioned on a
softmax classifier. Gao et al. [5] propose a model which concatenates GloVe and ELMo embedding models and
encodes them with a BiLSTM. After that, a softmax classifier classifies the hidden states of the BiLSTM. These
sequential metaphor detection methods classify labels over these hidden states. Mao et al. [2] explore linguistic
theories such as MIP and SPV to directly use a deep neural network for end-to-end sequential metaphor
identification task. Their first MIP based model encapsulates the idea that a metaphor is classified by the contrast
between its contextual and literal meanings. Their second SPV model presents a window-based contextual
attentive method that considers important fragments of BiLSTM hidden states and hence it can better extract the
context of the text.

3. Method

The masked word prediction task has been adapted to various tasks such as sentence ranking [10] and automatic
speech recognition [11] by building a sentence-level language scorer. The proposed method predicts the real term
if the masked language model assigns it a higher probability than its local perturbations. The intuition behind the
proposed method relies on sentences using a literal representation of the given term having a higher score than
metaphorical usage. Since a large volume of samples tends to be related to the real-based sentences in the pre-
trained language models as illustrated in Eq. 1:

score(r) > score(m) (1)

where r and m indicate real and metaphorical usage scores of the given term and then if the real usage score is
higher, it is set to 1 for the unlabelled sentence as the detector method.

lifsisr
d(s) = {0 if sism 2)
where d(s) refers to the detector method for the input sentence which consists of the masked version of the
input term either real or metaphorical meaning.
We generate the metaphor detection dataset from Turkish WordNet [12]. For each term, we then query the
Turkish Dictionary [13] to get the term, the meaning of this term, the label as literal or metaphor and sample text
which includes this term. Table 1 illustrates an example of the term “altin (gold)”.

Table 1. Extracted information about sample term “altin (gold)”.

Term Meaning Type Sample sentence

Altin | Bu elementten yapilmig | Gercek | Kolundaki altin kiinye, okudugu kagidin tizerine siirtiiniiyor.
Gold Made of this element Literal The golden imprint on her arm rubs on the paper she reads.
Altin | Ustiin nitelikli, degerli Mecaz Altm ses.

Gold | High quality, valuable | Metaphor Golden voice.

Table 1 denotes the extracted information from the Turkish Dictionary for the example term with their
translations in English. In Turkish, the literal meaning of the term “gold" is an element and it can be used for
defining high quality and valuable concepts. By extracting these terms, we obtain a balanced test set that comprises
641 literal-metaphor usage pairs for each term extracted from the Turkish dictionary.
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4, Results

By using two sample masked sentences for the given term, it predicts whether or not the type of the term is a
metaphor. The generated dataset guarantees that one of the sample sentences includes metaphorical usage of the
given term, and another masked sentence contains real usage of the same term. To differentiate the term in real or
metaphorical usage for the given sentence pairs, we leverage masked language models from Transformers
library’s fill-mask pipeline. The first two models BERT [14] and DistilBERT [15] are pre-trained smaller versions
by preserving the original accuracy from the original model with the same representations [16]. ConvBERT [17]
and ELECTRA [18] are pre-trained models by exploiting the released Turkish part of the multilingual C4 corpus
[19].

Table 2. Comparison between “fill-mask” and “sim-defini” based models.

Method F1
Bert_fill_mask 0.57
Distilbert_fill_mask | 0.59
Convbert_fill_mask | 0.51
Electra_fill_mask 0.65
Bert_sim_defini 0.37
Distilbert_sim_defini | 0.39
Convbert_sim_defini | 0.41
Electra_sim_defini 0.31

We compare “fill-mask” task based language models with their similarity-definition “sim_defini” settings. In
this setting, we compute the cosine similarity between the sample sentence and the definition of the given term
for both real and metaphorical samples. Then we assign the “literal” label in which the sentence-definition pair
has higher cosine similarity. Table 2 denotes that ELECTRA [18] model reaches the highest score while
performing the “fill-mask” task since it operates on the replaced token detection instead of the masked language
model of BERT in which plausible alternative input tokens are replaced from a small generator network. Hence,
it performs better than BERT, Distilbert and ConvBERT, because of learning from all input tokens rather than
just the masked out small subset.

5. Conclusion

In this paper, we proposed a metaphor detection method for separating literal and non-literal usages of terms
through a scorer by using the masked language models. Experimental results show that our method achieves
competitive results when we use the ELECTRA model as the “fill-mask™ scoring method to detect metaphors in
Turkish texts. Moreover, we present the generated dataset [20] for the metaphor detection task that is also useful
for future research in other Turkish NLP tasks.

In future work, we will apply different graph embedding models to the current model. Also, we examine word
embedding-based semantic path similarity methods. We will extend our dataset with other metaphoric expressions
especially from online news and tweets by using semi-supervised learning methods to reach large amounts of
metaphors.
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Abstract

Facial recognition systems are the most widely used biometric identification technology in surveillance
systems. Differences in poses, angles, and any occlusive barriers on the face are the challenges that affect the
success of face recognition systems. Face recognition programs have seen significant success as deep learning
has spread. Generative Adverserial Networks(GANs) have recently come to the forefront due to their high
success in expanding tabular or image datasets, increasing image resolution or clearing occlusion. In this study,
the use of Generative Adverserial Network in face recognition systems was investigated and extensive
information provided about the studies in the literature as well as the various types of GANs. Models which
used to improve face recognition methods were investigated in four different categories, namely Multi-View
Generation, Frontal Face Generation, 3 Dimensional(3D) Model Generation and Removing Occlusions with
GAN:S.

Keywords: Deep learning; face recognition; generative adversarial networks; identity detection.

Yiiz Tanima Sistemlerinin Gelistirilmesinde Kullanilan Uretici Cekismeli
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Ozet

Yiiz tamima sistemleri, gbzetim sistemlerinde en yaygin kullanilan biyometrik kimliklendirme teknolojisidir.
Yiiz goriintiilerindeki a¢inin, pozun farkliligi ya da ylizde herhangi bir tikayici engelin olmasi yiiz tanima
sistemlerinin bagarisim1 etkileyen zorluklardir. Derin &grenmenin kullanimi yayginlastikca yiiz tanima
sistemlerinde 6nemli basarilar elde edildigi goriilmektedir. Uretici gekismeli aglar, tablo veya goriintii veri
kiimelerini genisletmek, goriintii ¢ozliniirligiinii artirmak ya da resimlerde yiizii kapatan engelleri gidermedeki
yiiksek basarilarindan dolay1 son zamanlarda 6ne ¢ikmustir. Bu calismada, Uretici Cekismeli Aglar(GAN)’1n
yliz tanima sistemlerinde kullanimi arastirilmis ve literatiirdeki caligmalar ile ¢esitli GAN tiirlerinin yiiz
tanimada kullanimi hakkinda bilgi verilmistir. Yiiz tanima yontemlerini gelistirmek i¢in kullanilan modeller,
Coklu Gériintii Olusturma, On Yiiz Olusturma, 3 Boyutlu(3B) Model Olusturma ve GAN ile Tikanmkliklari
Kaldirma olmak iizere dort farkl kategoride incelenmistir.

Anahtar Kelimeler: Derin égrenme; kimlik tespiti; iiretici ¢cekigmeli aglar; yiiz tanima.

1. Introduction

Face recognition is the automatic recognition and verification of a person from video or images. Also,
one of the most extensively researched areas of computer vision is facial recognition. In addition to security
systems, it is widely used in business applications such as personnel tracking and mobile payment. There are also
companies that offer facial recognition software as a product. (like SenseTime) However, in order to successfully
perform face recognition, the face must be seen in the right light and from the front. Face recognition is extremely
successful in systems used to unlock mobile phones, where people are aware that face recognition will be
performed and their faces will be correctly displayed [1]. However, in unannounced photographs, low resolution
or when people wear masks, hats, berets, etc., the success of face recognition systems drops clearly. With the
development of technology, easy access to human face images has led to the use of the rapidly growing deep
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learning field in face recognition. The use of deep learning is spreading day by day in order to solve the problems
encountered in face recognition.

Deep learning is based on the extraction of the characteristics of the data by representing it with multiple
layers, that is, the realization of learning. When models are trained with large data sets, image classification studies
using deep learning have shown great performance [2-3]. As a result, data augmentation methods are used to find
a solution, because small data sets cause issues such as overfitting. Many studies have shown that the Generative
Adversarial Network(GANSs) is effective at increasing both tabular and image data [4-5-6-7]. GANs were
introduced by Ion Goodfellow in 2014 [8]. In this model, two different networks, called Generator and
Discriminator, are in conflict with each other. At the end of each training, the generator tries to produce more
realistic data from noise, while the discriminator tries to distinguish whether the generated data is fake or real.
While the Generator and Discriminator try to beat each other, the generator starts to produce better data, while the
discriminator starts to distinguish the real and the fake better. GANs has been used in studies such as image
synthesis [9], image resolution increase [10], and image style transfer [11]. Recent studies in the field of face
recognition have shown that synthesized artificial faces reduce the negative effect of facial deformation on face
recognition [8,12]. In this study, GAN models used to diversify and expand the data set that increase the success
of face recognition systems were investigated.

2. Methods Used to Improve Face Recognition

As shown in Table 1, the usage of GANSs in face recognition has been investigated into four categories:
Multi-View Generation, 3D Model Generation, Frontal Face Generation, and Removing Occlusions with GANS.

2.1. Multi-View Generation

The term Multi-View Generation is used in our study to mean producing multiple images from a single
image. The use of deep learning in face recognition systems has made it necessary to use a large amount of data.
However, there is not always the required number of images for successful facial recognition. For this reason,
multi-image production with image synthesis is generally done to eliminate the bad effects of exposure differences
and different light of the image on face recognition. It is aimed to obtain poses that do not exist by referencing a
face picture. Yu et al. suggested using multiple images for face recognition in order to eliminate the disadvantage
of pose differences [13]. As a similar study, the DC-IGN model proposed by Kulkarni et al. is composed of
multiple layers of convolution and de-convolution operators and generates multiple images with different pose
and light [ 14]. In addition Tian et al used an encoder-decoder as a generator and created a model called CR-GAN
to generate multiple views [15]. In a related manner, Zhuang et al proposed the CycleGAN model in which the
landmarks of the face key points and the details of the shapes are retained [1].

2.2. 3D Model Generation

3 Dimensional(3D) face synthesis is one of the collaborative fields of machine learning and computer vision,
as it avoids pose differences and different lights from interfering with face recognition. 3D Model Generation is
the work that takes two-dimensional face images as input and serves to complete the invisible parts of the face in
three dimensions [16-17]. The goal of this method is to create the desired face or facial geometry in 3D. For this
reason, it also includes frontalization by making two-dimensional images three-dimensional. Moschoglou et al.
proposed an autoencoder-like network approach called 3DFaceGAN, which allows the face to be synthesized in
three dimensions while preserving its details [18]. Also, Geger et al. have developed model named GANFIT to
produce photorealistic facial reconstruction using a 3D Morphological Model fitting technique [19]. Similarly,
Luan et al. have proposed the use of a dual-pahway network to facilitate learning, suggesting a Nonlinear 3D
Morphable Model that will successfully reconstruct details in 3D [20].

2.3 Frontal Face Generation

The majority of facial recognition systems require human faces to be at a frontal angle. The bad effect of
non-frontal images on face recognition success necessitated working on face frontalization techniques. Face
frontalization is one of the computer vision challanges that goal to align faces from different perspectives to a
frontal position [21]. Face Frontalization is used in our study to mean the production of two-dimensional frontal
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face images using non-frontal images. Face frontalization studies using deep learning have shown significant
success [22-23-24-25].

Especially, the use of Generative Adverserial Network in face frontalization yielded successful results in
the literature. By using the Generative Adversarial Network, front-face synthesis can be made by using images
where the face is not fully visible, such as the side profiles of the people. In this context, Yin et al. proposed the
Face Frontalization Generative Adversarial Network model which they named FF-GAN to produce neutral head
poses of face images [26]. Also, Shen et al. have proposed a model called FaceID-GAN for synthesizing frontal
face images while preserving the identities of individuals [27]. Many GAN-based face frontalization methods,
however, continue to perform poorly on face recognition tasks in large face poses. Rong et al. have proposed
Feature-Improving GAN (FI-GAN) for face frontalization with the goal of improving recognition performance
under large face poses [28]. In addition, Huang et al. have proposed a Two-Pathway Generative Adversarial
Network (TP-GAN) for photorealistic frontal view synthesis that perceives global structures as well as local
details at the same time [29]. Moreover, Tran et al. showed that their proposed DR-GAN model can take a large
number of inputs and synthesize a combined representation or random synthetic picture of these inputs [30].

2.4. Removing Occlusions with GANs

Face occlusions are a significant issue that affects the recognition rate and robustness of face recognition
systems. There are two techniques, discarding and filling, which are used as solutions to partial occlusion
problems on face recognition. The discarding method is based on various algorithms removing the occlusion
covering the face and performing face recognition on the remaining portion. However, the applicability of this
method is limited because occlusion can occur in important parts of the human face, such as the eyes, mouth, and
nose. The filling method is based on repairing and filling the ocluded part of the face and then facial recognition.
Although deep learning applications have had some success in clearing occlusion, the main success has come
from the use of GANs. As an example, Duan et al. worked on face recognition by de-occlusion with the Boosting
Generative Adversarial Network they developed using GANs [31]. Also, Ju et al. have proposed the Complete
Face Recovery GAN (CFR-GAN) model to fill in collapsed tissues and lost areas [32]. Besides that, Doung et al.
proposed a two-stage Occlusion-Aware GAN (OA-GAN), in which the missing parts are completed using GAN
in the first stage, and de-occluded face synthesis is performed in the second stage [33].

Table 1. Models Produced Using GAN in Facial Recognition Development.

Reference ID Used Methods Used Types of GANs
[14], [15], [1] Multi-View Generation DC-IGN, CR-GAN, CycleGAN
[18], [19], [20] 3D Model Generation 3DFaceGAN, GANFIT, Nonlinear 3DMM
[26], [27], [28], [29], [30] Frontal Face Generation FF-GAN, FacelD-GAN, FI-GAN, TP-GAN, DR-GAN, DA-GAN
[31], [32], [33] Removing Occlusions with GAN BoostGAN, CFR-GAN, OA-GAN

3. Conclusions

Facial recognition systems are the most widely used and studied biometric systems. Problems such as the
difference in pose, different light and angle, also occlusion on the face in the images for which face detection is
desired affect the success negatively. In addition, the small amount of data on which the model is trained also
reduces the success of the model. In this study, different versions of the Generative Adverserial Networks, which
were created to increase the success of face recognition systems, are examined. The multi-view generation method
for the problem of low amount of data, the face frontalization method for the problem of different poses, and the
application of 3D face generation and removing occlusion methods using different GAN types for cases where
the face is occluded are analyzed.
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Abstract
Wireless communication technology provides uninterrupted and fast access to information. The importance
of this technology is increasing day by day. The most important part of this technology is the antennas that
provide wireless communication. Therefore, in this paper, a microstrip Wi-Fi antenna with a resonance
frequency of 2.4 GHz has been designed. The estimation of the scattering parameters of the original
microstrip antenna design at the operating frequency of 2.4 GHz using machine learning algorithms has been
performed and a more successful final antenna design has been obtained. By changing the geometric
parameters of the antenna design developed using CST Studio Suite, 125 different S;1 parameters have been
obtained with the parametric sweep feature of CST. These results have been used as a dataset. The results
obtained have been obtained in two types of magnitude in dB form and linear magnitude. Decision Tree
Regression machine learning algorithm has been applied to the results of two different scattering parameters.
When the machine learning results have been examined, it has been achieved that the model had R? value of
0.94 and a mean squared error value of 0.06 for the Si; in dB results, and R? value of 0.98 and a mean
squared error value of 0.02 for the linear Si1 results.

Keywords: Microstrip Antennas; Antenna Design; Wi-Fi Technology; Machine Learning; Regression.

1. Introduction

Today, wireless communication technology has increased considerably due to the technical improvement in
modern communication components compared to the conventional microwave/millimeter wave components [1-
5]. Antennas are the radiating elements in wireless communication technology. The increase in the variety of
modern devices using wireless communication technology makes it necessary to design compact antennas.
Microstrip antennas can be used in this field due to their small size, easy production, and low production cost
[6]. A microstrip antenna consists of a dielectric substrate with a ground plane on the underside and a radiating
patch on the other side [7]. The rapid developments in wireless communication technology make it more
difficult to design antennas to be used in this field. The microwave simulation programs used in this field meet
the need to produce the exact results, but these programs cause a lot of time to spend on antenna design. This
causes various problems. It would be wise to use machine learning algorithms to solve these problems [8].
Machine learning is a branch of artificial intelligence (Al) and computer science that focuses on the use of data
and algorithms to imitate the way people learn, gradually increasing its accuracy. Machine learning can be
briefly defined as follows; predicting the necessary but unknown data from the data obtained, through the
development of successful prediction algorithms. Therefore, these algorithms are needed very significantly in
optimization problems [10]. Also, in recent years, machine learning-assisted optimization (MLAOQO) has become
widely used to speed up the design process of antennas [8-9].

In this paper, the machine learning-based estimation of the scattering parameters of a U-shaped slotted
microstrip patch antenna loaded with a slotted line in the middle of a U-shaped slotted resonator is presented at
an operating frequency of 2.4 GHz.

2. Purpose

The purpose of this paper is to achieve a successful antenna design that can be used in 2.4 GHz Wi-Fi
applications by applying machine learning-assisted optimization (MLAO) to an antenna design that has been
developed. In recent years, it has become clear that Wi-Fi technology is involved in all parts of our lives. that is
why a successful antenna design is needed to be developed in this field [11]. Also, machine learning algorithms
have been investigated in detail, when the studies conducted are examined, it is observed that it is important to
use MLAO to optimize the antenna design that will be performed. Therefore, this paper aims to demonstrate the
importance of MLAO for successful antenna design and to realize a successful antenna design with machine
learning support.
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3. Material and Method

3.1 Antenna Configuration and Design

It is desired that the designed antenna has resonance in the 2.4 GHz frequency band, which is used as the Wi-Fi
frequency band. For this purpose, a double-sided copper plated FR-4 material of thickness 1.6 mm with a
dielectric constant of 4.3 and a loss tangent of 0.02 is selected as the suitable substrate material The ground
layer of the antenna is completely covered with a copper layer. Also, the geometric configuration of the
developed antenna is given in Figure 1 and all information about the dimensions of the developed antenna is
given in Table 1.

WS

S==b x

N

Figure 1. Front View and Back View of Designed Antenna

Table 1. Dimensions of Proposed Antenna

LS LP LT L1 L2
41 mm 23 mm 13.2 mm 15.3 mm 11 mm
L3 L4 L5 L6 L7
3.2mm 14 mm 0.4 mm 0.5 mm 3.3 mm
WS WP WT - W1 W3 W4
44 mm 24 mm 3mm 7mm 4 mm

There are different types of microstrip antenna feeding methods. Some of these types are microstrip feeding,
coaxial feeding, aperture coupled feed, and proximity coupled feed method [12]. The antenna design developed
is fed using the microstrip line feeding method. The design of the antenna is carried out using CST Studio Suite
Electromagnetic Simulator. According to the simulation results obtained in the CST environment, the graph of
the S11 parameter belonging to the antenna is given in Figure 2.
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Figure 2. S;1 Parameter of Designed Antenna

3.2 Machine Learning in Antenna Design

Machine learning algorithms aim to minimize the antenna design time by reducing the number of simulations
expected to be performed by maintaining a high level of accuracy, aiming to predict the performance of the
antenna with the least error rate. To use machine learning algorithms in antenna design, the following steps
should be followed, respectively.
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1. Extraction of the electromagnetic characteristic of the antenna by performing multiple simulation
operations,
Saving the obtained dataset in the database for use in the training of machine learning algorithms,
3. After the training process is performed, an estimate of the desired parameter is performed by
machine learning. The optimum antenna design is realized by determining the values closest to the
desired result [13].

Firstly, the operation in the first step specified above is performed. The electromagnetic characteristic of the
antenna is obtained using the parametric sweep feature of CST. Changes in the design parameters at the stage of
performing multiple simulations are given in Table 2. Here, W1 is the width of the outer slots. Also, changes in
this parameter affect the length of the L2 parameter because changes have been applied to W1 by keeping
constant the distance between the inner slot and outer slots. In other words, the width of W1 has been increased
or decreased from the outer surface. L1 is the length of the outer slots. L4 is the length of the inner slot.

N

Table 2. Antenna Design Parameters for Dataset

Parameter Change Rate Step Size Number of Samples
w1 [1-5] (mm) 1 mm 5
L1 [13.3-17.3] (mm) 1 mm 5
L4 [12-16] (mm) 1 mm 5
Total Data: | 125

Secondly, according to the results obtained from multiple simulations, the results of the S;1 parameter
belonging to the antenna are recorded in the database as dB and linear. Finally, machine learning algorithms are
trained using the obtained dataset. Using the algorithms that have been trained, an estimation of the design
parameters is performed, which will give the minimum Si: value of the antenna. According to the results
obtained, an antenna design with optimal antenna performance is performed.

4. Findings

When the studies carried out in this field are examined, it is seen that the regression algorithms including
Support Vector Regressor, Linear Regression, Naive Bayes, Decision Tree [8,13,14] are utilized. Support
Vector Regressor, Linear Regression, and Decision Tree machine learning algorithms have been developed in
the Python environment for this study. When the prediction results of the developed algorithms are examined, it
is observed that the best results are obtained in the Decision Tree algorithm. Therefore, the Decision Tree
algorithm is selected for machine learning-assisted optimization (MLAO) in this study. The data of the
prediction results of the developed Decision Tree algorithm are given in Table 3 and Table 4. The results in
Table 3 are the results estimated using the dataset obtained decibel. The results in Table 4 are the results
estimated using the dataset obtained linearly. Prediction results of the decibel scattering parameters at the
resonance frequency of the proposed antenna design for 10 sample test data are given in Figure 3.a. Prediction
results of the linear scattering parameters at the resonance frequency of the proposed antenna design for 10
sample test data are given in Figure 3.b.

Table 3. Algorithm Results of Magnitude in dB Dataset Table 4. Algorithm Results of Linear Dataset

Mean Absolute Error 0.106 Mean Absolute Error 0.087
Mean Squared Error 0.062 Mean Squared Error 0.020
Root Mean Squared Error 0.249 Root Mean Squared Error 0.140
R Square Value 0.938 R Square Value 0.98
o Decision Tree Actual vs Predicted Values Decision Tree Actual vs Predicted values
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Figure 3. a) Actual / Predicted Data with Decibel Dataset, b) Actual / Predicted Data with Linear Dataset
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5. Results and Recommendations

In this study, firstly, a microstrip antenna design with a resonant frequency of 2.4 GHz has been realized that
can be used in Wi-Fi applications. The proposed antenna design has been fed using the microstrip line feeding
method. FR-4 has been used as the dielectric material and copper has been used as the radiating surface. The
simulation stages have been carried out in the CST Studio Suite environment. Secondly, the electromagnetic
characteristic of the antenna developed using CST is obtained. Therefore, by changing 3 different design
parameters, a dataset consisting of 125 samples showing the change of scattering parameters has been obtained.
Thirdly, the Machine Learning algorithm, which is necessary for estimating the performance data of the
antenna, has been developed in the Python environment. That algorithm is the Decision Tree machine learning
algorithm. The dataset has been divided into 0.2 test and 0.8 training. Finally, the results have been examined by
running the developed algorithm. It has been observed that the obtained results have an acceptable level of
predictive performance. Also, it has been observed that the accuracy of the algorithm increases when the dataset
recorded as linear is used in the prediction algorithm. Antenna optimization will be achieved in quickly, using
the obtained machine learning algorithm without the need for long-time simulation stages.
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Ozet

Teknolojinin giinden giine gelismesiyle birlikte tiim sistem ve veri tabanlarinda artarak devam eden
miktarlarda veri muhafaza edilmektedir. Artan veri sayilari teknolojinin son kullanicilari olan bizlerin, anlamli
verilere giin gectikge ulagmakta zorlanacagimiz anlamina gelmektedir. Sistem ve veri tabanlarindaki
verilerinin yapisi incelendiginde ¢ogunun s6zel - metinsel verilerden yer aldigi goriilmektedir. Bu metin
verilerinin ¢ogunlugunun iglenmemis olmasi, veri tabanlar1 sorgulamalarinda hizli ve anlamli sonuglar
almamizi engellemektedir. Bu problemden yola gikilarak bu ¢alismada, metinlerdeki anlamli verilerin gok hizli
bir sekilde elde edilmesi amaci ile internet ortamindan se¢ilen metinsel veriler belirli bir sekilde islenerek bir
grafik model olusturulmaktadir. Sec¢ili metin verilerinden bilgi c¢ikarmak icin eksiksiz bir algoritma
onerilmistir. Bu ¢alisma, segili metin verileri lizerindeki ortak referanslari (CoRef Coziinirliigli) ¢6zme
algoritmasi ile birlikte, metin verilerinden tekrarlanan kelimelerin ne ve kim oldugunu belirlemekle baslar.
Ortak referanslari alinan metin orijinal haline gdre sadelestirilmis ve programlamaya uygun hale getirilmistir.
Bir sonraki adimimiz, ortak referanslari alinan metni Open Information Extraction (Stanford OpenlE)
algoritmasi kullanarak i¢lii anlamli veriye doniistiirmektir. Metinden ¢ikarilan tiglii ifadeler, metin icerisindeki
kelimeler arasindaki iligkileri daha ayrintili olarak anlamamiza yardimei olur. Bu ¢alismanin tiglincii adiminda
metinlerden ¢ikarilan ifadeler bizim istedigimiz dil yapisina doniistiiriilebilmesi adina metinsel ¢eviri islemi
uygulanacaktir. Caligmanin son asamasinda ise Ui¢lii yapiya doniistiiriilen metin verilerini islemek i¢in Neo4j
yazilimi kullanilmistir. Bu ¢alismada segili metin verileri grafik veri tabaninda islenmis ve grafik veri
tabaninda sorgulama yapilarak metindeki anlamli veri ve veri kiimelerine hizli bir sekilde ulagabilmektedir.
Anahtar Sozciikler: Dogal dil isleme; Graf veri tabani; Metin verileri; Neo4j; Ortak referans ¢oziimii

Abstract

With the day-to-day development of technology, increasing amounts of data are stored in all systems and
databases. The increasing amount of data means that we, the end users of the technology, will find it difficult
to access meaningful data day by day. When the structure of the data in the system and databases is examined,
it is seen that most of them are located from verbal-textual data. The fact that the majority of this text data is
not processed prevents us from obtaining fast and meaningful results in database queries. Based on this
problem, in this study, in order to obtain meaningful data in texts very quickly, textual data selected from the
Internet environment is processed in a certain way and a graphical model is created. This work begins with
determining what and who the repeated words are from the text data, together with the algorithm for decoding
common references (CoRef Resolution) on the selected text data. The text with common references has been
simplified according to its original form and made suitable for programming. Our next step is to convert the
text with common references into triple data using the Open Information Extraction (Stanford OpenlE)
Algorithm. Triple phrases deciphered from the text help us to understand the relationships between texts in
more detail. In the third step of this study, a textual translation process will be applied in order to convert the
expressions extracted from the texts into the language structure we want. At the final stage of the study, Neo4;j
software was used to process text data converted into a triple structure. In this study, the selected text data is
processed in the graph database and can be queried in the graph database to quickly access meaningful data
and datasets in the text.

Keywords: Common reference solution; Graph database; Natural language processing; Neo4j ; Text data
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1. Giris

Diinyamizda teknolojinin ¢ok hizli bir sekilde gelisme gosterdigini gérmekteyiz. Bu gelismeler sadece
teknoloji  temelli sektorlerin de Otesinde tiim sektorleri etkileyebilecek bir sekilde yayginlasgtigini
gbzlemlemekteyiz. Bu gelismeler, sektorlerin ilerlemesi i¢in hizli destek vermesinin yaninda is yiikii boyutunda
veri tabanlarinda olusturduklari veri sayilar1 olduk¢a artmaktadir. Artan veri sayisi, son kullanici olan bizler i¢in
istedigimiz veriye ulagmakta zorluklar yasayacagimiz anlamina gelmektedir.

Bilgi iletisim teknolojilerinin hayatin hemen her alanina girmesi, hizli ger¢eklesen teknolojik gelismeler veri
boyutlarindaki ve tiirlerindeki artis1 tetiklemektedir. Bu nedenle veri yiginlar1 arasindan anlamli, ise yarar bilgi
elde edilebilmesi agisindan veri analizi i¢in veri madenciligi kavrami [1] ortaya ¢ikmistir. Veri Madenciligi ile
beraber veri tabanlar1 igerisinde istedigimiz veriye hizli ve kolay bir sekilde ulagilabilmektedir. Yapilan caligma
veri madenciligin bir alt tiirli olan metin madenciligi iizerine ¢alismalar gerceklestirilmistir. Metin Madenciligi
yararli, ilging ve daha 6nce bilinmeyen bilginin, bilgi islem metotlar1 ve teknikleri ile metin halindeki veriden
elde edilmesi olarak tanimlanabilir [2].

Dijital doniisiim ile hayatimiza giren yeni iletisim ortamlar ile biiyiik veri yigminin ¢ogunlugunu olusturan
yapisal olmayan igeriklerin hacmi dramatik bir artig gostermistir.[3] Graf veri tabanin veri isleme ve veriye erisim
kisimlarindaki kolayliklari, yapilmis olan ¢alismanin graf tabaninda islenmesine ve degerlendirilmesine yol
acmaktadir. Yapilan literatiir taramalarinda da metin verilerinin graf veri tabanina islenmesinin en dogru sonuglar
ortaya ¢ikaracag diistiniilmektedir.

2. Amacg

Gelisen teknolojik imkéanlar ve yontemler ile beraber ¢ok hizli bir sekilde veri yapilarinda ve veri sayilarinda
artiglara sebebiyet vermektedir. Veri sayilarindaki artiglar son kullanici olan bizler i¢in dogru ve anlamli olan
veriye erisilebilirligi azaltmakla beraber belirli zorluklar1 ortaya ¢ikarmaktadir. Diinyamizdaki olan veri y1ginlari
arasinda metin verilerinin oran1 oldukca yiiksek olup, bilgi ve bilgi topluluguna ulasilabilmesi i¢in metin verileri
anahtar bir rolii bulunmaktadir.

Metin verileri lizerine uygulanan metin madenciligi iglemini 2 adimda siralanmaktadir. Bunlardan birincisi,
metin madenciligi uygulanan metin verisinin anlagilmasi ve 6zetlenmesi ile baglamaktadir. Segilen metin verisinin
programlamaya ve sonu¢ ¢ikarilmasina uygun olacak hale getirilmesi ile baslanmaktadir. Ikinci adim olarak
metinin modellenmesi ile beraber metin igerisindeki verilerin birbirleri ile olan iliskilerinin ortaya ¢ikarilmasidir.

Yapilan bu ¢aligmada, internet ortamindaki secili metin verileri izerinde belirli algoritmalarin uygulanmasi ile
beraber metin igerisinde istedigimiz veriye veya veri topluluguna hizli ve kolay bir sekilde ulasilmasi
amaclanmaktadir.

3. Materyal

Yapilan bu ¢alisma ile dogru ve giivenilir veriye ulagsmanin yani sira segili olan verinin metin verileri olmasi
nedeniyle bu ¢aligmanin kapsaminin oldukga genis bir alan1 bulunmaktadir. Diinyamizda bulunan veri ve veri
topluluklarinin neredeyse biiyiilk cogunlugu metin verilerinden olusmasi, bu ¢aligmanin etkisini ve kapsamini
oldukga biiyiik olacag diisiiniilmektedir.

4. Yontem

Bu caligsma, internet ortamindan secili metin verilerinin iizerinde bir dizi islemlerden gecirilerek anlamli ve
dogru veriye ulagilabilmemizi saglamaktadir. Secili metin verileri ham, smiflandirilmamis ve islenmemis
verilerden olusmaktadir. Bu da son yararlanici olan bizlerin metinleri analiz edilirken ihtiya¢ duyulan veriye
ulasmamizda zorluklar yasatmaktadir. Bu zorlugun asilabilmesi adina bu calismamizda metin madenciligi
yapilarak, ham veriyi Sekil-1’de 6nerilen algoritmalardan sirasi ile gegirilerek anlaml veriye doniistiirme islemi

gerceklestirilmistir.
A F=4 A ™
> | — 3 @@ - w >
=% e ) - A
Ak Bilgi - -
% Ovrtak Referams . . Grafl
Aletin Chrsnirliga Cikarma Cevir "_"":?Il“m
Sekil-1: Algoritma Semast [4]
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4.1.0rtak Referans Coziiniirliigii (Coref Resolution)

Ortak referans ¢Oziiniirligii algoritmasi, se¢ili metin verisi iizerinde kelimelerin neyi ve kimi referans ettiginin
coziimlemesini gergeklestiren bir algoritmadir. Bu algoritma secili metin verisindeki ciimle igerisinde gecen tiim
kelimeleri analiz eder ve analizleri sonucunda ciimleler arasinda kelimelerden hangisinin birbirlerine referans
ettiginin ¢oziimlemesini yapar. Bu ¢6ziimleme, smiflandirilmamis olan ham metin verisinin anlamli veriye
doniistiirme islemlerinin ilk adimi olarak goriilmektedir.

4.2. Acik Bilgi Cikarma(Stanford OpenlE)

Acik Bilgi Cikarma (Stanford OpenlE) algoritmasi ortak referans ¢oziimlemesi yapilmis olan segili metnin
icerisinden tgclii (triple) dedigimiz yapilar ¢ikarilmaktadir. Secili metin verisi i¢indeki ciimleler kelimelerden
olugmakla beraber bir kural yapisi icerisinde hareket etmektedir. Bu kural yapisi tim dillerde oldugu gibi
ciimlenin 6gelerden olugmasina ve kuralli bir sekilde bir araya gelmesinden meydana gelmektedir. Kelime
topluluklarinin bir climle olusturulabilmesi i¢in 6zne, nesne ve yiiklemden olusmasi gerekmektedir. Tablo-1’de
acik bilgi ¢ikarma algoritmasinin ciimlenin dgeleri iizerindeki dagilimim yapilarak {iglii (triple) ¢ikarma islemi
goriilmektedir.

Ozne Nesne Yiiklem
1 Tiirkiye’nin En Kalabalik Sehri Istanbul’dur.
2 Elaz1g Dogu Anadolu Bolgesinde Yer almaktadir.
3 Ankara’nin 25 ilgesi Vardir.

Tablo-1: A¢ik Bilgi Cikarma — U¢lii Cikarimi
4.3. Ceviri
Bu c¢aligmadaki {i¢iincii asama olan c¢eviri algoritmasi, segili metin verisinde acgik bilgi ¢ikarimi
gerceklestirilmis verilerin istedigimiz dil tiirline gevrilebilmesi adina Google geviri programi eklentisinden
yararlanilmistir. Bu sekilde ¢alismanin tiim diller iizerine etkisi incelenerek Onerilen metin madenciliginin
kapsami genigletilmistir.

4.4. Neo4j — Graf Veritabani

Neo4j programi Neo4j Inc. tarafindan gelistirilen bir grafik veri tabani yonetim sistemidir. Bu program acik
kaynak kodlu NOSQL, ACID ile uyumlu bir graf veri tabani sistemidir. Bu veri tabani sistemi igerisinde graf veri
tabanin1 olusturarak islenmesi amaglanmaktadir. Graf veri tabaninda istedigimiz verilerin birbirleri ile olan
iliskilerini Graph Teorisine gore baglantilar ve diigiimler olacak sekilde gosterilmeltedir. Neo4j programinda veri
yapist iki sekilde yer almaktadir. Bunlar; baglantilar ve diigiimler olacak sekilde 2 adettir. Programda baglantilar
yapisi diigiimler igerisinde yer alan veri iligkilerini, diigtimler ise islemis oldugumuz verileri gostermektedir.

5. Bulgular

Yapilan bu ¢alismada, sekil-1’de bahsedildigi gibi ¢alismanin 4 asamadan olusan algoritma semasinin tiim
adimlari, se¢ili olan su metin verisi tizerine uygulanmustir. “Harput, Tiirkiye'de bulunan antik bir sehirdir. Harput
Elazig ilindedir. Harput, Elazig ilinin en 6nemli tarihi bolgesidir. Harput, Harput Kalesi ile iinliidiir. ”

Calismanin birinci agamasinda ortak referans ¢oziiniirliigii algoritmasindan yararlanilarak se¢ili metnin, ortak
referanslarinin alinmasi ile beraber tekrarlanan kelimeler segilerek ciimlenin daha programlanabilir ve yalin hale
getirilmektedir. Ortak referanslari alinan metine acik bilgi ¢ikarimi algoritmasi uygulanarak secili metin
icerisinden Ozne, yiiklem ve nesne yapilari ¢ikarilarak tiglii(triple) yapisina cevrilmistir. Sonrasinda g¢eviri
algoritmasi kullanilarak calismanin evrensel olmasi adina secili metin Ingilizce diline ¢evrilmistir. Tablo-2’de
gosterilmektedir.

Ozne Yiiklem Nesne
1 Harput IS an ancient town in Turkey
2 Its site(Harput) IS now in the Elaz1g Province
3 This area (Harput) is the most important historical region of the city of this.(Elaz1g)
4 The town(Elaz1g) is famous for Harput Castle,
Tablo-2: A¢ik Bilgi Cikarimi Algoritma Ciktist
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Bu ¢alismanin dordiincii ve son agamasinda, ii¢lii yapilarin Neo4j programi kullanilarak grafa islenmesi ve
sorgulanmasi yapilmaktadir. Segilen metinin agik bilgi ¢ikarma (OpenlE) algoritmasi uygulanmasi ile elde edilen
0zne, yiiklem ve nesne verileri seklinde Neo4j programina Sekil-2(a)’da goriildiigi gibi islenmistir.

ATCH p=()-[r:1 1=( y LIMIT 25

- o o -
e © © o
- e o ©
e o
@ - (0)

Sekil-2: (a)Neo4j Programi Diigiim-Baglant1 Verileri (D) Neodj Veri Sorgulamasi

Dugiim verileri islenmesinden sonra, OpenlE algoritmasi sonucunda ortaya ¢ikan tgliiler temel alinarak
diiglimler arasinda baglantilar olusturulmustur. Sekil-2(b)’de goriildiigii gibi Neo4j programi baglantilart “link”
olarak ifade etmistir. Ayni veriye ait olan bilgileri ise “same” olarak ifade etmistir. Neo4j programi {izerinde grafa
islenen metin verisi artik ham ve anlamsiz olmaktan ¢ikarak, sorgulama islemi yapilmasina olanak verecek hale
getirilmistir. Sekil-2(b)’de gorildiigii gibi ciimle igerisindeki “Elazig” 6znesini graf veri tabaninda aratilmasi
gerceklestirilmistir.

6. Sonuc¢

Yapilan bu ¢alismada, segili metin verisinin dnerilen algoritma semasinda sirasi ile ortak referans ¢oziintirligi,
acik bilgi ¢ikarimi algoritmalari, ¢eviri ve Neo4j programindan yararlanilarak graf veri tabanina iglenmesi
gerceklestirilmistir.  Graf veri tabanma iglenen veriler sorgulama islemleri yapilarak, islenmemis ve
siiflandirilmamis olan metin verilerinin anlamli sonuglar ortaya konulmasi i¢in ¢alisma gergeklestirilmistir. Graf
veri tabaninda gergeklestirilen sorgulamalar ile dogru ve hizli bir sekilde veriye ulasim saglandigi gosterilmistir.
Bu caligma, veri madenciligini alt dalindan biri olan metin madenciligi literatiiriine bir katkinin yan sira segili
veya toplu olarak bulunan metin verilerinin analizinde graf veri tabanin kullanilmasini1 hedeflenmektedir.

Oniimiizdeki calismalarda, metin verilerinin daha detayli analizlerinin yapilabilmesi adina yapay zeka
algoritmalar1 ekleyerek bu alandaki ¢aligmalart ilerletilmesi amaglanmaktadir.

7. Tesekkiir
Bu calisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) tarafindan 118C127°nolu proje
kapsaminda desteklenmistir. Yazarlar saglanan destek nedeniyle TUBITAK ’a tesekkiir eder.
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Ozet

Yenilenebilir enerji kaynaklarinin elektrik {iretimindeki payimnin artmasiyla beraber elektrik {iretiminin
planlanabilmesi i¢in bu kaynaklardan elde edilecek elektrigin dogru tahmin edilmesi daha da Gnem
kazanmistir. Yenilenebilir enerji kaynaklarindan iiretilecek elektrigin dogru tahmin edilmesi, sebekede
bulunacak elektrik miktarinin ayarlanmasi, akilli kampiis ve akilli bina gibi uygulamalar i¢in gereklidir. Bu
calismada, Izmir Bakircay Universitesi giines enerji santralindeki saatlik elektrik iiretimi meteorolojik veriler
kullanilarak yapay sinir agi ile tahmin edilmistir. Bu tahminlemede kullanilan meteorolojik veriler, saatlik
kiiresel giines radyasyonu, bulutluluk, ortalama sicaklik, ortalama riizgar hiz1 ve giinliik yagis miktaridir. Bu
meteorolojik veriler kullanilarak hazirlanan veri seti NARX modeli kullanilarak islenmis ve elektrik tiretimi
tahmin edilmistir. 3 yillik periyotta 28 ayimn elektrik iiretimi saatlik olarak tahmin edilmistir. 5 deneme
listelenmis ve en iyi sonug veren model ortaya konmustur. Ortalama mutlak hatanin kullanilabildigi verilerde
hata %15,9869, kok ortalama kare hatasi en disiik ayda 3,9744 en yiiksek oldugu ayda hata 22,2385 olmustur.
Anahtar Sozciikler: Akilli kampiis; NARX ; tahminleme; zaman serisi.

Abstract

With the increase in the share of renewable energy sources in electricity production, accurate estimation of the
electricity to be obtained from these sources has become more important in order to plan electricity production.
Accurate estimation of electricity to be produced from renewable energy sources, adjustment of the amount of
electricity to be found in the grid, is necessary for applications such as smart campus and smart building. In
this study, hourly electricity production in Izmir Bakirgay University solar power plant was estimated by
artificial neural network using meteorological data. The meteorological data used in this forecast are hourly
global solar radiation, cloudiness, average temperature, average wind speed and daily precipitation. The data
set prepared using these meteorological data was processed using the NARX model and electricity generation
was estimated. Electricity production for 28 months in a 3-year period is estimated on an hourly basis. 5 trials
are listed and the model with the best results is revealed. In the data where the mean absolute error could be
used, the error was 15.9869%, and the root mean square error was 3.9744 in the lowest month and 22.2385 in
the highest month.

Keywords: Forecasting; NARX ; smart campus; time series.

1. Giris

Ulkemizin elektrik iiretiminde yenilenebilir enerji kaynaklarmin yeri giinden giine artmaktadir. Oyle ki 2010
yilinda yenilenebilir enerji ve atiklarin elektrik iiretimindeki pay1 %1,9 iken 10 y1l sonra 2020 yilinda {iretimin
%16,8’1 yenilenebilir enerji kaynaklarindan ve atiklardan elde edilmistir[1]. Elektrik iiretiminde yenilenebilir
kaynaklarin kullanilmasinda yasanan bu artis, gecmis yillara kiyasla elektrik tiretiminin tahmin edilmesini daha
da 6nemli kilmustir. Fosil yakit santralleri elektrik iiretimi, titketim talebine goére arttirilabilir veya azaltilabilir.
Yenilenebilir enerji kaynaklarinda ise elektrik tiretimi doga kosullarina baglidir. Fosil yakit kullanan santrallerin
aksine yenilenebilir enerji santrallerinde elektrik iiretimini arttirmak veya azaltmak mimkiin degildir[2]. Bu
nedenle bu santrallerin iiretecegi elektrigin dogru tahmin edilmesi elektrik arz giivenligi ve elektrik maliyetinin
distiriilmesi i¢in olduk¢a 6nemlidir [3]. Bunun yani sira, giiniimiizde ciddi bir tehdit unsuru olan kiiresel 1sinma
ve enerjide disa bagimlilik gibi problemler de elektrik iiretiminin ve tiiketiminin dogru dengelenmesi ile
asilabilir[4]. Yenilenebilir enerji kaynaklarindan iiretilecek elektrigin dogru tahmin edilmesi fosil yakitlar ile
tiretilecek elektrigin dogru miktarda olmasini saglar ve bu durum kaynak israfinin oniine gecer[3] [5].

Yenilenebilir enerji kaynaklarindan elde edilecek enerjinin dogru tahmin edilebilmesi yalnizca ulusal sebeke
icin degil, akilli sebeke uygulamalari igin de oldukga 6nem arz etmektedir. Kendi elektrigini iiretmeyi hedefleyen
Izmir Bakircay Universitesi i¢in de elektrik iiretiminin dogru tahmin edilebilmesi zaruridir. Bu ¢alismada Izmir
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Bakirgay Universitesi giines enerji santralinin elektrik iiretimi yapay sinir aglari ile tahmin edilmektedir. Bu
tahmin modelinin tiniversitenin gelecek yillardaki enerji politikalarina katki saglayacaktir.

2.Materyal ve Metod

2.1Veri seti

Tahmin modelinde kullanilan veriler Meteoroloji 2. Bolge miidiirligiinden alinmigtir. Verileri kullanilan
istasyonlar 17789 MENM (Menemen) istasyonu ve 17218 LTBL (Cigli) istasyonudur. Menemen istasyonu,
otomatik meteoroloji gozlem istasyonuyken ¢igli havaalani istasyonunda otomatik meteoroloji gozlem
istasyonunun yani sira sinoptik ve metar gozlem de yapilmaktadir. Menemen istasyonu Izmir Bakirgay
Universitesi giines enerji santraline kus ugusu 8,41km mesafedeyken Cigli havaalani istasyonu Izmir Bakircay
Universitesi giines enerji santraline 8,53km mesafededir.

Modelde kullanilan girdilerden saatlik kiiresel giines radyasyonu verisi Menemen istasyonundan alinmis olup
birimi wattsaat/m? dir. Veri setinde 00.00 olan iiretimler dahil 10317 veri bulunmaktadir. Saatlik bulutluluk verisi
Cigli istasyonundan almmis olup, Menemen istasyonunda yoktur. Bulutluluk &lgiimleri OMGI’lerde
yapilmamakta olup klima sinoptik ve metar rasatlari yapan istasyonlar tarafindan yapilmaktadir. Saatlik toplam
bulut kapaliligi 6l¢iimii 8/8 (8 OKTA) olarak yapilmaktadir. 1 ve 2 az bulutlu, 3 ve 4 pargali bulutlu, 5,6 ve 7 ¢ok
bulutlu 8 ise gokyiizii tamamen bulutla kapli anlamina gelmektedir. Saatlik bulutluluk verilerinde 19496 adet veri
bulunmaktadir. Saatlik ortalama sicaklik verisi menemen istasyonundan alinmistir. Birimi C®dir. Sicaklik
Olciimleri golgede ve 2 metre yiikseklikte dlgiilmektedir. 1 temmuz 2019 ile 31 ekim 2021°¢ kadar olan donemde
20408 adet veri bulunmaktadir. Saatlik ortalama riizgar hiz1 verisi menemen istasyonundan alinmigtir. Birimi
m/s’dir. 1 temmuz 2019 ile 31 ekim 2021’e kadar olan donemde 20424 adet veri bulunmaktadir. Giinliik toplam
yagis miktar1 verisi menemen istasyonundan alinmistir. Giinliik toplam yagis miktar1 6lglimleri iginde bulunan
giintin 06:00 UTC saati ile bir dnceki giiniin 06:00 UTC saatleri arasinda yapilmaktadir. Temmuz 2019 ile ekim
2021 tarihleri arasinda 854 adet veri bulunmaktadir.Bu verilerin haricinde ge¢mis iiretim verileri de sisteme girdi
olarak verilmistir. Cikt: verisi ise Izmir Bakir¢ay Universitesinden alinmistir. Uretim olmayan saatler dahil toplam
20041 adet veri bulunmaktadir.

2.2 Metot

Bu ¢alismada matlab programinin neural network start eklentisi kullanilarak tahminleme yapilmistir. Neural
network start eklentisinin dinamik zaman serileri i¢in kullanilan tool’u olan time series app kullanilmigtir. Time
series app bir veya birden fazla zaman serisinin ge¢misteki degerlerinin kullanildig: bir tiir dinamik filtrelemedir.
Bu dinamik sinir ag1 dogrusal olmayan filtreleme ve tahminler i¢in kullanilmaktadir. Kullanim alani oldukga
genistir. Finansal analistler bir hisse senedinin, tahvilinin veya bir diger finansal aracin gelecekteki degerini
tahmin etmek igin kullanirken, bir mihendis jet motorunun yaklagan arizasini tahmin etmek igin
kullanabilmektedir[6].

Tahminleme islemlerinde ti¢ farkli dogrusal olmayan zaman serisi ile problemler ¢oziilmektedir. Dis girdili
dogrusal olmayan otoregresif ag (NARX), dogrusal olmayan otoregresif ag (NAR) ve dogrusal olmayan girdi-
¢ikt1 bu serilerdir. Olusturulan modelde tahminleme igin tahmin edilecek veri ve bu veriden dnceki 2 saatin verisi
girdi olarak verilmesi planlanmistir. Bu nedenle mevcut seriler arasinda se¢im yapilirken NARX 6n plana
¢cikmistir NARX modeli, zaman serilerinde siklikla kullanilan ARX’in modelini temel almaktadir. NARX’in karar
verici esitligi Denklem( 1) ile verilmektedir. Burada t zaman, y tiretim miktarini, y(t-1) ile y(t-n) onceki tiretim
verilerini u(t-n) ifadesi de diger meteorolojik verileri girdileri temsil etmektedir.

y(©) = £ (y(t = 1,y(t = 2), ., y(t = ny), ult = D, ult = 2), .., u(t = ny)) )

Tahminlemenin yillik yapilmasi durumunda 1sinlarin giines panellerinin {izerine farkli agilarda diismesi basta
olmak {izere yil igerisinde meteorolojik kosullarin ¢ok farklilagsmasi gibi nedenlerden dolayr model istenen
basar1y1 gosterememektedir. Tahminlemenin aylik yapilmasi durumunda ise, giineslenme siiresinin diistiigii ve
buna bagl olarak elektrik iiretiminin azaldig1 kasim, aralik, ocak gibi kig aylarinda yapay sinir agini egitecek
sayida girdi bulunmadigindan dolay1 istenen basariya yine ulagilamamaktadir. Mevsimlik modelde
tahminlemenin yapilacagi aralik yilliga gore kisaldigindan sistem daha benzer kosullarda ¢alismaktadir. Bu
nedenle sistemin basarisi yillik ve ayliga kiyasla daha iyidir. Ancak veri seti incelendiginde mevsimlik yerine
yilin 4 ¢eyregini baz alan modeller daha basarili goriilmiistiir. Ocak-Subat-Mart ayalar1 ilk ¢eyregi nisan-mayi1s-
haziran ikinci ¢eyregi temmuz-agustos-eyliil tiglincii . ceyregi ekim-kasim-aralik son ¢eyregi olusturmaktadir. Bu
modelin mevsimlik modelden daha dogru sonug verdigi goriilmiistiir.

Elektrik {iretiminin tahmin edilecegi araligin belirlenebilmesi igin saat 03.00 ile saat 18.00 arasindaki iiretim
degerleri Tablo 1.’de goriildiigii gibi incelenmistir. Yapilan bu incelemenin sonucunda iiretim degerlerinin g¢ok
kiigiik oldugu 03.00-04.00-16.00-17.00-18.00 saatleri tahmin modelinden ¢ikarilmigtir. Saatlik tahminler 1
temmuz 2019’dan 31 ekim 2021’e kadar olan donem ig¢in yapilmustir.
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Tablo 1. Saatlik verilerin incelenmesi.

Saat Toplam Uretim olmayan 5'ten kii¢iik 10'dan kiiciik En kiiciik En biiyiik
(GMT) veri veri iiretim iiretim iiretim iiretim
03.00 835 570 812 834 0 19,32
04.00 835 241 389 480 0 54,51
05.00 835 85 165 197 0 140,07
06.00 835 45 65 88 0 218,04
07.00 835 39 45 53 0 292,56
08.00 835 42 46 48 0 304,94
09.00 835 38 42 49 0 320,85
10.00 835 36 41 46 0 333,96
11.00 835 36 39 49 0 316,02
12.00 835 41 48 55 0 291,87
13.00 835 43 82 124 0 240,81
14.00 835 129 186 222 0 192,51
15.00 835 285 351 369 0 97,29
16.00 835 439 543 606 0 345
17.00 835 713 835 835 0 2,07
18.00 835 831 835 835 0 0,19

Modelin hata degerlendirilebilmesi i¢in hata kareler ortalamasinin karekdkii (HKOK / RMSE) ve ortalama mutlak
hata kullanilmigtir.

N (Predicted; — Actual;)?
HKOK(RMSE) = = N‘ ) )
Actual — Predicted
OMH(MSE) = 3
Actual

Tahminleme islemi i¢in olusturulan yapay sinir agi1 12 girdiye sahiptir. Girdi katmani, gizli katman ve ¢ikt1
katman1 olmak {izere 3 katmandan olusan yapay sinir aginin gizli katman ndron sayis1 10’dur.Egitim algoritmasi
olarak bayesian regularization’1 kullanmaktadir.
3.Bulgular ve Tartisma
Bayesian regularization algoritmasi kullanilarak yapilan elektrik {iretimi tahminleri incelendiginde, kok
ortalama kare hatalar1 tablo 2. deki gibidir. Tabloda T1,T2,T3,T4 ve TS5 ile yapilan gosterim ayni yapay sinir
aginda farkl test ve egitim veri setleri ile yapilan 5 farkli tahminlemeyi gostermektedir. Tablo incelendiginde
goriilmektedir ki En basarili tahminlemenin yapildigi 1. tahminde en az hata 3,9744 iken en yiiksek hata
22,2385°tir. Kis aylarinda kok ortalama kare hatasi diisiik c¢ikarken yaz aylarinda daha yiiksek ¢ikmaktadir.
Ortalama mutlak hatanin kullanildigi {iretimin O olmadig1 7588 verinin ortalama mutlak hatas1 ise %15,9869°dur.
Tablo 2.Saatlik tahminlerin aylik hata kareler ortalamasinin karekokii ¢izelgesi
Tarih T1 T2 T3 T4 T5 Tarih T1 T2 T3 T4 T5
Tem.2019 | 5,9 17 8,04 7,4 | 18,99 | Eyl.2020 | 14,72 | 24,27 | 17,61 | 23,22 | 16,82
Agu.2019 | 9,66 | 11,18 | 10,13 | 13,44 | 12,23 | Eki.2020 | 12,25 | 18,46 | 14,44 | 12,29 | 12,92
Eyl.2019 | 12,28 | 1399 | 16,1 | 12,97 | 19,49 | Kas.2020 | 3,97 | 4,56 | 4,61 | 456 | 7,08
Eki.2019 | 9,76 | 11,03 | 13,42 | 12,41 | 29,19 | Ara.2020 | 12,68 | 14,82 | 12,87 | 13,88 | 12,81
Kas.2019 | 6,85 | 10,33 | 9,26 | 8,89 | 10,31 | Oca.2021 | 7,77 | 828 | 869 | 7,51 | 8,04
Ara.2019 | 11,14 | 13,18 | 144 | 12,31 | 12,47 | Sub.2021 | 7,84 8,85 | 11,04 | 13,38 | 13,14
Oca.2020 | 13,32 14 14,28 | 16,39 | 17,13 | Mar.2021 9,6 | 1456 | 11,07 12 12,5
Sub.2020 | 18,82 | 24,37 | 21,81 | 30,87 | 23,07 | Nis.2021 | 13,55 | 15,44 | 15,72 | 1891 | 14,75
Mar.2020 | 10,91 | 15,29 | 17,05 | 14,81 | 14,71 | May.2021 | 7,87 | 9,19 | 851 | 11,41 | 10,41
Nis.2020 | 17,33 | 19,38 | 18,71 | 18,2 | 22,79 | Haz.2021 | 14,34 | 18,73 | 15,72 | 16,24 | 16,98
May.2020 | 17,02 | 21,14 | 21,07 | 21,94 | 19,6 | Tem.2021 | 18,32 | 19,57 | 18,99 | 20,17 | 19,59
Haz.2020 | 10,27 | 13,74 | 33,09 | 24,46 | 12,2 | Agu.2021 | 22,23 | 23,8 | 27,38 | 23,37 | 22,54
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Yapilan saatlik tahminlemenin 01.07.2019 tarihi ile 31.07.2019 tarihleri arasinda bir aylik siirecte ger¢eklesen
elektrik iiretimi ve tahmin sekil 2.’de gosterilmistir.
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Sekil 2. Temmuz 2019 donemine ait elektrik iiretim ve tahmin degerleri

Benzer ¢alismalarda Y.E.Kiymaz “Giines enerjisi santrallerinde derin 6grenme kullanilarak elektrik tiretimi
tahmininin yapilmas1” adli yiiksek lisans tezinde saatlik elektrik tahmini icin SARIMA ve LSTM modellerini
kullanmais ve her veri setinin %70’ini egitim %30’unu test olarak ayrilmistir. Cumra’da kuruldugu belirtilen 1MW
giiciindeki Santral A GES’ine ait performans sonuglari sdyledir: SARIMA modelinde hata kareler ortalamasinin
karekokii 1525,37 ortalama mutlak hata 2326754, LSTM modelinde ise hata kareler ortalamasinin karekoki
1163,62 ortalama mutlak hata ise 1354012 olmustur. Tuzluk¢u’da kuruldugu belirtilen IMW giiciindeki Santra_B
GES’ine ait performans sonuglari ise soyledir: SARIMA modelinde hata kareler ortalamasinin karekokii 1994,28
ortalama mutlak hata 3977153, LSTM modelinde ise hata kareler ortalamasinin karekokii 1314,93 ortalama
mutlak hata ise 1800776 olmustur [7]. M.F. Bek¢iogullar1 ve ark.’nin “Giines enerjisinin kisa-donem tahmininde
farkli makine 6grenme yontemlerinin karsilastirilmasi” adli makalede 1 saat 2 saat ve 3 saat sonrasinin tahmini
icin makine 6grenme yontemlerinden destek vektér makinesi (DVM), dogrusal regresyon (DR), karar agaci
regresyonu (KAR), topluluk regresyonu ve gauss siireci regresyonu(GSR) kullanilmigtir. TR,KAR,DR,DVM ve
GSR yontemleri i¢in sirastyla 1 saat sonrasi tahmin edildiginde olugan hatalar sdyledir: RMSE i¢in: TR 0,0582
KAR 0,0517 DR 0,0946 DVM 0,0244 ve GSR 0,0388 MSR i¢cin TR 0,0344 KAR 0,0272 DR 0,0694 DVM 0,0154
VE GSR 0,0257 olarak hesaplanmustir [8].

4 Sonug ve Oneriler

Yapilan bu ¢alisma ile Izmir Bakirgay Universitesi giines enerji santralinin elektrik iiretimi saatlik veriler
kullanilarak yapilan tahminler ortaya konmustur. Yapilan bu tahminleme ile elektrik tiretimi 1 saat dnceden
tahmin edilebilmektedir. Ekstrem hava olaylarinin yasanmadigi giinlerde sistemin dogrulugu daha da artarken,
mevsim normallerinin ¢ok disinda Slgiimlerin gerceklestigi giinlerde dogruluk diismektedir. Ekstrem hava
olaylarinin haricinde bulutlulugun yiiksek oldugu giinlerde de elektrik {iretim tahminlerinde sapma meydana
gelmektedir. Bu sapmalara ragmen %15,9869°1uk ortalama mutlak hata ve 3,9744 ile 22,2385 arasinda degisen
kok ortalama kare hatasi ile sistem belli bir bagartya ulasmistir.

Gelecek calismalarda ekstrem meteorolojik parametrelerin tahmin tizerindeki etkisinin azaltilmasi igin
caligmalar yapilmasi planlanmaktadir. Bunun haricinde iiretimin daha erken tahmine edilebilmesi iizerinde
caligmalar yapilacaktik. Uretimin 1 saat énceden degil 1 giin 1 hafta gibi daha erken tahmin edilmesi gerekli
planlama ve aksiyomun alinabilmesi i¢in daha fazla vakit ayirilabilmesine imkan saglayacaktir. Yapilan bu
calisma ve gelecekte yapilacak calismalar ile Izmir Bakirgay Universitesi’nin gelecekteki akilli kampiis
uygulamalarina ve tiniversitenin hedefleri arasinda yer alan kendi elektrigini {iretme hedefine katki saglayacaktir.
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Abstract

One of the main reasons that the topology of mobile ad hoc networks (MANETS) has been changed rapidly
in recent years is node mobility. Therefore, even though the network topology is constantly changing,
setting up a system that can detect network traffic anomalies with high accuracy is a fundamental problem
for these networks. On the other hand, anomaly detection is indispensable in so many fields that it has
received a lot of attention in recent years. Various anomaly detection approaches have been proposed, with
isolated forests being one of the most common. In practice, anomaly detection data can be collected in a
distributed manner using MANET's wireless sensor network. The lack of interpretability is one of the
primary challenges that Isolation Forest confronts. It is, on the other hand, a Blackbox algorithm. Lots of
machine learning algorithms which are used nowadays are black box we just have information about inputs
and outputs without a considerable knowledge about their insides. Internal model information, such as the
structures, optimization strategy, or training dataset, is not openly shared since it caused in many cases leak
private information or make the system more susceptible. Such isolation forest attributes may be determined
via a sequence of queries, as described in this study. This has several repercussions. However, our study
reveals the susceptibility of Blackbox isolation forest to several forms of assaults — in this study we prove
that exposed the information inside the black box algorithm are more coherent adversarial instances against
the black box model. On the other hand, with ad-hoc algorithm examples, this method may be applied to
better analyze and evaluate isolation forest. In compared to existing state-of-the-art anomaly detection
techniques for ad-hoc algorithms, the suggested algorithms will not only perform well in terms of anomaly
identification, but will also run rapidly and require less CPU memory.

Keywords: Anomaly detection; Interpreting; Machine Learning; Mobile ad hoc networks

1.Introduction

Mobile ad hoc networks (MANET) are self-organized networks of mobile nodes that interact with one
another using wireless connections with no infrastructure [1]. Each mobile node acts as both a terminal and
a router, forwarding traffic from one node to the next. An important MANET reactive routing solution is
the ad hoc on-demand distance vector (AODV) [2]. When the source node sends data to the destination
node, it is intended to reduce the need for broadcast throughout the route search process. The source node
sends a route request packet (RREQ) to the neighboring node and waits for a response. An intermediate
node with a new route to the source or destination node receives a route response packet (RREP) [3].
Because MANETSs have a dynamic topology and lack centralized monitoring, security is a serious problem.
Flooding, Blackhole, Neighbor, and Rushing assaults have all been recognized as plausible routing attacks
against these networks [4].

There are two sorts of security solutions offered for MANETSs: prevention and detection. The first line of
defense against an attack is typically preventative tactics. We cannot, however, rely completely on them. If

79



the preventive strategy fails, you can adopt detection tactics. Signature-based detection and anomaly
detection are two basic types of these techniques.

If the current network activity matches a known attack signature, a signature-based detection approach
identifies the attack. One approach to anomaly detection is to model a typical network activity and consider
deviations from that model as anomalies. Anomaly detection techniques have the advantage of not requiring
known attack signatures and can detect unexpected attacks [3]. Identifying anomalies in isolated forests is
a two-step method. The first step (training) is to build an isolated tree from the training set subsamples. In
the second stage (evaluation), the test cases are walked along the isolation tree and each anomaly score is
calculated. iTree is generated during the training phase by iteratively splitting subsample X until all
instances are isolated. Each iTree consists of a subsample X' randomly selected from X without being
replaced. Counting the number of edges e from the root node to the external node as instance x moves
through the iTree during the evaluation phase produces a single root length h (x) (x). When the traversal
approaches the preset height limit him, the return value will be e plus adjustment ¢ (size). This adjustment
compensates for using size data to find the average root length of a random subtree that can be generated
with data that exceeds the tree height limit. The anomaly score is calculated when h (x) is collected for each
tree in the ensemble [5].

Due to its established efficiency and inexpensive computational work, isolated forests are one of the most
widely used algorithms in the field of anomaly detection. The lack of interpretability that plagues the
quarantine forest is the result of the inherent unpredictability that drives the division of the quarantine tree,
which is the building part of the quarantine forest [6].

The black box model takes a series of query inputs and provides relevant output while masking the
underlying conditions such as the model architecture. These are intentionally used as black boxes to protect
intellectual property or private training data. In our research, we are trying to know detail of black-box
machine learning in order to convert it to a white box model. The effects of such "whitening" on black box
models are wide-ranging. On the one hand, this has a legal impact on Isolation Forest's intellectual property
(IP). Internal knowledge of the model architecture can be proprietary and important intellectual property,
while training data can be sensitive information. Revealing secret data can also make your model more
vulnerable to enemy attacks. However, gaining knowledge of the black box model are utilized in other
situations. For example, work is being done to use hostile entities to shield private areas of auto-recognized
images (such as faces) [7]. A better understanding of cognitive function increases your chances of
protecting your privacy in such cases. In any case, investigating the category of knowledge inside the black
box algorithm and its size and quantity that can be collected are used to approach to the machine learning
is an important subject of research.

2.Literature Review

The focus of my research was to extract and use information from black box learning algorithms. [8, 9]
proposes to generate an avatar model that maximizes the probability that a model extraction attack will
recover certain model parameters or that the I / O pair of the query will come from the target model [8].
Equation-solving attacks and avatar strategies have been shown to succeed in determining internal
parameters of non-neural network models by [8] and [9] also uses a different approach and they look the
problem from different lens of view with the ultimate goal of creating hostile instances. It discriminately
trains metamodels to predict model hyperparameters such as model families (architecture) and training data.
The avatar approach, on the other hand, presume model hyperparameters such as their architecture, structure
and training subset. Avatar's approach complements our approach. If a particular example is included in the
training set, a membership inference attack determines this [10; 11]. Ateniese et al. (2015) Specific training
on decision tree metamodels containing different classifiers are trained on dissimilar and alternative subsets.
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This piece of work survey more than just deriving training data and proves that model’s structure and
optimization processes which is one of their achievements derived.

3. Model Framework

The attributes of a trained isolated forest model imply to different kinds of knowledge about the model.
These fall into three categories: (1) architecture, (2) optimization, and (3) training data. Treat this problem
as if it were a standard supervised learning task using a model. First, assemble a set of diverse white box
models (“meta training sets”) that aim to match the target black box to some extent. Then use the
metatraining data to train unique algorithm which is called metamodel, that accepts the model as input and
provides the features of the model as output. Because we try to estimate attributes when testing the black
box model, the only information you can use for attribute prediction is the query I / O pair. With this
combination of inputs and outputs, you can predict model properties very well. Summary (1) Investigate
the category and size of internal knowledge and detail about the black box model that can be derived through
queries. (2) A new metamodel approach that considers the output from static query input, and in addition
to that it actively optimizes the interrogation and survey the input to extract additional information. (3)
Investigate issues such as meta-training set size, number and standards which is used in queries, and
discrepancy between meta-training model and black box algorithm. (4) Empirical verification that the
published knowledge accelerates to an increase in the sensitivity of the black box model to attacks according
to the example of the enemy.
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Figure 1: Framework of proposed method
Conclusion

The goal of our research training is to deepen our knowledge of machine learning and its structure, and to
present and make a better framework for isolated forests for future research. Isolated forests can be analyzed
in an ad hoc way to identify anomalies. You can see if this detection is reliable. In addition, this study
provides knowledge about isolated forest structures and architects.
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Ozet

Korleme satrang, insan beyninin hafiza yapisinin ve simirlarinin arastirilmasinda 6zellikle ilgi
cekicidir. Korleme satrangta, oyuncu tahtayr gérememekte, boylece durumu hafizasinda goérsellestirerek
hamlelerini sesli soylemektedir. Bu ¢aligmada, korleme satrang i¢in sesli komutlarin taninmasinin ilk adima,
satrang figiirli seslendirmelerinin kelime tabanli belirlenmesi ve siniflandirilmasi tizerinde durulmustur. Mel
frekans katsayilart MFCC ve Mel spektrogramlari, ses verileri i¢in 6znitelik vektorii olarak kullanilmigtir. Bu
vektorlerin siniflandirilmasi yapay sinir aglari ile yapilmistir. Yapilan testler sonucunda giiriiltiilii ortamlarda
%99 basar1 elde edilmistir.
Anahtar Sozciikler: Konusma Tamma, Korleme satrang, Yapay Sinir Aglari, Mel Frekans Kepstral
Katsayilar, Giiriiltit Azaltma.

Abstract

Blindfold chess is of particular interest in the research of the memory structure and limits of the
human brain. In blindfold chess, the player cannot see the board so the player visualizes the situation and
make his moves aloud. In this study, the first step of recognition of voice commands for blindfold chess,
word-based determination, and classification of chess figure vocalizations have been emphasized. Mel
frequency coefficients and mel spectrograms have been used as the feature vector for audio data. The
classification of these vectors has been made by using artificial neural networks. As a result of the tests, 99%
success has been obtained in noisy environments.
Keywords: Speech Recognition, Blindfold chess, Artificial Neural Networks, Mel Frequency Cepstral
Coefficients, Noise Reduction.

1. Giris

Korleme satrang; bir oyuncunun tahtaya bakmadan, notasyonlar1 kullanarak oynandigi satrangtir[1]. Bu
durumda oyuncu satrang tahtasini gérmedigi icin taslari kullanamaz ve hamleleri gérmeden, zihninde
canlandirarak sesli sekilde sdyler. Konusma tanima sistemleri sesli komutun bir hamleye cevrimi i¢in
kullanilabilmektedir. Ornek olarak Wang ve arkadaslar1 [2]’de korleme satrang igin konusma tanima tabanli bir
egitim sistemi {lizerinde c¢alismiglardir. Bu nedenle giiriiltiilii ortamlarda notasyona uygun sesli sekilde ifade
edilen hamlelerin taninmasi 6nem tagimaktadir.

Glinlimiizde basarili konusma tanima sistemleri genellikle fonem tabanli istatistiksel sistemler veya ugtan-
uca derin aglarin kullanimi ile galigmaktadir. Geleneksel sistemler olan istatistiksel fonem tabanli sistemlerde
kullanilan akustik modellerin amaci harflere ait fonemleri, kelimelere ait fonem kombinasyonlari ile
eslestirilmeye caligmaktir. Diger taraftan dil modelleri ise dile ait kurallarla akustik modelin bagarisini artirarak
sesin taninmasina yardimci olmaktir. Fonemlerin belirlenmesinde ve hizalanmasinda Sakli Markov Modeli
(HMM), simiflandirilmasinda ise genellikle Gauss Karisim Modeli (GMM) kullanilirken giiniimiizde
smiflandirma basarisi nedeniyle Derin Sinir Aglar1 (DNN) tercih edilmektedir. Diger yandan daha popiiler olan
uctan-uca yontemler ise temelinde Yinelemeli Derin Aglari veya Transformer tabanli olarak problemi ele
almaktadir. [3]’da olusturulan Tiirk¢e konusma tanima sisteminde fonem tabanli HMM-GMM, HMM-DNN
yapilar kullanilarak bunlarin basarisi kiyaslanmigtir. Bu c¢aligsmada, izole edilmis satrang seslendirmelerinin
stmflandirilmast igin kelime tabanli bir sistem olusturulmustur. Insan kulaginin sesi algilama bigimine yakinlig
sebebiyle Mel-Frekans Kepstral Katsayilari (MFCC) 6znitelikleri kullanilmustir. Siniflandirma igin ise DNN
tercih edilmistir. Ahmed [4]’de Cagr1 merkezlerine 6zel olarak konusma tanima gergeklestirmistir. Calismasinda
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klasik yontem olan HMM altyapisini kullanmistir. Kutucu ise [5]’de CNN kullanimu ile Tiirk¢e konugma tanima
tizerinde ¢alismustir. Fakhan [6]’de dikkat ¢ekici bir caligma gergeklestirerek yenilik¢i Transformer modelleri ve
basarili diger modelleri kullanarak Ingilizce veri setlerinden dgrenilen bilgiyi Tiirkge konusma tanima igin
basar1y1 artirict yonde uyarlamisgtir.

2. Amag¢

Calisgmanin amaci kdrleme satrang icin giiriiltiili ortamlarda sesli komutlarin taninmasinin ilk adimi olan,
satrang figiirlerine ait Tiirkge seslendirmelerinin kelime tabanli olarak geleneksel yontemler ile belirlenmesi ve
siiflandirilmasidir. MFCC ve Mel spektrogramlari, ses verileri igin Oznitelik vektorii olarak kullanilmigtir.
Oznitelik vektorleri yapay sinir aglar1 yardimyla siniflandirilmistir. Yeni bir yaklasim olarak satrang figiir
seslendirmelerine ait spektrogram gériintiilerinin basarrya katkis1 incelenmistir. Ote yandan Tiirkce hedeflenerek
gergeklestirilen bu ¢alismanin gelecekte ¢ok dilli girisler ve ugtan-uca modeller ile aragtirilmasi ise sonraki adim
olarak planlanmigtir.

3. Materyal ve Yontem
3.1. Oznitelik Cikarma

Oznitelik ¢ikarimi tiim diger tanima sistemlerinde oldugu gibi konusma tanima sistemleri i¢in de dnemli bir
asamadir. Iyi oznitelikler beraberinde iyi tespitleri getirir. Ses verisi zamanla degisen bir yapiya sahip
oldugundan geleneksel konusma tanima sistemleri sinyalin duragan akustik 6zelliklere sahip oldugu kisa
pargalar tizerinde 6znitelik ¢ikarimina odaklanmislardir. Literatiirde insan algisina benzerlik gésteren yontemler
gbdze carpmaktadir. MFCC, Dogrusal Ongoériilii Kodlama (LPC), Algisal Dogrusal Ongérii (PLP) bunlardan
bazilaridir [7]. Bu yontemler arasinda yaygin kullanilan MFC temelinde, insan kulaginin 1kHz’e kadar lineer
1kHz’den sonrasinda logaritmik ses algisina sahip olmasini esas almaktadir [8]. MFC Kkatsayilarinin elde
edilmesinde asagidaki adimlar izlenilir.

1) On Vurgulama: Konusma spektrumunu diizlestirmek icin, spektral analiz 6ncesinde bir 6n-vurgu filtresi
kullanilir. Bunun sonucunda, insan ses iiretim mekanizmasi sirasinda bastirilan konusma sinyalinin yiiksek
frekansli kismu telafi edilmektedir [9]. On vurgulama Denklem (1) ile gerceklestirilir. Burada X sinyali, Y én
vurgulanmis sinyali, ¢ 6n vurgulama katsayisini belirtir:

Y[n]=[n]-a*X[n—1] (1)

2) Cergeveleme: Ses sinyalinin cergevelere bdliinme islemidir. Sabit genislikteki g¢erceve kaydirmasi
yapilarak tiim sinyalden gergeveler elde edilir. Her bir gergeve bir dnceki gergevenin bir kismini igermektedir.
Bu ortiismedeki amag cergeveler arasindaki stirekliligi saglamaktir.

3) Pencereleme: Frekans uzayma gegmeden Once her bir cerceveye pencereleme islemi uygulanir.
Pencerelemenin amaci frekans uzayindaki temsilin daha kesin olmasini saglamaktir. Pencereleme icin genellikle
Denklem (2)’deki Hamming penceresi (w) tercih edilmektedir. Siklikla & degeri 0.46 olarak alinir.

w[n]=(1—a)—a*cos(%), 0<n<N-1 (2)

4) FFT Spektrum: Bilginin sinyal olusturan siniizoitlerde kodlanmasi ¢ok yaygindir. Ornegin, konusma,
insan ses tellerinin titresiminin bir sonucudur. Burada zaman ve dalga formunun sekli 6nemli degildir; anahtar
bilgi, bilesen siniizoitlerinin frekansi, faz1 ve amplitiidiindedir [10]. Bu asamada frekans uzayia ge¢mek i¢in
pencerelere FFT (Fast Fourier Transform) islemi uygulanir.

5) Mel Spektrum: Mel spektrumunun elde edilmesi igin licgen Mel filtre bankasi olusturulur. Filtre bankasi
Mel 6lgeginin sabit araliklari ile kuruldugundan normal frekans Ol¢eginde kaymus sekilde gozlemlenir. Uggen

gecisli filtreler blylikliik spektrumunun piiriizsiizlestirilmesi ve elde edilecek Gzniteliklerin azaltilmasi igin
kullanilir [9].

6) Mel Kepstrum: Bu islem DCT (Discrete Cosine Transform) kullanilarak yapilir. Bu sayede frekans
bolgesinden zaman bdlgesine gegilir.

Crm = YN_1cos[m=* (k—0.5)*m/N]*xE,m=12,..,L (3)

Burada L MFCC sayisini, N tiggen filtre sayisini, Ej, logaritmik enerji degerlerini gosterir.
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3.2. Siiflandirma

Ses Ozniteliklerinin siniflandirilmasinda siklikla HMM, VQ ve DNN kullanilmaktadir [7, 11, 12]. Yapay
sinir aglarinda yap1 tas1 noronlardir. Noronlar birleserek katmanlar katmanlar birleserek agi olusturur. Genelde
girigler yapiyr bozmamasi istenerek katman olarak isimlendirilir. Gizli katmandan baslamak tizere her bir
katmandaki néronun giris sayist kadar agirlig1 olur. Girislerden uygulanan degerler bu agirliklar ile carpilarak
toplanir. Noron ¢ikisi ise aktivasyon fonksiyonu ile belirlenir.

Egitim agsamasinda, girdilerin yanlis sonug vermesi durumlarinda bir hata miktar1 hesaplamasi yapilir. Her
hatada agirliklar ilgili ndronlar i¢in giincellenir. Genel olarak kullanilan hata fonksiyonu Denklem (4)’deki
gibidir. Denklem 4 ve 5’de d,, beklenen noron ¢ikis degerini, ¢, hesaplanan néron ¢ikis degerini verir.

E =~(dg — co)? @

Cok katmanli aglarin egitimi icin literatliirde siklikla kullanilan bir ydntem hatanin geri yayilimi
algoritmasidir. Burada her noron igin bir delta degeri, § hesaplanir. Giincellemeler bu degerler ve 6grenme
katsayilar1 hesaba katilarak gergeklestirilir. Denklem (5) ¢ikis katmandaki, Denklem (6) gizli katmandaki bir
noron igin delta degerini gosterir. Denklem 5’de f'(net) ilgili néron i¢in belirlenen aktivasyon fonksiyonunun
giris degeri net noktasindaki tiirev degeridir. Denklem 6’da m delta degeri bulunacak néronu, n bu nérona bagh
bulunan bir sonraki katmandaki néronlari ifade eder. n ise sonraki katmadaki noronlarin sayisidir [13].

8 = (do — co) * f'(net) )
Om = fm(nety) Zg=0 8nWnm (6)

Agirlik giincellemeleri yapilirken 6grenme sabiti ve delta degerleri dikkate alinir. Bir iyilestirme olarak da
tirevlerden hesaplanan momentum degerleri degisimlerin izini siirerek sonuca daha hizli ulasmak amaciyla
kullanilir.

3.3. Giiriiltii Azaltma

Giiriilti azaltmada en bilindik tekniklerden birisi spektral gikarmadir. Bu yontemde giiriiltiisii azaltilmak
istenen ses %50 oraninda i¢ ige gegmis gercevelere boliinerek FFT sonuglart almir. Frekans spektrumu
tizerinden giiriiltiilt kisimlar igin bir On istatistik ¢ikarilir. Bu bilgiler kullanilarak spektrumda giiriiltiiye sebep
olan frekanslar bir medyan filtresi ile bastirilir. Daha sonra ise ters FFT (IFFT) islemi yapilarak zamansal uzaya
gegilir. Sinyal, ortligme eklemesi yontemi ile tekrar insa edilir. Pencereleme islemi giriste uygulanip ¢ikista
uygulanmayabilir veya her iki tarafta da uygulanabilir. Tiim bu secenekler frekans bilesenleri degismis sesi
tekrar insa ederken kopmalarin engellenmesini saglar. Son asamada ise Ortiismeye sahip olan gerceveler uygun
sekilde birbirlerinin devamina eklenir. Giiriiltii azaltma igin kullanilacak bu asamalar Sekil 1’deki gibi
ozetlenebilir.

M —»[ Cerceveleme ]—>[ FFT Spektrum ]—b[ Giiriiltii Profilleme

\—b[ Medyan Filtreleme H IFFT H Pencereleme H Ortiisme Eklemesi ]_’TEEISE

Sekil 1. Giiriiltii azaltma adimlar:

4. Bulgular

4.1. Veri Setlerinin Olusturulmasi

Egitim seti, 6 satrang figiiriine ait seslendirmelerden olusturulmustur. Yaklasik 30 insandan sessiz ortamlarda
alinan 460 seslendirme 500ms uzunluklarda senkron edilerek kullanilmistir. Kayitlara ait detaylar Tablo 1’deki
gibidir. Bu set %60 egitim, %20 test, %20 dogrulama seklinde boliinmiistiir.
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Tablo 1. Veri setlerine ait detaylar.

Veri seti 1

Konusmaci 30 Erkek ve Kadin

Ornekleme (Hz) 41000

Kayit PCM, Wav, 16bit, 1 kanal

Uzunluk 500ms

Veri tirleri Satrang taslarinin isimlerine ait sesler
Egitim 6rnegi 276 adet

Dogrulama érnegi 92 adet

Test 6rnegi 92 adet

Toplam &rnek 460 adet

Test setine daha sonradan kalabalik bir ortamdan alinan sesler rastgele eklenerek giiriiltiilii sesler elde
edilmistir. Bu sesler iizerinde giiriiltii azaltma algoritmasi uygulanmistir.

4.2. Gurulti Azaltma

Veri setindeki test 6rnekleri lizerine eklenen dis sesler giiriiltli azaltma algoritmasi kullanilarak bastirilmistir.
Ornek olarak Sekil 2a’da spektrogram verilen “at” seslendirmesine eklenen giiriiltii ile olusturulan kaydn, ilk
500ms’si icerisinden alinan giiriiltli profili ile algoritma sonuglar1 gosterilmistir. Gozlenebilecegi gibi giiriiltiili
ortamin giiriiltii profili alindiginda siniflandirmanin basarisini artirabilecek daha temiz 6znitelikler elde etmek
miimkiin hale gelmektedir.

ETEr
= .
s
=5
g
(a) (b)

Sekil 2. Ses goriintiisii- Spektrogramlar.

(a) Soldan saga sirast ile orijinal “at” seslendirmesi, giiriiltiilii ve filtrelenmis hallerinin spektrogrami, (D) Satirlarda sirast
ile at, fil, kale, piyon, sah, vezir kelimelerinin farkli insanlardan alinan seslendirmelerine ait spektrogram resimleri.
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4.3. Ozniteliklerin Cikarilmasi

Tablo 1’deki veri setlerinden 14 adet MFCC, enerji ve sifir gegis Ozniteligi hesaplanmistir. Veri seti
olusturulurken kullanilan MFCC parametreleri Tablo 2’deki gibidir. Kullanilan Mel filtreleri ile olusturulan
spektrogramlar resim olarak da kaydedilerek piksel tabanli Oznitelik setleri olusturulmustur. Bu ses
goriintiilerinin bazilar1 Sekil 2b’de gosterilmistir.

Tablo 2. MFCC hesabinda kullanilan parametreler.

MFCC Parametreleri

On-vurgu katsayisi 0,97
Cerceve uzunlugu 25 (ms)
Cerceve adim uzunlugu 10 (ms)
Pencere Fonksiyonu Hamming
Filtre sayisi 40
Toplam Oznitelik 14
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Egitim

Calismada egitim icin ¢ok katmanli perceptron agi kullanilmistir. Agin topolojisi icin Oncelikle agin
girdisini belirlemek gerekir. Cergevelerin uzunlugu ve adim uzunlugu bilindiginde bir ses 6rneginden kag¢ adet
cerceve elde edilecegi Denklem (7) ile belirlenebilir.

Lo L Lg) =52 41 ()
Fg

Denklem (7)’de Lg ornek uzunlugu, L gergeve uzunlugu, L, gergeve boslugu ya da adim uzunlugudur.
Buna gore 500ms uzunluk i¢in elde edilecek ¢ergeve sayisi 48°dir. Bu sebeple 14 6znitelik igin kurulacak olan
agin girisi 672 boyutunda olmalidir. Egitim i¢in giris katmandaki néron sayisini sabit turarak ara katman sayisi
ve noron kombinasyonlari ile yapilan testlerde 4 katmanli bir agin yeterli geldigine karar verilerek giriste 672,
ara katmanlarda 10, ¢ikista 6 ndron bulunduran 2 ara katmanli bir perceptron ag1 olusturulmustur. 40 Mel filtresi
ile olusturulan 40x48 boyutlarinda spektrogram resimleri i¢in giris sayisi 1920 olan ayni ag topolojisinde farkli
bir ag daha insa edilmistir. Olusturulan aglarin egitiminde kullanilan parametreler: Maksimum déngii 1000,
Maksimum hata 0.00001, Ogrenme sabiti 0.01, Momentum katsayisi 0.01 olarak belirlenmistir. Bu

parametrelerle yapilan egitime ait hata grafigi Sekil 3’te yer almaktadir.

125 —— Training Error d1.25 1,25 — Fitered Set

— Validation Error — Hoiseless Set

oo Best Noisy Set
Training Accuracy
Validation Accuracy

Total Error
Aoedraoy

025+ Ho,25 0,25

0 250 500 750 1000 0 250 500 750 1000
Learning Cycle Learning Cycle

Sekil 3. MFCC ézniteliklerine ait toplam hata ve egitim grafigi.

Spektrogram resimleri kullanilmas1 ayrik kosiniis doniisiimiinde kaybedilen verileri telafi etmek acgisindan
mantikli olsa da 6znitelik sayisinin artmasi ve verilerin daginik kalmasi ayrica veri setinin yetersiz biiyiikliikte
olusu nedeni ile perceptron egitimini zorlastirir. Bu etki egitimlerde net olarak gozlenebilmektedir. Egitim

ke rooy

Accuracy

0 100 200 300 400 500 600 ] 250 500 750 1000

Learning Cycle Lanrming Cycle

Sekil 4. Spektrogram ozniteliklerine ait toplam hata ve egitim grafigi.
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4.4, Oznitelik Tespiti I¢in Yeni Bir Algoritma

Egitimi tamamlanan ag, 500 ms uzunlugunda test 6rneklerini kolayca siniflandirabilirken bu uzunlugu asan
kayitlarda kullanmak icin uygun degildir. Bu amagla ¢alismada asagidaki sekilde bir yaklasim kullanilmistir.
Toplam ¢ergeve sayis1 C, bir ¢erceveden cikarilan Oznitelik sayisi T, agin giris sayis1 G ile gosterilsin. Tiim

cergevelerden cikarillan Oznitelikler D, sonuglar ise R dizisinde tutulsun. Kayma miktar1 S ile gosterilsin. (T nin

kat1 olan kayma miktar1 amaca gore ayarlanabilir.)

R/
0’0

R/
0’0

Y/
°

Y/
0'0

Ornek icin cerceveleri ve oznitelikleri ¢ikar. D icinde sakla, k «— 0
k < C * T iken tekrar et,
o D+ k’dan D + k + G kadar oznitelik al ve enerjileri topla.
o Alinan oznitelikleri aga verip en biiyiik noron tepkisini al.
o FEnerji toplamini ve néron sonucunu R igine at.
o k—k+S
R icindeki veriyi enerjiye gére sirala.
Belirli bir esik tizerindeki enerjilerden en fazla tekrar edeni sonug olarak ver.

5. Sonuclar ve Oneriler.

MFCC 6znitelikleri kullanilarak yapilan egitimde Sekil 4’te egitim grafigi bulunan agin 92 ses kaydi
tizerindeki dogru siniflandirma basaris1 %100’diir. Guriiltii eklenmis kayitlar tizerindeki basar1 %94, filtrelenmis
kayitlardaki basar1 ise %98’dir. Diger yandan mel filtrelerinin olusturdugu spektrogram 6znitelikleri ile egitilen
agm (Sekil 4) basaris1 giriltilii setlerde %85’¢ kadar inmigken filtrelenmis kayitlarda %98’e kadar
cikabilmistir. Bu iki oznitelik birlikte kullanilarak sistemin basarisit %99 olarak elde edilmigtir. Mel-
Spektrogramlarina ait goriintiilerin satrang figiir seslendirmelerinin taninmasi igin kullanilmas1 yeni bir fikirdir.
Bu calisamada bu 6zniteliklerle yapilan egitimde ¢ok katmanli perceptron ag1 kullanilmistir. Piksel degerleri bir
isleme tabii tutulmadan direkt olarak aga verilmistir. Kullanilan ag CNN olarak degistirildiginde piksellerden
alinacak bilgi gii¢lendirilerek giiriiltiilii ortamlarda sonuglar daha da iyilestirilebilir.

Referanslar

(1]
(2]

(3]
[4]
(5]
(6]
[7]
(8]
(9]

[10]
[11]

[12]

[13]

(ICADA’22) 2nd International Conference on Artificial Intelligence and Data Science

https://www.chess.com/terms/blindfold-chess (son erisim 27.05.2022)

Shuo, Wang, et al. Speech Recognition Based Blind Chess Education System Chinese Chess as an Example. 2021 11th
International Conference on Information Technology in Medicine and Education (ITME). IEEE, (2021)

Ussen K., Buyuk Osman, Turkish Speech Recognition Based On Deep Neural Networks. Siileyman Demirel Universitesi Fen
Bilimleri Enstitiisii Dergisi. vol. 22, pp. 10, (2018).

Ahmed, M. J. "Cagr1 merkezleri i¢in derindgrenme tabanli interaktif konusma tanima." MS Thesis, Selguk University, Fen
Bilimleri Enstitiisii, Konya, Turkey, 2020.

Kutucu, H., "Derin 6grenme algoritmalari kullanarak bir konusma tanima uygulamasi." MS Thesis, Sakarya Uygulamali Bilimler
Universitesi, Sakarya, Turkey, 2020.

E. Fakhan, E., "Automatic Speech Recognition System Adaptation For Spoken Lecture Processing." PhD. Thesis, Bogazigi
University, Istanbul, Turkey, 2021.

Nabiyev, V., Yiicesoy, E., VQ Yontemiyle Konugmaci Cinsiyetinin Belirlenmesi, Turkish Journal of Computer and Mathematics
Education, vol 1,1 (2009) 35-47

Stevens, S.S., Volkman, J. ve Newman, E.B. A Scale for the Measurement of the Psychological Magnitude Pitch. The Journal of
the Acoustic Society of America, vol. 8, pp. 185-190, (1937)

Meseguer, N.A., Speech Analysis for Automatic Speech Recognition, Norwegian University of Science and Technology
Department of Electronics and Telecommunications, (2009)

Steven W. Smith, The Scientist and Engineer's Guide to Digital Signal Processing, (1997)

Réda, A. , Aoued, B., Artificial Neural Network & Mel-Frequency Cepstrum Coefficients Based Speaker Recognition,
International Conference: Sciences of Electronic, Technologies of Information and Telecommunications, March 27-31, (2005)

Das, T. K., Khalid M. O. Nahar, A Voice Identification System using Hidden Markov Model, Indian Journal of Science and
Technology, Vol 9(4), (2016).

Aggarwal, C. C. Neural networks and deep learning. Springer, 10, 978-3, (2018).

June 17-June 18, 2022

Izmir Katip Celebi University

Izmir, Turkey

88


https://www.chess.com/terms/blindfold-chess
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Ozet

Herhangi bir giivenlik sisteminin en 6nemli pargalarindan biri kimlik dogrulamadir. Geleneksel metin tabanlt
parolalar, farkli tiirde saldirilara karsi savunmasiz olan birgok web sitesi, akilli telefonlar ve farkli
uygulamalarda hala kullanilmaktadir. Giiniimiizde akilli telefonlar, giindelik hayatta en popiiler ve baskin
mobil cihaz haline gelmistir. Giivenlik her akilli telefon kullanicist i¢in ana sorunlardan biridir. Kimlik
dogrulama, gizlilik ve biitiinliik, bir akilli telefonda en ¢ok istenen ii¢ giivenlik 6zelligidir. Bu ¢aligmada
davranigsal biyometrik verileri ile akilli telefon yetkilendirmesi gergeklestirilen ¢aligmalar incelenmistir.
Kullanilan veri tiirleri, makine 6grenmesi yontemleri, elde edilen sonuglar karsilagtirmali bir sekilde
tartigilmisgtir.

Anahtar Sozciikler: Davranissal biyometri; yetkilendirme; akilli telefon; makine ogrenmesi.

Abstract

One of the most important parts of any security system is authentication. Traditional text-based passwords are
still used in many websites, smartphones, and different applications that are vulnerable to different types of
attacks. Today, smartphones have become the most popular and dominant mobile device in daily life. Security
is one of the main concerns for every smartphone user. Authentication, privacy, and integrity are the three
most demanded security features in a smartphone. In this study, studies that carried out smartphone
authorization with behavioral biometrics data were examined. The data types used, machine learning methods,
and the results obtained are discussed in a comparative way.

Keywords: Behavioral biometrics; authorization; smartphone; machine learning.

1. Giris

Biyometri kavrami yagsam ve 6l¢iim kelimelerinden gelmekte olup kisiye ait biyolojik verilerin kullanilmasi
ile bireylerin baskalarindan ayrilmasini saglayan Kimlik tanimlama yontemi olarak adlandirilmaktadir.
Biyometriler, kisilerin fiziksel veya davranigsal dzelliklerinin diger insanlardan ayirt edilmesine olanak saglayan
araclardir [1]. Biyometrik sistemler, temel olarak fiziksel (pasif) ve davranigsal (aktif) sistemler olmak tizere Sekil
1’de gosterildigi gibi iki gruba ayirmak miimkiindiir. Fiziksel biyometrik sistemler; parmak izi, el geometrisi, yiiz,
ses, iris ve retina gibi kiside bulunan ve diger kisilerden ayrilmasim saglayan sabit fiziksel 6zellikler {izerine
kurulmustur. Davranigsal biyometrik sistemler ise; imza, yazma dinamigi, konusma esnasindaki dudak hareketleri
ve yiirliyiis sekli gibi belli bir zamanda belli amaglar i¢in gerceklestirilmis ve herkesin birbirinden farkli olarak
yaptig1 davranislar olarak siralanabilir [2].

Davranigsal biyometri, kullanici kimlik dogrulama mekanizmalar1t i¢in ekstra bir giivenlik katmani
saglamaktadir [3]. En biiyiik avantajlardan bir tanesi; kopyalanmasinin imkansiz olmasidir. Dogru tanimlamalar
ve olumlu sonuglar i¢in saglam bir yontemdir. Ayrica bu sistemler oldukg¢a giivenlidir ve kullanic1 dostudur.
Transferi imkansiz bir anahtar gorevi goérmektedirler. Biyometrik sistemler ayni zamanda mobil sistemler ile
uyumludurlar. Sifre ¢alinmasi veya sifre unutulmasi gibi sorunlar ortadan kalkmaktadir [4].
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Bu ¢alismada akilli telefon yetkilendirmesinde kullanilan yaklagimlar karsilagtirmali bir sekilde incelenmistir.
Kullanilan veri tiirleri, makine 6grenmesi yontemleri ve gelistirilen sistemin stirekli yetkilendirmeye sahip olup
olmama durumlar1 ele alinmistir. Bu kapsamda bu alanda calismaya baglayacak yeni arastirmacilara hizli bir
gbzden gecirme imkani vermektedir.

Sekil 1. Biyometrik kimlik dogrulama etmenleri [5]

2. Gecmis cahismalar

Barkadehi et al. [6] ¢esitli platformlarda farkli tiirde kimlik dogrulama sistemlerini smiflandirmistir.
Kullanimlari, benzerlikleri, kullanilabilirlikleri, performanslari ve dezavantajlari tartisilmistir. Stylios and Thanou
[7] davranissal biyometri kullanarak siirekli kimlik dogrulama konusunda teorik ve pratik yonleri olan kullanima
hazir bir literatiir temeli saglayarak yeni arastirmacilara, bilim insanlarina ve endiistriye yeni sistemler ve
teknolojiler gelistirmelerinde yardimci olmay1 amaglamislardir. Zhang et al. [8] kimlik dogrulama teknikleri
iizerinde etkili olan algoritmik g¢er¢eveyi ve performans endeksini gdzden gecirmislerdir ve Android tabanl
biyometrik dogrulama sistemlerine derinlemesine bir genel bakis saglamislardir. Dahia et al. [9] biyometrik
dogrulama ve kiyaslamaya fayda saglayacak internette yeni veri kiimelerinin madenciligi potansiyelini ve son
zamanlardaki derin 6grenme tekniklerinin alandaki bazi agik zorluklar1 nasil ele alabilecegini vurgulamiglardir.
Stylios et al. [10] mobil cihazlar i¢in davranigsal biyometri ve siirekli kimlik dogrulama teknolojileri hakkinda
giincel, kapsamli ve hedefe yonelik bir anket sunmusglardir.

3. Metodoloji

Caligma kapsaminda sadece akilli telefon yetkilendirme sistemleri iizerinde duran bilimsel arastirmalar ele
alinmistir. Ele alinan 16 ¢alismadan 10 tanesi siirekli yetkilendirme saglarken 6 tanesi tek seferlik yetkilendirme
gerceklestirmektedir. Siniflandirma ¢aligmalar ele alinirken asagidaki olciitler dikkate alinmistir.

Siirekli yetkilendirme durumu

Kullanilan veri (Algilayici kombinasyonu, dokunma vb.)
Basar1 metrigi

Bagar1 degeri

Kullanilan makine 6grenmesi yontemi

Incelenen calismalar 4. bliimde siirekli yetkilendirme ve tek seferlik yetkilendirme yaklasimlar1 bazinda ele
alarak agiklanmig ve tablolar ile 6zetlenmistir.

4. inceleme

4.1. Tek seferlik yetkilendirme (Statik mod)

Statik modda, bir 6znenin kimligi, bir sisteme ilk erisim aninda 6zne tarafindan saglanan girdiye dayali olarak
dogrulanir. Bu, mobil cihazlarda uygulanan ilk koruma hatt1 ve en yaygin olarak goriilen giivenlik koruma
onlemidir. Karakter tabanli ve rakam tabanli sifreler, statik modelde en ¢ok kullanilan giris tiirleridir [11]. Yiiksel
et al. [12] akilli telefon ivmedlger ve jiroskop algilayicilari ile kullanicilarin kimlik dogrulamast igin telefon tutma
ve yazma davranislarini incelemistir. Zhu et al. [13] mevcut yontemlerin eksikliklerine dayanan karmasik gergek
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diinya mobil kimlik dogrulamasi i¢in karma bir derin 6grenme sistemi Onermistir. Zheng et al. [14] kimlik
dogrulayan bir kullanicinin akilli telefonun gergek sahibi mi yoksa sifreyi bilen baska biri mi oldugunu tespit
etmek i¢in bir kullanict dogrulama mekanizmasi 6nermistir. Tse and Hung [5] dokunmatik ekranli mobil cihazlar
icin sifre, tus vurusu dinamikleri ve kaydirma dinamiklerinin bir kombinasyonunu kullanan bir kimlik dogrulama
semas1 sunmustur. Shen et al. [15] akilli telefonlarda kullanici kimlik dogrulamasi i¢in hareket sensorti davranis
verilerini kullanmanin fizibilitesini ve uygulanabilirligini aragtirmistir. Buriro et al. [16] bir davranigsal biyometri
tabanli akilli telefon kullanici kimlik dogrulama mekanizmasi sunmustur. Bu ¢aligmalar Tablo 1°de karsilastirmali
olarak ozetlenmistir.

Tablo 1. Tek seferlik yetkilendirme ¢alismalar: ézeti

Yazar Yil Veri Metrik Deger Yontem
Buriro et 2019 lvaOI(;er’.J'.rOSkOP’ Manyetometre, True Acceptence Rate (TAR) %99.35 Random Forest
al. Yer ¢ekimi, Dokunmatik ekran
Tseand | 5514 | Tus vurus dinamikleri, Dokunmatik Dogruluk orant 9%94.05 LDA
Hung ekran i¢in kaydirma dinamikleri
; . : False Acceptance Rate (FAR) %3.92 | Support Vector Machines
Shen etal. | 2016 Ivmedlger, Jiroskop False Rejection Rate (FRR) %4.97 (SVM)
Zhu et al. 2020 Ivmedlger, Yer cekimi Dogruluk orant %95.01 CNN+SVM
Zhearllg et 2014 | Ekrana dokunma verileri, lvmedlger Equal Error Rate (EER) %3.65 Decision Maker
Yul;slel ® | 2019 Ivmedlger, Jiroskop Dogruluk orant %100 kNN

4.2. Siirekli yetkilendirme (Dinamik mod)

Dinamik modda, bir mobil cihazin aktif oturumu boyunca bir 6znenin kimligi siirekli olarak dogrulanir.
Dinamik modunda dagitilan bir kimlik dogrulama, bir 6znenin mobil cihazi bagka biri tarafindan kullanildiginda
taninmayan dokunma dinamigi modellerini algilayabilir. Taninmayan herhangi bir dokunma dinamigi modeli
algilandiginda, hassas uygulamaya kisitlama getirilebilir ve/veya ek yeniden kimlik dogrulama talebi tetiklenebilir
[11]. Acien et al. [17] akall1 telefondan elde ettikleri veriler ile dokunma hareketlerine dayali bir biyometrik kimlik
dogrulama sistemini degerlendirmistir. Acien et al. [18] dokunma hareketleri ve tus vurusu gibi dokunma
dinamikleri, ivmedlger, jiroskop, WiFi, konumu ve uygulama kullanimi bilgilerinin tiimiinii kullanicilarin
kimligini dogrulamak amaci ile kullanmustir. Lu et al. [19] kullanict kimlik dogrulamasi i¢in akilli telefonlarda
dudak okuma tabanli bir kullanici kimlik dogrulama sistemini 6nermistir. Yang et al. [20] mobil uygulamalar i¢in
dokunmaya dayali davranigsal biyometri kullanan bir siirekli kimlik dogrulama yontemi olan BehaveSense'i
onermistir. Incel et al. [21] bir mobil bankacilik uygulamasinda belirli bir performansla davranigsal biyometri
araciligiyla kullanicilar siirekli olarak dogrulamanin miimkiin olup olmadigini aragtirmistir. Abuhamad et al. [22]
akillr telefonlardaki sensorlerden yararlanan, derin d6grenmeye dayali bir aktif kimlik dogrulama yaklasimi
onermistir. Feng et al. [23] mobil cihazlarda yeni bir dokunmatik ekran tabanli kimlik dogrulama yaklagimi
sunmustur. Lu and Liu [24] ekrandaki parmak hareketlerine dayali akilli telefon kullanicisi kimlik dogrulama
sistemi 6nermistir. Xu et al. [25] birden fazla dokunmatik veri tiirliniin nasil modellenecegini ve buna gore siirekli
kimlik dogrulamanin nasil gergeklestirilecegini incelemistir. Ramadan et al. [26] farkli kullanicilarin farkli
dokunma desenleri sergilediklerini gdstermislerdir. Bu ¢alismalar Tablo 2°de karsilagtirmali olarak 6zetlenmistir.

Tablo 2. Siirekli yetkilendirme ¢calismalart 6zeti

Yazar Yil Veri Metrik Deger Yontem
Yangetal. | 2019 Dokunmatik islemler Dogruluk orani %95.85 Expectedprob
Acien et Dokunmatik iglemler, ivmeélqer, - o 0
al. 2019 Jiroskop, WiFi, GPS, Uygulama kullanimi Dogruluk oranm #082.2-%91.1 SVM
Abuhamad 2020 Ivmedlger, Jiroskop, Manye_tome_:tre, F1-Score 098 LSTM
etal. Ekrana dokunma dinamikleri
Fengetal. | 2012 Ekrana dokunma verileri False Acceptance Rate (FAR) %4.66 BayesNet
incel etal. | 2021 | Dokunmatik ekran, lvmedlger, Jiroskop, Equal Error Rate (EER) %3.5 SVM
Manyetometre
Luetal. 2019 Ses Dogruluk orant %90.2 SVM
. . - False Acceptance Rate (FAR) %0.03
Luand Liu | 2015 Dokunmatik ekran parmak hareketleri False Rejection Rate (FRR) 9%0.05 SVM
Acien et 2020 Dokunmatik ekran verileri Equal Error Rate (EER) %13 Recurrent Neuronal
al. Network
Xu et al. 2014 Dokunmatik ekran verileri Average Error Rate <%1 SVM
RaeTZfa” 2017 Dokunmatik ekran verileri Dogruluk orani %90-%694 YSA
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4. Sonug¢

Bu calisma, akilli telefonlar icin gergeklestirilen yetkilendirme c¢alismalarini kisaca incelemektedir. Bu
kapsamada ele alinan 16 calismadan 10’u siirekli, 6’s1 ise tek seferlik yetkilendirme iizerinedir. Yapilan
caligmalarda kimliklerin tespit edilebilmesi i¢in makine &grenmesi ydntemlerinden faydalanilmigtir.
Smiflandirma performanslari; dogruluk orani, FAR, FRR, TAR, EER gibi ¢esitli metrikler kullanilarak
degerlendirilmistir. Ele alinan ¢alismalarda SVM yodnteminin bu alanda siklikla kullanildig1 ve basarili sonuglar
elde edildigi goriillmektedir. Bununla birlikte ¢aligsmalarin ¢ogunda ekrana dokunma bilgilerinin yaninda hareket
algilayicilarindan faydalanilmigtir. Elde edilen bulgular davranigsal biyometri verilerinin akilli telefon
yetkilendirmesinde basarili sonuglar sergiledigini gostermektedir.
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Task Activation Latency Characteristics on Real Time System Schedulers
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Scheduler in real time systems rely on the underlying timer mechanism. The expiration of these timers may
happen later than expected due to the factors which are uncontrollable by scheduler. In this paper, the
characteristics of these latency values are investigated. In this study, the predictability of these latency values
is analyzed by experimenting with different prediction algorithms. According to the results, the latency
introduced by timers can be predicted by modelling past latency values. This prediction can be used to improve
the performance of real time system schedulers.

Keywords: ARIMA; LSTM; Prediction; Random Forest Regressor; Real Time Scheduler

1. Introduction

Scheduler in real time systems is responsible for running periodic tasks, whose periods, and execution times
are known statically before the system starts. It uses timers to trigger execution of these periodic tasks. These
periodic tasks are triggered according to a schedule table which is periodically executed. Scheduler may be

implemented in kernel space or user space (Figure 1).

User Space Uszer Space
Task Task Task Task
i , A i 3
Activate Activate Activate Activate
1 1
| | |-| an.ra:.-'.'rd_lSysfem |_|
Scheduler Scheduler
11 2y
o _ i T
& I v T
Operating System Hardware

Figure 1. An example of typical scheduler using timers for task activations

Figure 2 shows an example of schedule table which includes execution of tasks A-B-C-B, respectively in its
schedule table. This schedule table is executed continuously.

a T2

T3

T4

T+ T+T2 T+T3

T+T4

Execution of Task A

Execution of Task B

L

of Task C

Figure 2. An example of simple task schedule that Scheduler application shall fulfil

In some cases, even if the hardware timer expires on time, some unexpected latency may be introduced by the
underlying system (timer server) while notifying the client which expects the timer expiry notification. This
latency may be caused by many reasons, such as concurrent interrupt requests or the design of the underlying
interrupt handling mechanism. Because of this latency, the scheduler must be designed to compensate this latency.

An example of a problem this latency may cause on the Scheduler is depicted in Figure 3: Suppose that task
A is a time triggered task which is activated by scheduler after a timer interrupt and supposed to start at time T1
and finish its execution at T2. Also suppose that there is another time triggered task, task B which is supposed to
start execution at time T2. If there is a latency of timer interrupt for time t, the execution of task A may end at
T2+t, which may cause a conflict with task B for a duration of t.
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Figure 3. Temporal conflict caused by task activation latency

Because of these circumstances with a timer interrupt delay of t, caused by the timer server, the scheduling of
tasks is designed to include a buffer of duration t. This duration is an overhead and is not planned to be used by
the CPU. Although Task A and Task B take T3-T1 of CPU time to complete, the system design should spare an
extra duration of t, i.e T3-T1+t, to finish execution of these two tasks (Figure 4).

T T2 T2+t T3 T3+

.<_t ,
Planned execution of Task A ' :

Actual execution of Task A :(-l—sb i
——

. p———
: € 4 . ]
Planned execution of Task B - - -

* buffer ©
between,
. tasks .

Figure 4. Spare CPU time which shall be reserved to avoid conflict

In our work, we investigated the behavior of the execution delay of tasks and analyze their characteristics. In
section 2 we analyze the predictability of these values. In section 3 different prediction methods are discussed and
compared. We used two different datasets in our analysis: First of them contains 4272 actual task activation
latency values taken from a real time system. This dataset will be referred as “latency dataset” in next chapters.
The second dataset contains a subset of the first dataset, consisting of 1000 activation latency values. This dataset
will be referred as “reduced dataset”.

2. Background

In this study, predictability of Task Activation Latency was investigated. Predictability of a series depends on
regularities of the dataset. The more regular and repeatable patterns a series has, the easier it to be forecasted.
Therefore, in this section, periodicity features of the dataset analyzed by using Fourier Transform and
autocorrelation. Also, to degrade the predictability of the series into a metric, sample entropy (SampEn) which is
proposed by Richman and Moorman [1] is calculated for reduced dataset.
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Figure 5. Autocorrelation, Partial autocorrelation, reduced dataset in time domain (top left) and latency dataset in
frequency domain (bottom left)

In Figure 5, latency vs time, frequency domain representation with removed DC component, autocorrelation
and partial autocorrelation plots are given. In time domain representation, there is no visually recognizable pattern
observed. However, frequency domain representation of the series shows that it has dominant harmonics at 10,
20, 33 and 40 Hz. Also, to define relation between the series and its lags, autocorrelation of the series is given in
the figure above. There are significantly high spikes each 10 lags in the autocorrelation plots which means that
the series is highly correlated with every 10" lag of its own. In addition to the graphical analysis, sample entropy
of the series, which is a measurable property associated to randomness, is measured. As the sample entropy
decreases, regularity and predictability of the series increases. Since measured sample entropy is 0.405 for reduced
dataset, it is possible to make consistent future predictions with appropriate forecasting model.

2.1. ARIMA

ARIMA short for ‘Auto Regressive Integrated Moving Average’ is a forecasting model that analyses any non-
seasonal time series based on the series’ own past values (lags) and lagged forecast errors. Therefore, ARIMA
equation can be used to predict future values [4]. This model is identified by p, d and g terms which are the AR
(Auto Regressive) [5] term, number of differencing and MA (Moving Average) [5] term respectively. By looking
at the results of Augmented-Dickey Fuller test, it can be observed that the time series is stationary and no need to
difference it. Therefore, d value is chosen as 0. Considering the autocorrelation and partial autocorrelation plots
in section 2, p and q terms can be roughly determined as (10, 10). Egs. (1), (2) and (3) denote AR, MA and
ARIMA model respectively [4]:

Yt = a + ,81Yt—1 + ‘82Yt_2 + .. + ﬁth_p +El (1)
Yi = a+ € + P16 + P1601 + ..+ PyErg (2
Y = a+ BiVioq + BoViy + .o+ BpYiper + 161 + o6 p + ..+ Pueryg (3)

Where P is the coefficient of corresponding lag, a. is the intercept term, € is the lagged forecast error and ¢ is
the coefficient of lagged forecast error.

Also, by using auto_arima algorithm, which fits different models and calculates AIC and returns the model
that minimizes AIC, more confident results are achieved. However, output of the auto_arima results higher p and
g value which yields much more computational complexity during the fitting process.
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Figure 6. ARIMA prediction plots for latency (left) and reduced dataset (right)

1000

In Figure 6, test datasets and ARIMA predictions are plotted for last 50 samples. Although difference between
sizes of datasets is about 3000 samples, prediction accuracies are just slightly different from each other.
It is observed that, time complexity and accuracy of the model increases when p and q values are increased.

Therefore, seasonal ARIMA model would be a better to obtain reasonable tradeoff between time complexity and
accuracy. Since the series has periodic components as seen in FFT and correlation, seasonal ARIMA model may
result in a higher accuracy than the ARIMA model for smaller p and g orders.

2.2.LSTM

LSTM (Long-Short Term Memory) is a widely used recurrent neural network (RNN) structure for time series
forecasting published by [3] S. Hochreiter and J. Schmidhuber. LSTM basically memorizes previous outputs and
feed the input layer in the training process with a feedback structure. LSTM differs from traditional RNNs by
remembering only significant information of previous outputs, which results, gradient doesn’t vanish through

backpropagation process of training.

According to the size of the datasets, two different LSTM models are created. Structure of the models are given

below:
LSTM Layer |
Units = 128
[ LsTMLayer | LSTM Layer |
Units = 32 Units = 128
[ LsTMLayer | © LSTMLayer |
Units = 32 Units = 128
Dense Layer Dense Layer
Units = 1 Units = 1
Cutput Cutput

Figure 7. LSTM Network architecture for latency (right) and reduced dataset (left)

In Figure 7, two different LSTM model architectures are shown. The model on the left is trained with a small
size of dataset with ‘adam’ optimizer in 150 epoch and 32 batch size. The model on the right is fed by the
latency dataset by using ‘adam’ optimizer with 50 epochs and 64 batch size.

Through the training of the network, loss function was decreasing very slowly. To solve this problem, learning
rate of the optimizer is updated to 0.003 (default learning rate for ‘adam’ optimizer is 0.001).
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Figure 8. LSTM predictions for latency (left) and reduced dataset (rlght)

In figure 8, plots for predictions and expected values are given. It is clearly seen that the effect of dataset size
on the accuracy is much higher in LSTM than ARIMA and Random Forest models.

2.3. Random Forest Regressor

Random forest is an ensemble supervised learning algorithm that combines predictions of multiple decision
trees for classification and regression problems proposed by L. Breiman [2]. Each tree is individually trained with
a subset of original dataset which are created by bootstrapping technique. Therefore, each decision tree points
different feature of input data. However, some trees can be a bad learner that can misguide to the final prediction.
To overcome this problem, optimal values of estimators and random state for the random forest model is found
out by iterating the model parameters in a range and calculating evaluation metrics (mean absolute percentage
error (MAPE) [6] and r2 score. The model that minimizes MAPE and maximizes r2 score is selected as best
model.

Dataset

)G
l } ! |

Prediction Prediction Prediction Predictions Prediction

Random Forest
Prediction

Figure 8. Random forest regressor model

In figure 8, empirically found optimal model is given. According to experiments, model that minimizes
MAPE has 15 estimators with random state 16.

Through evaluating the model, walk forward validation method is used to increase accuracy of the regressor.
As an advantage of the model beyond the accuracy, training time is much less than the LSTM network and
ARIMA method. In the runtime, random forest regression model can be more practical for changing dataset
samples over short time intervals.
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In figure 9, predictions of random forest models are plotted for 50 samples. Although the size of latency
dataset has 3 times more samples, difference between MAPE of the predictions is around 0.6%. Therefore,
smaller dataset is enough to train a consistent random forest regressor.

3. Results and Recommendations

latency dataset reduced dataset
Model MAPE (%) r2_score MAPE (%) r2_score
ARIMA 7.6 0.76 7.0 0.84
Random Forest 7.8 0.83 7.2 0.83
LSTM 6.4 0.89 10.0 0.75

Table 1. Evalution results for latency and reduced datasets

In the table above, performance of the models for different datasets is summarized. Due to MAPE and r2_score
results, it can be clearly seen that most accurate model is LSTM which was trained with latency dataset. However,
as training and prediction times are one of the primal considerations beside the accuracy, it is impractical to use
LSTM model because of long training time. Also, test results show that tradeoff between time complexity and
accuracy is more reasonable for Random Forest model compared to the LSTM and ARIMA. Because of high p
and g orders, fitting time for ARIMA is intolerably high to train in runtime. Seasonal ARIMA may have better
accuracy for lower p and q orders.

4. Conclusion

Scheduler in real time systems is responsible for activating tasks periodically. It uses timers to fulfill this job.
Some latency caused by many uncontrollable reasons may be introduced by timers. According to the results shared
in the previous section, the latency on timer expiry may be predicted by modelling the past values. This modelling
can be done statically, and scheduler runtime behavior may be adjusted according to these predicted latency
values. Moreover, some prediction methods can be used during runtime of the scheduler to learn from the past
values and continuously modify the model, which allows scheduler to be more robust for different runtime
conditions.
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Abstract

Currently, there have done lots of studies and efforts to device an algorithm for non-destructive and supply
chain spoilage detection so it is critical and essential to have such system nowadays which if done it might
result to a profitable and efficient agro-alimentary goods along the supply chain. To satisfy this demand, in
this research project we shall provide a computer vision system. In this model we used Image processing
techniques and related machine learning algorithm to invent a system that uses pictures of products as input
and its output is a computer vision system to categorize the products in supply chain which is considerably
less configuration and tuning, making it easier to deploy in real-world applications.

Keywords: Image Processing; Machine Learning; Quality Control; Supply chain;

1.Introduction and Literature Review

It is a well-kwon fact that a fast, without contact ecologically genial, and accurate methods for controlling
quality of agro-alimentary products have been the topic of study [1]. Computer vision systems (CVSs) are
one of them that utilized to enhance quality control and discrimination during the supply chain period, from
gathering the products to markets where consumers buy them. CVS [2] is a technology that merges
mechanics, optical equipment, electromagnetic sensing, and digital image processing. Computer vision
methods are so popular and their methods have been applied for fruit and vegetable quality control [3]. As
stated by several researchers, In [4] survey CVS was manipulated to control the quality and
merchandisableness of tomatoes [4], artichokes [5], fresh-cut nectarines [6], fresh-cut lettuce [7], fresh-cut
radicchio [8]and rocket leaves [9].

2. Materials and methods

Agro-alimentary items which will be surviving on them are delivered by a farm at the same maturity stage
(according to the maturity requirements for agro-alimentary products as we need to achieve global visional
quality and assess these visions) and transferred to laboratory. The fertilizer and amount of water and also
type of soil in which items are grown is indicated. In this method we can test the sustainability of their
cultivation tactics in terms of utilization of vital resources and these resources will be employed as input
feature in neural network to identify target value and also get result and vision about resources. At least
One hundred held at different temperatures for particular amount of time for computer vision. The period
of the time that product stored will be definition for duration of the time and days needed to get the minimum
quality level (QL) at each temperature. Thus, storage period, for each product and storage temperature,
products are evaluated, in order to assign a QL and we need to define categories that will be consider to
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assign each product into special category to estimate some of their internal characteristics that determine
nutraceutical and organoleptic properties.

Figure 1. Quality level rating scale (using grape as an example)

Using a Computer vision system (CVS) to get a contactless and non-destructive evaluation of product
quality entails many tasks: collection of a data that contain calibrated color pictures tagged with the
product's QL; adequate image pre-processing; identification and extraction of color characteristics; training,
tweaking, and testing of a Random Forest Classifier and also reinforcement learning. Since, we need to
employ reinforcement learning in evaluating different agro-alimentary products it has this power to adjust
itself in varied circumstance which may be applied in many agro-alimentary items. For each product,
calibrated color photographs will be collected and processed; in total, the data set for each product is made
up of particular number of images, formed by capturing each bunch four times in different locations.
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In the section on feature extraction, suitable characteristics will be extracted from each calibrated photo
related to each QL and cultivar. Two sets of characteristics were used: the first was represented by statistical
measures assessed throughout the complete foreground on the channels in the CIELAB color space [9], and
the second was constructed using a centroid-based color segmentation algorithm [8]. clustering technique
was performed on the calibrated color photos This unsupervised machine learning approach creates a
dendrogram, which arranges all of the colors into hierarchical groupings based on a distance metric [10].

3.Conclusion

Defect product identification is an urgent and serious issue affecting the health and finances of customers
globally. It is obvious from the history of contamination that the methods employed to avoid detection have
gotten more sophisticated and complicated and increasingly necessitate the employment of current non-
destructive means of determination best. The type of the product and contaminant, as well as the distribution
of contamination across samples and within samples, are critical in selecting the most appropriate and
successful analytical method. New speedy and precise non-destructive analytical procedures capable of
analyzing individual product units are needed and are becoming increasingly crucial. The purpose of this
system is to non-destructively assess the quality level of an item. In particular, the proposed methods include
new techniques that reduce the human effort and subjectivity required to build the method and maximize
its performance. The settings that manage the image processing algorithm are automatically determined
using data-driven techniques rather than being specified by an experienced operator. A new approach has
been proposed to automatically identify the colormap in the image. This is an important step in analyzing
and reducing color measurement inaccuracies.
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Ozet

Glinlimiizde tatil planlamasindan enerji yonetimine, enerji dagitimindan tarimsal sulamaya, hayatin ¢ok
cesitli alanlarinda, 6zellikle yapay zeka uygulamalar1 ve akilli sistemlerde yagis tahminine ihtiya¢ vardir.
Yagis tahminlerinde yapay zeka teknikleri ve istatistiksel yontemler kullanilmaktadir. Bu calismada ge¢mis
riizgar, yagis, nem, sicaklik verileri kullanilarak Fitting ve NARX (Nonlinear Otoregresif Eksojen) yapay
sinir ag1 yontemleriyle yagis tahminleri yapilmistir. En randimanli model determinasyon katsayis1 ve
ortalama kare hata bakimindan NARX agiyla elde edilen model olmustur.

Anahtar Sozciikler: NARX; yagis tahmini, yapay sinir aglari.

Abstract

Today, there is a need for precipitation forecasting in many areas of life, from holiday planning to energy
management, from energy distribution to agricultural irrigation, especially in artificial intelligence
applications and smart systems. Artificial intelligence techniques and statistical methods are used in
precipitation forecasts. In this study, precipitation predictions were made by using the past wind,
precipitation, humidity and temperature data using Fitting and NARX (Nonlinear Autoregressive
Exogenous) artificial neural network methods. The most efficient model was the model obtained with the
NARX network in terms of coefficient of determination and mean square error.

Keywords: NARX; precipitation forecast; artificial neural networks.

1. Giris

Yagisin gozlem altinda tutulmasiyla su rezervlerinin kontrol altinda tutulabilecek, ekolojik dengenin
devamini saglanacaktir. Hidrolojik modelleme kapsaminda bu yeterlilikte meteorolojik tahminler énem arz
etmektedir. Gegmis riizgar, yagis, nem, sicaklik gibi verilerin matematiksel islemlerden gecirilmesiyle olusacak
tahmin modeli sayesinde daha az veriyle daha hizli ve daha dogru sonuca ulagsmanin yolu agilmis olacaktir[1].

Havacilik, tarim, erken uyari sistemleri, spor miisabakalari, enerji iiretim-planlamasi, can-malin korunmasi,
hidroelektrik santrallerinin iiretimi, baraj doluluk orani gibi alanlarda yagis tahmininden faydalanilmaktadir[2].
Bir ¢alismada giines 1s1n1m verisi tahmini i¢in sicaklik, nem ve yagis verileri girdi olarak alinmig, NARX aglar1
ile veri setinin daha uzun bir zamani1 kapsamasi durumunda hatanin ve benzerliklerin artacagi 6ngorilmiistiir[3].
Farkli bir ¢aligmada NARX sinir ag1 modeli ile riizgar hizi tahmini yapilmistir. Kullanilan yontemin yiiksek
performans gosterdigi, sonraki ¢aligmalara 1s1k tutacagi ongortilmistiir[4]. Bir ¢alismada ise Venedik Lagiinii
gelgit seviyesi tahmini NARX yontemiyle yapilmig, yontemin tahmin etmede giivenilir oldugu goriilmistiir[5].

Literatiirde yagis tahmini alaninda Yapay Sinir Aglar1 (YSA) (Fitting app) ile yapilan bir¢ok calisma
olmasima karsin NARX yapay sinir aglar1 (Time Series app) ile yapilan c¢alismalar arastirdigimiz kadariyla
nadirdir. Calismada Aydin Meteoroloji Midiirliigiinden saglanan saatlik verilerden bos olan saatler elenmis,
korelasyonu yiiksek olanlardan olusturulan modeller iginden en iyi model elde edilerek yagis tahmini
yapilmistir. Yapilan tahminler performans 6l¢iitlerine bagli olarak degerlendirilmistir.

2. Materyal ve Yontem

2.1. Kullanilan veriler

Calismada Aydin Meteoroloji Miidiirliigiinden tedarik edilen saatlik verilerin (sicaklik, nem, riizgar ve yagis)
Ozet bilgileri ve korelasyon analizleri tabloda verilmistir.
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Tablo 1. Verilerin analizi.

Yillar 2016 2017 2018 2019 2020 2021
Ortalama Yagis (nm=kg/m?) 1,689 1,537 1,469 1,234 1,367 1,315
En Fazla Yagis (nm=kg/m?) 12,10 44,40 17,90 20,70 17,90 19,00
Standart Sapma (kg/m?) 2,491 3,039 2,382 1,793 1,793 2,151
Carpiklik 2,660 7,789 3,638 4,354 3,873 3,922
Basikhik 7,623 94,27 16,59 32,76 25,50 20,80
Toplam Veri Sayisi (Saatlik) 282 1921 1939 2174 1555 1768

Tablo 1 incelendiginde 2016-2021 yillarinda ortalama yagisin 1,3 — 1,7 mm arasinda seyrettigi
goriilmektedir. Ote yanda ilgili yillar i¢inde en ¢ok yagisin 2017 yilinda ve en az yagisim 2016 yilinda
gerceklestigi goriilmektedir. Asagidaki denklemlerde X ortalamayi, x veri setindeki her bir veriyi, n dérneklem
boyutunu, s standart sapmay1 temsil etmektedir. Denklem (1)’ de aritmetik ortalamanin formiilii verilmistir.

=15 )

Standart sapmanin formiilii Denklem (2)’ de gosterilmistir. Tablo 1’ de yillara gore yagis miktari
degerlendirildiginde 2017 de daha fazla oldugu, 2019 ve 2020’ de ortalamaya yakin oldugu anlagilmaktadir.

= [Fa=nt @)

Carpiklik, bir dagilimin ortalamasi etrafindaki asimetri derecesini belirtir. Pozitif carpiklik, asimetrik ucu
daha yiiksek pozitif degerlere dogru genisleyen bir carpikligi belirtirken negatif carpiklik, asimetrik ucu daha
diisiik negatif degerlere dogru genisleyen bir dagilimi belirtir. Sifira yaklasan durumda ¢arpikligin azaldigindan
bahsedilebilir. Carpiklik katsayist Denklem (3) ile verilmistir. Tablo 1’ de normallige en yakin yil 2016 iken,
carpikligin en fazla oldugu yilin 2017 oldugu, tiim verilerde pozitif bir ¢arpiklik oldugu goriilebilir.

n Xj—f
(n—l)(n—Z)z( s )’ 3

Basiklik, normal dagilima gore bir dagilimin goreceli dikligini veya diizliigiinii verir. Pozitif basiklik, dik bir
dagilimi belirtirken negatif basiklik diiz bir dagilimi belirtir. Basiklik katsayis1 Denklem (4)’ de verilmistir.
Tablo 1’ de pozitif basikliktan dolay1 dik dagilim oldugu, en dik dagilimin 2017’ de oldugu goriilmektedir.

n(n+1) Xj — X 3(n—1)?
{(n—1)(n—2)(n—3)z( s )4} C(m—-2)(n-3) @)

2.2. Yapay sinir aglar

Geri yayilim sinir agmin ortaya ¢ikisi, daha aktif, cabuk 6grenen algoritmalar ile modelleme, 6grenme,
benzetim, tamimlama, tahminde bulunma gibi birgok alanda uygulamalarin yapildigi bir model olarak
tiretilmistir[9]. Caligmada veriler Matlab ‘Fitting app’ ile YSA’ ya uygulanarak yagis tahmini yapilmstir.

YSA’ da giris verileriyle elde edilen agirlikli giris verilerinin transfer fonksiyonu ile toplamlar1 alinir. Ag
degeri aktivasyon fonksiyonunda isleme tabi tutulur, boylece aktivasyon tamamlanir veriler ¢ikisa aktarilir.
z; = Y= (Wijx; + bj) (®)
Transfer fonksiyonunda hiicreye gelen girdiler Denklem (5)” deki formiil ile hesaplanir. n girdilerin sayisini;
w agirliklarini; x girdilerini ve b esik degerini temsil etmektedir. Aktivasyon fonksiyonu girdi-¢ikti arasi egrisel
eslesmeyi saglayarak agin performansim 6nemli diizeyde etkilemektedir. Hatayr minimumda tutmasi sebebiyle
en ¢ok kullanilan aktivasyon fonksiyonu sigmoid fonksiyonu olup Denklem (6)’ de yer almaktadir.
1
@) == (6)
Denklem (5)’ de toplam fonksiyonu sonucu elde edilen deger dogrusal olan veya olmayan tiirevlenebilir bir
aktivasyon fonksiyonundan gegirilir ve Denklem (7)’ de gosterildigi gibi bir sonug deger elde edilir[6].

y = f(z) = f(ZF1(wijx; + b)) (7)
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2.3. NARX yapay sinir ag1 modeli

NARX, klasik geri beslemeli ag yapilarina kiyasla daha hizli, etkili bir performans sergiler[7]. Girdiler
arasindaki baglantilarin optimal agirliklarina ulasmada daha hizli yakinsamasi, diger YSA' lara gore daha etkili
olmast sebebiyle bu ¢alismada tercih edilmistir[8], [9]. Cok katmanli geri beslemeli, ileri hesaplamali dinamik
bir YSA’ dir. NARX’ te yer alan “X” eksojen, dissal degiskenlerin modele dahil edilebilmesini ifade eder[10].
Model Sekil 1’ de gdsterilmistir, giris katmaninda gegmis yagis verileri (y(t)) ile sicaklik, nem ve yagis verileri
(x(t)) ayr1 ayn giris olarak kullanilmistir. Ara katmanda belirlenen ndron sayisi ile ¢alisan sigmoid fonksiyonuna
ek olarak, belirlenen 6teleme miktar1 kadar parametre degeri otelenerek egitime dahil edilir.

" GIRIS T 1.KATMAN "2. KATMAN  CIKIS
x(t) J k Geci kme

(L) i —— O
x(t-1)[ 2 ko :

NARX - yv(t) x(t-2)[ ¥

v(t-3), o f v,

\

y-2) 2 TSR

vt-1)[ A ¥

Sekil 1. NARX modeli ve i¢ yapisu.

Denklem (8)’ de zaman serisi t. degeri daha 6nce zaman serisinde bulunan p tane degerin bir fonksiyonu
olarak igleme dahil olmaktadir. Burada €, epsilon t anindaki model hatasini ifade etmektedir.

Ye = f(}’t—p ""yt—p) t & (8)

Denklem (9)’ da zaman serisi t. degerine ait bir hesaplama yapilmakta, noronlar arasi agirhik degerleri w; ve
v;j, gizli katmanda ndron sayisi p ve gizli katman aktivasyon fonksiyonu f ile gosterilmektedir.

Ye = Wo + 25-):1 wif (voj + Ximq VijYe—1) + & 9)
2.4. Performans kriterleri

2.4.1. Ortalama kare hata (OKH)

Hata degerlerinin biiyiikliklerinin benzer oldugu durumlarda kullanilan bir 6l¢iitdiir. MSE (Mean Squared
Error) olarak da bilinir. Denklem (10)’ da gergek ¢ikis (Vi(gercek)), beklenen ¢ikis (¥i(tanminy) © dir[11], [12].

1
MSE = OKH = N Zévzl(yi(tahmin) - yi(gergek))2 (10)

2.4.2. Determinasyon (belirlilik) katsayisi (R?)

Regresyon hesab1 sonrasi, determinasyon katsayisi uyum iyiligi performansi igin yapilir ve bu katsay1 (R?)
hesab1 Denklem (11)’ de gdsterilmistir[13]. (R?) 0 ile 1 arasinda deger alip 1’e yakinlig1 tahmin giiciinii artirir.
n

Rz =1-— Z (Yi(ger(;ek) - .'yi(tahmin))2 (11)
; (.Vi(g

ercek) — Ortalama()’gergek))z
3. Bulgular
Tablo 2’ de yer alan n; nispi nem (%), s; sicaklik (c°), r; riizgar hiz1 (m/s) ve y; yagis (mm=kg/m?) verilerini
temsil etmekte olup (y-1) ifadesindeki -1 Gtelenen saat sayisidir. Tablo 2 incelendiginde y ile y-1, nile n-1 ve 'y
ile y-1 arasinda yiiksek korelasyon oldugu, dogrusal modelde iyi sonug verebilecegi soylenebilir.

Tablo 2. Verilerin korelasyonu.

n n-1 S r r-1 y y-1
n 1
n-1 0.762 1
S -0.695  -0.568 1

0.040 0.043 -0.023 1
r-1 0.040 0.040 -0.021 0.667 1
y 0.194 0.189 -0.101 0.081 0.083 1
y-1 0.199 0.194 -0.104  0.085  0.080 0.956 1
(ICADA’22) 2nd International Conference on Artificial Intelligence and Data Science June 17-June 18, 2022

Izmir Katip Celebi University

Izmir, Turkey

105



Tablo 3’ te, yiiksek korelasyona sahip parametrelerden olusan modeller ve denklemleri verilmistir.

Tablo 3. NARX ve Fitting YSA i¢in hazirlanmis modeller.

Model Giris Katmam Giris Katmanlarina Gore Elde Edilen Denklemler

1 n,n-1,s,r,y-1
2 n,s,rrly-1
3 ns,r

0.0004x, + 0.0002x,+ 0.0004x; + 0.0061x, + 0.941x, - 0.0472
0.0005x, + 0.0004x,+ 0.0102x; - 0.0061x, + 0.9415x, - 0.0399
0.0006x, + 0.0005x, + 0.6665x + 0.3998

MATLAB Fitting uygulamast YSA modelinde, sigmoid fonksiyonunu igeren gizli katman 10 nérondan
olugmakta, zaman serisi uygulamasi ile olusturulan YSA modelinde ise gecikme sayist 2 olup gizli katman 10
norondan olusmaktadir. 9639 verinin %70’ i (6747) egitim igin, %15’ i (1446) dogrulama igin, %15’ i test i¢in
(1446) kullanilmistir. Agimn egitimi Levenberg-Marquard egitim algoritmasi ile yapilmustir.

Tablo 4. NARX ve Fitting YSA ile elde edilen verilerin R? ve OKH degerleri.

Model NARX YSA Fitting YSA
R? OKH R? OKH
1 0.91 0.0003 0.88 0.0384
2 0.90 0.0392 0.90 0.0382
3 0.46 0.2550 0.45 0.2552

Tablo 4’ te yer alan veriler incelendiginde NARX agmin determinasyon katsayisi yiiksek ve hata miktarinin
diisiik oldugu anlasilmakta, en iyi modelin 1. model oldugu goriilmektedir.

4. Sonuglar

Sicaklik, nem, riizgar hiz1 ve yagis miktar1 verileriyle yagis tahmininde bulunabilmek i¢in NARX ve Fitting

YSA kullanilmistir. Anlamli sonuglar alabilmek i¢in verilerin 1 saate kadar kaydirilmasiyla, arasindaki
korelasyon katsayisina dikkat edilerek, 3 farkli model olusturulmustur. Modeller NARX ve Fitting YSA ile
hesaplamalara tabi tutulmus, islemler sonucu performans 6lgiitleri (R? ve OKH) elde edilmis, bu 6lgiitlere gore
en randimanli modelin 1. model oldugu goriilmiigtiir. Ayn1 zamanda NARX aginin hem determinasyon katsayisi
hem de ortalama kare hata bakimindan Fitting YSA’ dan daha iyi sonug ¢ikardigi goriilmektedir.
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Abstract—Data-Driven modelling is a commonly used technique for optimization of models with expensive computational needs such
as antenna designs. In this work, by using Artificial Intelligence algorithms and simulated data obtained from full-wave simulators, data
driven modelling of a microstrip patch antenna with a G shape radiator element is taken under study. The main aim of this process is to
use the generated data driven model as a fast and efficient surrogate model to assist the optimization process of geometrical design
parameters of the antenna for achieving a characteristic for dual band antenna applications. Different types of regression algorithms
such as Artificial Neural Networks, Support Vector Regression Machine, Ensemble Learning, and Gaussian Process Regression has been
used to create a mapping between the input and outputs of the training data. After that, via the use of the meta-heuristic algorithm
Invasive Weed Optimization, the G shaped microstrip antenna for dual-band applications had been optimally designed. The obtained
design operates at 0.9 & 1.8 GHz frequencies which is a suitable candidate for GSM band applications. The obtained results of data
driven model are compared with the full-wave simulation results. As a result, the proposed study achieves a computationally efficient
optimization for inexpensive and computationally efficient optimization of dual band antennas.

Keywords—Data driven modeling, Artificial Intelligence, Dual band, optimization.

. INTRODUCTION

Thanks to the fast and continuous improvement in wireless communication applications, systems with different standards such
as GSM, UMTS, and WLAN [1] are developed and each of them has different operating frequencies. As such, it is more convenient
to have an antenna with broadband or multi-band characteristics [2-11] instead of using many different antenna stages. In literature,
there are many works on the design and modelling of multi band or broadband antenna stages [12-15]. Although each of the
mentioned works provides a different approach to achieving a high-performance antenna design, each of the faces a challenging
problem. Design and optimization of models with mentioned performance criteria is a challenging quest due to the increased number
of design variables, a more complex inner relationship of parameters etc. This challenge push designers to decide on either using a
fast and computationally efficient coarse model or a fine model with high accuracy but not good or acceptable computational
efficiency [16]. The most used technique for having an accurate, fast data model for optimization of microwave antenna is the usage
of data-driven surrogate modelling. The most used technique is Artificial Neural Networks [16-24].

In this study for having a fast, accurate and reliable model to be used for the optimization of aimed dual-band antenna design,
Artificial Neural Networks algorithms and their counterpart methods had been deployed to create data-driven surrogate models of
the studied antenna design. First, with getting help from a full-wave electromagnetic simulator, training data for the surrogate model
is generated. After that, Modified Multi-Layer Perceptron (M2LP) [18-19] a regression algorithm based on both shallow and deep
neural networks is used for creating the data-driven surrogate model between the input and output of the data set. The last step of the
proposed method is to use the generated data-driven surrogate model and a meta-heuristic optimization algorithm to achieve the
studied optimization problem of dual band antenna.

Il.  DATA DRIVEN SURROGATE MODELLING OF ANTENNA

Herein, a microstrip patch antenna design (Fig. 1) with G shaped radiator and a semi defected ground structure is taken into study.
The antenna consists of a G shape rectangular radiator, and a semi defected ground plane. The lower and upper limit of the variable
space for this problem is presented in Table 1, for domain reduction of the problem some parameters are simplified as follows L3 =
L2/2,W3 =W1+ W2,L1 = L5. Latin-Hyper cube Sampling (LHS) is chosen as the sampling method for generating training and
test samples based on the given input domain in Table I. A total of 1000 data samples (800 for
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training and 200 for hold-out) are used to evaluate the performance of the data driven models. Here, each generated data sample
has the response of scattering parameters between 0.5-2.5 GHz with a step size of 0.1 GHz.

SMA Port SMA Port
Fig. 1 Schematic of the G shape dual-band antenna.

TABLE I. DESIGN VARIABLES AND THEIR VARIATION LIMITS
Parameter | Lower | Upper | Parameter | Lower | Upper
L1 60 70 W1 2 5
L2 20 40 W2 15 30
L4 1 6 W4 5 30

In this study, some of the most used Artificial Intelligence algorithms for data-driven surrogate modelling are used where their
results are presented (Table I1). The presented results are obtained via a k-fold validation with k = 5, alongside the additional hold-
out data set with 200 samples using Relative Mean Error (RME) (Eq. 1).

1 ITi—Pil

RME = 231, I (1)

T: targeted value, P: predicted value, N total number of samples for the inspected frequency band.

TABLE II. PERFORMANCE RESULTS OF ALGORITHMS

Model Hyper-Parameters K-fold/Holdout

Epsilon=0.2, 0 o
SVRM Kernel function: Radial basis 7:2%192%

Gradient Learning rate : 0.035
N. of estimators : 4700 depth 6.9% / 8.4%
Boosted Tree )
of model : 4
depth of model : 3 o o 0

matp N. initial Neuron: 64 4.9% %5.7%

As it can be seen from the Table Il results, although all models achieve similar k-fold validation which can be accepted based on
the sensitivity of the problem, their Hold-out performance, however, has a higher difference which directly indicates that both
SVRM, and Gradient Boosted Tre algorithms tend to have a higher level of over-fitting compared to the M2LP which has almost
half error rate compared to these algorithms. Thus, due to the lowest error value both in k-fold validation and hold out data sets,
M2LP will be used as the optimal model for this problem.

I1l.  STuDY CASE

In this work, Invasive Weed Optimization (IWO) is selected as an efficient meta-heuristic optimization tool for the optimization
of antenna geometries [25-28] where Eq. (2) is the cost function that is used to guide the search process.

[ f,

_ G t_ G, 2)
Cost=2 5 (] &= (]

The weighting coefficients are taken as C1 = €2 = 1. The cost function is aimed to maximize Sy values in the given frequency
ranges of (1) 0.9 GHz, and (Il) 1.8 GHz. As a result of the IWO optimization process using the cost function in Eq. 2, obtained
MZ2LP surrogate model using the limitation given in Table I, the values presented in Table 11l had been obtained as an optimal
model for selected operation bands of 0.9 and 1.8 GHz. Here it must have empathized that in literature there are many other types
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of meta-heuristic optimization methods which might have better or worse convergence speed than the used IWO algorithm in this
work, which designers is also must make a study for further improvements in their problem, however, for two reasons this topic is
not studied in this work (1) for the sake of simplification of the studied problem, (11) with the usage of data-driven surrogate models,
the function evaluation of each candidate solution is extremely accelerated where the convergence speed of the used search protocol
can be neglected.

TABLE III. OPTIMAL DETERMINING DESIGN PARAMETERS OF THE G SHAPE ANTENNA IN [MM]
L1 66.3 w1 4.0
L2 31.3 w2 20.2
L4 4.0 W4 14.4

To justify the obtained results of the optimally selected parameter using M2LP based the obtained scattering characteristics of M2LP
are compared with the simulated result of a full wave EM simulator (Fig. 2). From Fig. 2 it can be said that the obtained results are
in a good agreement where the scattering characteristic of the obtained result from M2LP shows that the antenna is operates at the
aimed to operation frequencies of 0.9 and 1.8 GHz that is also seen in results of full-wave simulator.

X 1.8051

~ /——-
~ Y -10.152 = - |
.\)/’
-
o

—-15F x 0.9000 I X 1.80891 ]
@ Y -18.361 i Y -12.4865
220 F \1’ = = Predicted )
=———3D EM Simulation
-25 L L |
0.5 1 1.5 2 2.5

Frequency [GHz]
Fig. 2 simulated results of full-wave simulator and M2LP surrogate model

IV. CONCLUSION

Via the use of surrogate modelling techniques, computationally efficient optimization of dual-band antenna is studied. For this
mean, a modified multi-layer perceptron regression model had been used alongside a meta-heuristic optimization IWO to find optimal
values for design parameters of the studied antenna for the given search limitations of lower and upper values and requested operation
frequencies of 0.9 & 1.8 GHz. The antenna model obtained from the M2LP surrogate model is compared with the result of the full-
wave simulator for justification of the proposed work and as a result, the proposed technique is in good agreement with full-wave
results.
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Abstract

With the rapid development of digital technology in recent years, the need for products to be used in accessing
technology has been increased. Antennas are at the forefront of these products. Antennas are in the first step
of theproducts that enable to reach technology. Since there is almost no area where digital technology is not
used, the need for studies in this field has increased day by day. In this study, a Wi-Fi antenna with 2.4 GHz
operating frequency to be used in digital technology has been designed. While design the antenna, support has
been taken from artificial intelligence and machine learning, which are indispensable for the new world.
While designing the antenna, CST Microwave Studio program is used and numerical computations are done.
Double sided copper plated FR-4 substrate with a dielectric coefficient of 4.3 and a thickness of 1.6 mm is
used. After the antenna design is completed, necessary changes are done and parametric analysis is conducted
for the machine learning assisted S11 estimation. As a resultof this study, an antenna with a return loss value
of 41 dB and a bandwidth value of operating between the frequencies of 2.37 GHz -2.42 GHz has been
designed. The designed antenna is acceptable according to IEEE 802.11 standards.

Keywords: Wi-Fi Antenna; Microstrip; Machine Learning; IEEE 802.11; Antenna Design.

1. Introduction

With the increasing technical demands in wireless communication technology which has been initiated by
the evolving digitalization, the microwave components in this technology field have started to be improved in
comparison to the conventional microwave components [1-5]. Antenna is one of these important technological
components [6]. In this study, an antenna with high return loss value and 2.4 GHz operating frequency is
designed and the results are examined. Many studies have been carried out in this area from the past to the
present. Antenna designs have been continuously improved [7]. Dimensional changes are at the beginning of the
studies [8]. Have been to design an antenna in a small size will make it cost-effective and compact. In line with
this definition, microstrip antenna, which is the most advantageous option that meets the demand, is discussed
[9]. Rachmansyah et al designed the flattest microstrip patch antenna known. The gain value of this antenna is
11dBi. Another main problem of microstrip antennas is narrow bandwidth. The most important task to solve this
problem to change the supply line [10]. Haydar Ahmet, Y. Tesneli and N. Berna Tesneli compared the results
uses different feeding methods and analyzed the most appropriate feeding to be used in the designed model.
Coplanar feeding the best feeding method with 60% bandwidth. Another development workis to modify the
antenna geometry and make slots on the antenna [11]. Raad H. Thaher and Zainab S. Jamil conducted
parametric studies on the antenna and opened slots in certain areas. The antenna which is they designed works
in 2.4/5.8 GHz bands for Wi-Fi/WiMAX applications. The results of return loss is 32.77 dB at 2.4 GHz at 7.4%
bandwidth and 25.955 dB at 5.8 GHz with 8.17% bandwidth [12]. All these studies have been carried out takes
into account certain protocols. This protocol is IEEE 802.11. IEEE 802.11 standards are the general name of the
developed wireless networks. This standard has been also taken into account in this study. In the designed
antenna, it is aimed to design the most suitable microstrip antenna in terms of return loss and antenna gain.

The paper is structured as follows. In Section 2, a discussion will be made about the design of the designed
antenna, its dimensions, and the preferred application for simulation. In Section 3, simulation results of the
designed antenna are presented. In the last section, section 4, the general summary of the study is explained.

2. Material and Methods

2.1. Proposed Antenna Design

While designing the antenna, micro strip antenna has been preferred due to its geometry, lightness, low
production cost and compactness [13]. Microstrip antenna has 3 important layers. These are Ground - Patch —
Substrate. The
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ground part of the designed antenna is made of copper and its thickness is 0.035 mm. This layer is conductive.
The substrate layer is the second layer. FR4 material has been chosen for this layer. Its dielectric coefficient is
4.3 andits thickness is 1.6 mm. This material is generally preferred in antenna designs. The last layer where the
radiation takes place is the patch part [14]. In this part, it should be conductive like ground. Copper is used in
the patch part of the designed antenna and its thickness is taken as 0.035 mm. While the data have been taken
for machine learning, the parameters that have been modified on the Patch are determined from this section. The
optimum values obtained after machine learning are shown in Figure 1 of the generated antenna.

2.2. Simulation of Proposed Antenna

The CST microwave studio program has been used to design the antenna. The antenna designed as a
result of the simulation is shown in figure 1.

8895 mm e 90.00 mm

70.00 mm
W po'oL

20.00 mm

Figure 1: Proposed Antenna Design Front and Back View

2.3 Machine Learning Algorithms in Proposed Antenna

Machine learning algorithms act as computers' minds, promoting learning and improve. More data means more
algorithms are triggered, leads to the computer learning and improves its output. If the prediction does not
come true, the algorithm is retrained until the desired outcome is achieved. This allows the machine learning
system to self-train and provide the greatest possible response, which will increase in correctness over time.
Machine learning is predicted to speed up the antenna design process while retains high accuracy levels,
reduces errors and speeds up the process, as well as predicted antenna performance, improves computing
efficiency, and reduces the number of iterations required [15].

In the antenna to be designed, 3 different parameters are changed over 5 values, and 125 parameters are
examined as 5x5x5. Changes have been made on the patch and ground, and the most effective values at 2.4 GHz
operating frequency has been examined. The parametric results are put into the machine learning code and the
results are analyzed in different regression models and the best prediction algorithm is found.

Machine learning regression algorithms have been used in this study. Regression algorithms have been
chosen because machine learning will be used on the prediction process. Analysis has been done on 4 different
regression algorithms. These algorithms are Polynomial Linear Regression, Random Forest Regression, SVR
and KNN. According to the value received from the user, the algorithm that makes the closest estimation has
been determined.

3. Results

The results of the simulations of the antenna designed in the CST microwave studio program are examined.
The return loss, gain and radiation pattern graph required for the antenna are given below. Machine learning
regression results are shown.
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Figure 2: Return loss of proposed antenna

The S parameter result of the designed antenna is shown in Figure 2. The bandwidth value is shown on the
S11 result graph. The Wi-Fi antenna operating frequency has a return loss value of 41 dB. This return loss value

is accepted in antenna design and is a good value
antenna is 2.37 GHz - 2.42 GHz.

farfield (f=2.4) [1]
Type Farfield

Approximation  enabled (kR >> 7
Companent Abs

Cutput Gain

Frequency 24 GHz

Rad. Effic, -6.869 dB

Tot. Effic. -7.393 dB

Gain 0.8316 dBi

by standards. The operating frequency range of the designed

dBi
0.832
-5.23
-11.3
-174
-234
-29.5

-39.2

Figure 3: Radiation Pattern of proposed antenna

The gain of the designed antenna has been

obtained as 0.832 dBi as seen in Figure 3.

For machine learning algorithms, 3 effective parameters are chosen to replace the places with the greatest
effect on the antenna. First, the width of the antenna feed line (P1), then the size of the rear slot (P2), and
finally the length of the lower arms (P4) are given. Parametric analysis has been performed for 5 different
results of each value. As a result of this analysis, after the necessary code has been written, a value has been
taken from the user for the estimation and the algorithm made an estimation accordingly. The values received
from the user are shown in Table 1. Estimation results are shown in table 2. The algorithms estimated the

return loss value of the antenna.

Table 1: Proposed Antenna Selected Parameters Values
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Table 2: Proposed Antenna Machine Learning Results

-21.516 dB
-35.73622 dB
-4.61723 dB
-12.55028 dB

125 parameters received for the designed antenna has been put into machine learning. 30% of the data has
been used for learning and 70% for testing. After the data put into machine learning, the results have been
examined on 4 different algorithms Selected 4 different algorithms are shown in Table 2. Machine learning gave
that the regression model that gave the best result for the selected value after performing the necessary learning
and testing stages. Many observes have been made to confirm that this regression model works better than
others. According to the results, the best estimation algorithm for the parameters in this design is Random Forest
Regression.
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Abstract

Machine learning (ML) is a subset of artificial intelligence that uses computers to learn from data. It is an
essential tool for analyzing and predicting patterns in large data sets. Regression algorithms are used in ML to
predict the value of a given input for a set of data points. Regression analysis is a statistical technique that
helps determine the cause of an output variable. Complex predictions about future values for previously unseen
data can be produced by understanding the underlying relationships between input and output variables.
Concrete-filled steel tube (CFST) columns have a unique combination of properties that none of the materials
used alone can provide. Steel, a strong and dense material, provides tensile strength to support the weight of
the structure. Concrete, a material with great compressive strength, provides the load-bearing capacity to hold
the weight of the structure. When used together, CFST provides improved qualities, such as fire resistance,
load-bearing capacity, and corrosion resistance, that neither material alone can provide. The ultimate
compressive load of these columns is known to be very critical in engineering applications, as they are very
often used to support high-rise buildings and other structures where considerable loads are expected to fall
directly on columns. Hence, it becomes very important to estimate the ultimate compressive loads of these
columns with high accuracy so that loads can be safely supported. This paper examines the ultimate
compressive loads of CFST rectangular columns under eccentric loading using ML techniques.

Keywords: concrete-filled steel tube; machine learning; ultimate pressure load

1. Introduction

The characteristics of CFST members are fascinating. They improve numerous attributes, including load-
bearing capacity, fire resistance, and earthquake resistance, by combining the tensile strength of the steel tube
with the compressive strength of the concrete core. CFST members have recently been used in projects such as
buildings, bridges, and underground stations due to their resistance to moments as well as simple beam-column
joints [1]. It is well known that concrete-filled steel tubes have complicated and nonlinear behavior under axial
compression. Theories, numerical calculations, and experiments are being used to gain more insight into the axial
behavior of rectangular concrete-filled steel tubular members. However, in most cases, a small number of column
samples is not enough to accurately determine the properties of the materials and understand their behavior. The
limited number of test specimens and the costs required to perform experiments are the main reasons to use
artificial intelligence techniques [2].

ML is being used more and more in the data-driven world. It is able to predict various outcomes and trends
based on data analysis [3, 4]. In general, ML models can be used to learn about data, create predictions about
unseen data, or train a model to make predictions about new data [5].

The main advantage of using CFST columns is their high load-bearing capacity. Estimating the ultimate
pressure load for concrete-filled steel tube columns is critical for the safety of the structure. Ultimate pressure
load is the maximum pressure that a column can withstand without buckling or collapsing. In addition, the strength
of the CFST columns can be further improved by estimating the ultimate pressure load [6]. This research tries to
forecast the ultimate compressive load, one of the most crucial engineering characteristics for composite structures
on rectangular CFST columns under eccentric loading, using four different ML methods.

2. Data Processing

This study makes use of experimental data from 622 CFST columns gathered from the literature [7]. Table 1
displays the preliminary assessment of all variables in the database, including notation, unit, minimum, maximum,
average, and standard deviation. Variables in the data can be categorized into two broad groups, independent and
dependent variables. Independent variables are not dependent on any variable, while dependent variables are those
that depend on the behavior of independent variables. Among these variables, H, B, t, L, fy, fc', and et are identified
as independent variables for ML models, whereas Nu is the dependent variable to be estimated.
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Table 1. Statistics of the dataset

Cross Concrete

section Cross section Stgel tube  Column’s Steel yield compressive Loading ) Ultimate
height width thickness  length stress strength eccentricity  load
Notation H B t L fy fe et Nu
Unit mm mm mm mm Mpa Mpa mm kN
min. 60.00 60.00 0.70 60.00 194.00 10.00 0.00 105.40
max. 360.00 324.00 12.50 4500.00 835.00 183.00 75.00 14116.00
mean 149.57 139.59 4.73 1425.58 432.85 60.25 10.14 1996.37
stdv 56.72 52.71 211 1074.19 178.32 35.62 17.71 2037.71

The correlation matrix is used to get additional information about the relationship between variables (see
Figure 1). A positive correlation means that when one variable rises, so does the other. A negative correlation, on
the other hand, shows that when one variable rises, the other variable declines. According to the correlation
coefficient, the strength of association between the variables is high (high correlation coefficient) if the variables
have a positive relationship with each other. In addition, they have a low degree of association (low correlation
coefficient) if the variables have a negative relationship with each other.
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Figure 1. Correlation matrix of features in the dataset

Cross-section width, cross-section height, steel tube thickness, and steel yield stress strength are the
independent factors that have the strongest association with the ultimate load, as can be shown in Figure 1. The
ultimate load has the strongest inverse relationship with column length and load eccentricity.

3. Machine Learning Models

ML is an area of artificial intelligence that uses computer algorithms to learn and make decisions based on past
experiences. It is a growing field that uses statistical models and large amounts of data to achieve predictive
results. This research tries to forecast the ultimate compressive load on rectangular CFST columns under eccentric
loading, using four different ML methods: Support Vector Regression (SVR), Extreme Gradient Boost
(XGBoost), Random Forest (RF), and Decision Tree (DT).

3.1 Support Vector Regression Model

The support vector machine [8] is a supervised ML technique used for classification and regression [9]. It is
used in fields such as data science, artificial intelligence, computer vision, and ML [10].

Support Vector Regression (SVR) determines the best-fitting hyperplane with the maximum number of points.
SVR model attempts to fit the best line within a given threshold value. This contrasts with conventional regression
models, which try to limit the gap between the real and estimated values [11]. SVR not only has the advantage of
strong generalization ability but also provides fast convergence speed. There are unique advantages in dealing
with small samples and nonlinear problems [12].

3.2 XGBoost Regression Model
Extreme gradient boost (XGBoost), a technique that has recently been developed and used in many fields, is a
versatile tool [13]. This technique's well-organized, portable and flexible approach will be suitable for all kinds
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of applications. It also employs the first-order Taylor expansion of the loss function while combining Cause Based
Decision Tree with Gradient Boosting Machine to create an algorithm that will efficiently process all types of
data without overfitting [14]. With such unique capabilities, this algorithm can be successfully employed for
developing forecasting models being regression or classification processes are executed on the targeted dataset.
Moreover, XGBoost is ideal when working with big datasets containing a considerable number of attributes [15].

3.3 Random Forest Regression Model
The Random Forest (RF) model, an extension of a classification and regression tree (CART), is a popular ML
approach that predicts outcomes from a collection of predictors using an ensemble of decision trees [16]. Each
independent tree is run with its own "bootstrap” sample from the training dataset and produces an individual
forecast as well as a combined forest forecast. The underlying idea of RF models is that weaker performing but
still, reliable trees can be used in combination to generate accurate forecasts by aggregating their votes together
rather than relying on just one tree or even a few highly predictive ones alone [17, 18]. Furthermore, it can be

used to analyze either classifications or regressions, with informative results that may give statistical probabilities
in their predictions.

3.4 Decision Tree Regression Model
Decision Tree (DT) is a nonparametric model of supervised learning that is used for both classification and
regression analysis. It splits the dataset into smaller classes and uses the resulting tree structure to predict results.
DT model contains three different types of nodes, namely root nodes, interior nodes, and leaf nodes. The first split
in the tree root node leads to more types of internal trees, called the interior tree. These are represented by data
features and decision rules while leaves represent final results from decisions made on them by intermediate trees
before leading to one result at last after completing all the branches in this part of the tree (root) [19].

4, Results

Scaling is the process of converting values from their original scale to a standardized scale. Scaling data
involves taking each variable in a dataset and mapping it to a value between “-1” and “1”. The data in this study
are standardized in preparation for modeling and analysis.

During the process of developing the four regression models, 80% of the data is determined as training data
and 20% as test data. The algorithm is trained using training data, which accounts for the vast bulk of the data,
and test data is used to evaluate model accuracy. The ultimate compression load of CFST columns is then
predicted using training dataset employing four ML regression models.

Figure 2 shows the scatter plots between the estimated and real values for each ML model.
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Figure 2. The distributions of the observed ultimate load vs predicted ultimate load
The best models are those in which the points are as close to the 45-degree line as possible. Figure 2
demonstrates that the points in the DT and RFR models have a wide distribution and are slightly further away
from the 45-degree line than the other models. A close distribution of points and proximity to the 45-degree line
for the SVR and XGBoost regression models, respectively, indicates that these models are stronger predictors.
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Table 2. Performance measurements for the test dataset.

ML method RMSE R? MAE
SVR 243.52 0.98 168.52
XGB 403.45 0.95 246.91
RFR 474.35 0.93 247.84
DTR 528.48 0.91 285.40

This study evaluates the prediction accuracy of each ML model by looking at three performance metrics: Mean
absolute error (MAE), root mean square error (RMSE), and coefficient of regression (R?). MAE is a measurement
of how far the predictions of a model are from the actual numbers. It is the average of the absolute values of the
differences between estimated and real values. RMSE is the square root of the average of the squared prediction
errors and is more sensitive to large errors than MAE. R? is a statistical measure of how well a regression model
fits the data. A score of 1 means that the model exactly fits the data, whereas a value of 0 shows that the model
does not fit the data. Furthermore, the lower the RMSE and MAE, the better the accuracy of a regression model.

Table 2 shows RMSE, R?, and MAE of each ML regression model for forecasting the ultimate compression
load of CFST columns. The results show that SVR, XGBoost, RFR, and DTR all have an R? value of over 0.9.
SVR and XGBoost models have better R? values than other models, and the R? value of SVR model is higher than
XGBoost with 0.98. In addition, SVR achieved the lowest RMSE (243.52) and MAE (168.52), indicating better
performance when predicting the ultimate compressive load on rectangular CFST columns under eccentric
loading.

The outcomes show that SVR and XGBoost models provide more accurate predictions for future compressive
loads than RFR and DTR models do.
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Street Fighter icin Genetik Programlama Kullanarak Yapay Oyuncu Gelistirme
Creating Artificial Game Players using Genetic Programming for Street Fighter
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Ozet

Gilinlimiizde oyunlar yapay zeka yontemleri gelistirenler i¢in bir kiyaslama ortami olarak kullanilmaktadirlar.
Bu calismada eski eglence salonu oyunlarindan olan Street Fighter oyunu icin genetik programlama
kullanilarak yapay oyuncular gelistirilmistir. Oyunculara oyun hakkinda ¢ok az bilgi verilmesine ragmen
oyunu basarili bir sekilde 6grenmisler ve tiim rakipleri eleyerek oyunu bitirmisler.

Anahtar Sozciikler: Genetik programlama; yapay oyuncu; oyun yapay zekdsi

Abstract

Recently games are being used as a testbed for artificial intelligence algorithm developers. In this work,
artificial players for an old arcade game, Street Fighter, are developed using strongly typed genetic
programming. Players have successfully learned the game in despite of too little information provided to them
and been able to eliminate all of the opponents and finish the game.

Keywords: Genetic programming; artificial player; game artificial intelligence

1. Giris ve Amac¢

Video oyunlar1 karmasik gercek diinya ortamlarinin eglence amacgh olarak basitlestirilmis halleridir ve
iclerinde bir¢ok kiiciik problem bulunmaktadir. Bu problemlere ¢6ziim iiretecek yapay zeka algoritmalari,
oyunlar bir test ortami olarak kullanarak algoritmanin verimliligine 151k tutabilir. Simiilasyon imkanlarinin kisith
oldugu gercek diinya yerine oyun ortamlarinin kullanilmasi, algoritmalarin daha fazla 6rnek iizerinde test edilmesi
imkanini saglar.

Oyunlarda yapay zeka yontemlerinin test edilebilmesi igin, Atari 2600 oyun konsolundaki oyunlarin
bulundugu Arcade Learning Environment(ALE)[1], genel yapay zekd uygulamalarinin gelistirilmesini miimkiin
kilan ve klasik atari oyunlarinin benzerlerinden olusturulan GVGAI[2], klasik pekistirmeli 6grenme
problemlerinin bulundugu Gym[3] ve eski oyun konsollarindaki oyunlarin kullanilabilecegi bir ortam olan Gym-
retro[4] gibi platformlar olusturulmustur. Bu platformlar pekistirmeli 6grenmeye uygun olarak tasarlanmustir.
Platform yapay oyuncuya, oyunun o anki durumunu sunar ve oyuncunun bir eylem gerceklestirmesini bekler,
eylem gerceklestikten sonra oyunun yeni durumu ve 6diil degerini sunar. Platformlarin bu 6zelligi oyunun yapist
hakkinda 6nbilgi sahibi olmadan oyunlarm 6grenilebilmesini miimkiin kilar.

Mnih vd., derin pekistirmeli 6grenme kullanarak, sonrasinda birgok ¢aligmayi tetikleyen, ALE platformundaki
bir¢cok oyunda insanlarin elde ettigi skor degerlerini alt etmislerdir[5]. Samothrakis vd., GVGAI platformunda
ndroevrim yontemini kullanarak on farkli oyunun sekizinde egitimdeki baslangi¢ skorunu artirarak 6grenme
gergeklestirmigler[6]. Sadavarte vd., Gym platformundaki fizik tabanli bir aya inig simiilasyonu igin iki farkli
pekistirmeli 6grenme algoritmasinin performansini karsilastirmistir[ 7].

Oyunlardaki problemleri ¢6zmek igin pekistirmeli 6grenme yontemlerinin yani sira evrimsel hesaplama
algoritmalan da siklikla kullanilmaktadir. Alhejali ve Lucas, Ms. Pac-Man oyunu igin genetik programlama
kullanarak hayaletlerden kagan ve elle kodlanmis yapay oyunculari alt eden rekabetgi yapay oyuncular
gelistirmigler[8]. Jia ve Ebner, GVGAI platformundaki {i¢ oyun igin genetik programlama kullanarak yapay
oyuncular gelistirmigler ve gelistirilen oyuncularin bu ii¢ oyunda verimli ¢oziimler tirettigini gézlemlemisler[9].
Kelly ve Heywood, dogrusal genetik programlama ve program ¢izgeleri kullanarak ALE platformundaki yirmi
oyunun on besinde pekistirmeli 6§renme ve néroevrim yontemlerinden, yedisinde de ger¢cek oyunculardan daha
iyi skorlar elde etmisler[10]. Reid vd., bahsedilen platformlarin aksine, giincel bir bilgisayar oyunu olan ve
birbirine baglantili problemleri dengeli bir sekilde ¢dzmeyi gerektiren, bir fabrikadaki iiretimi simiile eden
Factorio i¢in bir ara yliz gerceklestirmisler ve gesitli boyutlardaki problemleri genetik programlama, pekistirmeli
O0grenme ve benzetim tavlamasi gibi yontemlerle ¢ozmeye ¢alismislar[11]. Kelly vd., bir genetik programlama
tiirii olan girisik program ¢izgelerini, gorsel bir pekistirmeli 6grenme problemi olan VIZDoom "u ve zaman-serisi
tahmini problemlerini ¢6zmek i¢in kullanmiglar[12].
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Bu ¢alismada Sega Mega Drive oyun konsolunda bir déviis oyunu olan Street Fighter Il Special Champion
Edition(SF2) igin kisith bilgi saglandiginda yerlesik kodlamaya sahip bilgisayar oyunculari ile doviisebilecek
genetik programlama kullanan bir yapay oyuncu gerceklestirmek amaglanmistir.

2. Materyal ve Yontem

Bu béliimde SF2 oyununun yapisi, gym-retro platformu ve giiclii tiirlii genetik programlama anlatilmaktadir.

2.1. Street fighter oyunu

SF2, eglence salonlarinda biiyiik basar1 elde etmis Street Fighter oyun serisinin 1993 yilinda Sega Mega Drive
oyun konsolu i¢in ¢ikarttig1 stiriimiidiir. SF2, bire bir doviislerin gerceklestigi rekabet¢i bir doviis oyunudur.
Oyunun vur-kir (arcade) tarzinda, zorluklar giderek artan 12 rakip doviiscli ve 3 6diil boliimii bulunmaktadir.
Oyun iginden bir goriintii Sekil 1°de verilmistir.

SLAGYL

if_then_else

™

Action Action
mod 45 add
frame 129 remaining
time
Sekil 1. Street Fighter II oyun i¢i goriintiisii Sekil 2. Ornek bir agag yapist

2.2. Gym-retro platformu

Gyme-retro platformu, dokuz farkli oyun konsolunun emiilatoriinii barindirir ve oyunlar1 bir pekistirmeli
O0grenme ortamina doniistlirebilir[4]. Platformdaki oyunlar kartuslarda bulunan salt-okunur bellekteki veri ve
programlarin emiilator lizerinde ¢alistirilmast ile oyun konsollarindaki gibi ¢alistirilabilir. Bir konsol oyununu
gym-retro platformuna entegre etmek i¢in saglanan entegre araci ile oyunun bellek haritasindan filtrelenerek
bulunan ¢esitli degiskenler, bir baglangi¢ durumu ve bitis durumu belirlemek gereklidir. Gym-retro iginde bir¢ok
oyun On tamimli olarak entegre edilmis bicimde gelmektedir, diger oyunlar da entegrasyon araci kullanilarak
entegre edilebilir. Bunun yan1 sira entegrasyon araci ile oyunun bitis durumunu belirleyen degiskenler disinda
cesitli degiskenler de (doviig¢iiniin konumu, rakibin konumu, kalan saglik miktarlar1 gibi) oyuna dahil edilebilir
ve oyunun her adiminda bilgi olarak alinabilir.

2.3. Genetik programlama

Genetik programlama, fonksiyon kestirimi ve siniflandirma gibi makine 6grenmesi problemlerine ¢éziim
iiretebilen bir evrimsel hesaplama yontemidir[13]. Genetik programlamada popiilasyonu olusturan bireyler agag
yapisindaki programlardir. Klasik genetik programlamada diigiim tiirlerinin birbirleri ile uyumlu olmasi gerekir,
bir baska deyisle her diigiimiin tiiriiniin ayn1 olmasi gereklidir ki bir diigiimiin iirettigi deger bir baska diigiime
girdi olarak verilebilsin. Giiglii tiirlii genetik programlamada ise diigimler farkl tiirlerde olabilmektedir. Bir
bilgisayar programinda farkli veri tiirlerine (boole, tam say1 vb.) ihtiyag duymaktadir ve giiglii tiirlii genetik
programlama kullanmak programlardaki g¢esitliligi artiracaktir. Sekil 2’de SF2 oyununda eylem iiretebilen giiclii
tiirlii bir agag¢ 6rnegi verilmistir.

Genetik programlamada bireyleri olusturan agaglarin diigiimleri; ebeveyn olan fonksiyon ve yapraklarda yer
alan terminal diigimler olmak iizere iki tiir bilesen icerir. Terminal diiglimler boole tiirler ve tam sayilar gibi
degerlerden olusur. Caligmada, terminal olarak gecici rastgele degerler ve oyunun bir anindaki degiskenler (saglik,
stire gibi) kullanilmistir. Kullanilan fonksiyonlar, parametre tiirleri ve geri doniis degerleri Tablo 1’de verilmistir.
Ornegin if then_else fonksiyonu girdi olarak bir boole deger, iki tane eylem alir ve kosula bagl olarak geriye
eylemlerden bir tanesini dondiiriir.
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Algoritma 1 Egitim i¢in kullamlan genetik programlama algo-
ritmasi

1: P « Popiilasyonu rastgele olarak baslat

2: f; — (1(’g(“r/mn1ir(13) > Uygunluk hesapla . . . .
3: for g+ 1to N do > N nesil boyunca calisacak Tablo 1. Genetik programlama fonksiyon tiirleri
4: g0 > Yavrular, baglangigta bos kiime Fonksiyonlar Aciklama Parametreler Doniis
5: for i + 1 to A do > A tane yavru tretilecek degeri
6: r < [0,1] arasinda rastgele bir say1 main Kok int, int, int, int, int, Action
7 if r < p,, then > Mutasyon olasiligi fonksiyonu int, Action
8: b+ Pden rastgele 1 tane érnekle Action Eylem tiirii int : ACt?OH
9: b « mutasyon(b) if_then_else Kosul bool, Actlon, Action
10: else if r < p,,, + p. then > Caprazlama olasilig: {““_0“
11: b, by P’den rastgele 2 tane ornekle It, eq Karsllasﬁlr.r.na Int, int bool
12: b, <+ caprazla(b,bs) opgratom P p

- - add, sub, Aritmetik int, int int
13: else - . mul, mod operatorler
14: b < P’den rastgele 1 tane 6rnekle and, or Mantiksal op. bool, bool bool
15: Yy yuUb not Mantiksal bool bool
16: f; « degerlendir(y) > Uygunluk hesapla degil op.

17: P« 3(0(13 Uy, f_;, U f_,;) > Se¢me algoritmasi NSGA-II

Sekil 3. Kullanilan genetik programlama algoritmasi

Genetik programlamada agaglar olusturulurken tiim yapraklarin ayni seviyede oldugu dolu ydntemi veya
agaclarin dengede olmadig1 biiyiime yontemi kullanilabilir. Dolu yonteminde diigiimler, agacin en alt seviyesine
ulasana kadar fonksiyon kiimesinden, en alt seviyede ise terminal kiimesinden rastgele olarak segilir. Biiyliime
yonteminde ise diiglimler, tim seviyelerde fonksiyon veya terminal kiimesinden rastgele olarak segilir. Artimli
yart yariya yontemi, popilasyon olusturulurken agaglarin yarisinin dolu, diger yarisinin da biiylime yontemi ile
secilmesidir [14].

Popiilasyondaki bireylerin ¢oziim uzayini kesfetmesini ve iyi ¢oziimleri somiirmesini saglayan mutasyon ve
caprazlama cesitlilik operatorleri bulunmaktadir. Caprazlama islemi iki agactan rastgele olarak segilen iki
diigiimiin alt agaclariyla birlikte yer degistirmesi, mutasyon ise bir agagta rastgele secilen bir diigiimiin yeni bir
alt agagla degistirilmesi seklinde olur.

Se¢me islemi popiilasyonun sonraki neslini belirlemek icin kullanilir. Yapilan egitimler 10 farkli baslangic
durumunu 6grenebilecek sekilde tasarlanmistir, bu da uygunluk degerinin skaler bir deger degil de vektorel bir
deger olmasina yol agar. Bu tiirdeki egitim ¢ok amagli optimizasyon olarak geger ve buna uygun olan segcme
algoritmasi NSGA-II kullanilmistir [15]. Kullanilan evrimsel hesaplama algoritmasi Sekil 3’de verilmistir.

2.3. Oyunun modellenmesi

Gym-retro platformu oyunun herhangi bir aninda ekran goriintiisiinii anlik durum olarak kullaniciya saglar.
Bunun yami sira oyunun bittigini algilamak i¢in kullanilan degiskenler de bilgi olarak sunulur. 256x200x3
boyutundaki resim girdisini islemek zor oldugu i¢in entegrasyon araci yardimiyla standart degiskenlerin yaninda
baska degiskenler de bellek uzayindan elde edilmistir'. SF2 oyununda tiim tus kombinasyonlar diisiiniildiigiinde
ayrik olarak 126 farkli eylem olabilmektedir ve bir agacin iirettigi deger bu eylemleri gosteren bir tam sayidir. Bir
agacin uygunluk degeri hesaplanirken, oyunun her ani1 igin agaca bir girdi verilir ve bir eylem elde edilir. Bu
eylem gym-retro platformundaki oyuna gonderilip bir sonraki durum ve 6diil (SF2 i¢in skor) elde edilir. Oyun
bitene kadar toplanan toplam 6diil degeri (toplam skor) agacin uygunlugunu verir.

3. Bulgular

Genetik programlama egitim islemi Intel Xeon E5-2620 islemciye sahip bir bilgisayar iizerinde Python DEAP
kiitiiphanesi kullanilarak paralel sekilde gerceklestirilmistir[16]. Gym-retro platformu deterministik oldugundan
rastgele baslangi¢ igin bir tohum degeri verilememektedir. Oyunun baglangi¢c durumunda eylemler hep aym
sirayla verilirse aym tepkiler elde edilecektir. Rastgele tohum degerleri vermek yerine farkli durumlan ele
alabilmesi i¢in 10 farkli baglangi¢c durumu olusturulmustur. Bu durumlarda baslangi¢ rakipleri degismektedir.
Egitim parametreleri Tablo 2’de verilmistir. Bu parametrelerle baslangi¢ popiilasyonunu ¢6ziim uzaymin farkl
konumlarinda olusturmak icin 4 farkli ¢alistirma gergeklestirilmistir. En iyi skorun elde edildigi 3. ¢alistirmanin
egitim grafigi Sekil 4’de verilmistir. Bu ¢alistirmadaki en iyi birey 12 rakibin tamamini eleyip oyunu bitirmis ve

! Kullanilan degiskenler: saglik, diisman saghgi, doviisgiiler aras yatay ve dikey uzaklik, kalan siire, gergeve ve son eylem
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530000 skor elde etmistir. 4 farkli ¢alistirma igin elde edilen egitim sonuglar1 Tablo 3’de verilmistir. Buna gore
en iyi sonuglar 2. ¢alistirmada elde edilmistir.
-10°

_ Tablo 2. Genetik programlama parametreleri
b5
Parametre Deger
4 Popiilasyon boyutu 300
Caprazlama olasiligi(p.) 0.5
- Mutasyon olasilig1(pm) 0.1
2 3 Popiilasyon baslatma Artimli yar1 yariya
« Se¢me algoritmasi NSGA-II
9 Segme siireci pn+2
Maksimum derinlik 17
1 Tablo 3. Egitim sonuglart, u, () durumlardaki en iyi
bireylerin skorlarimin ortalamas ve standart sapmasi, [, :
0 20 40 60 80 100 ortalamasi en iyi bireyin ortalama skoru
Adim
Caligtirma Nesil Siire(saat) (o) [T
—— Ortalamasi en iyi birey —— Durum 1 Durum 2 1 50 2941 332070(£44744) 168920
— Durum 3 —— Durum 4 — Durum 5 2 100 82.61 453240(+33773) 227800
S Durum 6 — Durum 7 - - - Durum 8 3 100 49.26 339530(+79059) 149370
. Durum 9 - -~ Durum 10 4 100 39.48 358050(+358050) 169880

Sekil 4. 10 farkl: baslangic durumu igin egitim grafigi

4. Sonuclar ve Tartisma

Bu caligmada genetik programlama kullanarak SF2 oyunu i¢in yapay oyuncular gelistirilmistir. Oyuncular
kendilerine saglanan kisith bilgilere ragmen oyunu basar1 ile bitirebilmistir. SF2 oyunundaki basariy
karsilagtiracak bir bagka galigma bulunmamaktadir ama SF2 oyununda elde edilebilecek en yiiksek skor 1.55
milyondur. Bu skorun yaklagik ii¢te birini alarak oyunu bitirebilen bir oyuncu basarili sayilabilir. Olusturulan yap1
sadece SF2 oyununa 6zgii degildir, pekistirmeli 6grenme ortami ve degiskenleri saglayan her oyuna uygulanabilir.

Egitim siireleri caligmada kullanilacak parametrelerde bir kisit olusturmaktadir. Yontemin makul siirelerde
sonu¢ iretmesini saglamak amaciyla popiilasyon boyutu ve egitim adim sayisi kisitlanmistir. Adim sayisini
artirmak egitim sonuglarini iyilestirebilir. Genetik programlamada mutasyon genellikle dnerilmemektedir ya da
olasiliginin diisiik olmasi beklenir[13], bu nedenle mutasyon olasilig1 diisiik tutulmustur. Belirsiz oyunlarda olasi
sonuclarin tahmini i¢in baska bir alternatif olarak Monte Carlo simiilasyonu kullanilabilir.
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Abstract

Today, wireless internet access provides serious convenience. Wi-Fi is a new generation wireless
networking technology. This technology provides high-speed, broadband access over a larger area. Wi-Fi
technology, which is currently uses to offer wireless internet access, works at a range of 30 m to 100 m and
is bases on the IEEE 802.11 standard. The aim behind machine learning is create general algorithms that can
tell important things about a dataset without requiring to write code. Machine learning aim to make
predictions bases on known properties from learnt data. In this paper 0.33 of all datasets is taken for make
predictions. There are 448 iterations of 3 parameter. With using them machine learning test and train data.
The FR-4 substrate with a dielectric coefficient of 4.3 is utilized in this antenna design. Copper have been
utilizing as the material for the ground and patch components. 5.2 GHz working frequency, the return loss is
31.24 dB, bandwidth range is 4.88-5.38, gain is 0.798 dBi. In order to find the best values required for this
antenna, machine learning and artificial intelligence method has been applied.

Keywords: Antenna Design; WLANSs; Wireless; Machine Learning; Microstrip
1. Introduction

With the development of modern communication systems for the Wireless Local Area Network
(WLAN), the microwave components have been dedicated to this technological field have been introduced as
improve alternative designs to the conventional microwave components [1-4]. Wi-Fi has been designed to offer
wireless high-speed internet [5]. It’s been aimed to provide wireless connection within a short distance, in small
public areas such as home, office, and cafeteria. Attempts have been made to expand the area and even make it
usable across a city. However, to achieve this, hundreds of radio stations are needed for even a few kilometers
of coverage. This results in an incredible increase in the cost of the paper [6].

Machine learning, which allows digital assistants like Siri to infiltrate lives, is a semi of computer
science that is born out of numerical learning and pattern recognition research in artificial intelligence in 1959
[7]. Machine learning is a system that looks at the research and development of algorithms that can learn as a
structural function and make data predictions [8]. Rather than rigidly obeying static program instructions, such
algorithms build a model to generate data-based predictions and judgments from sample inputs [9]. There are
five primary branches of machine learning research. Supervised learning, unsupervised learning, semi-
supervised learning, reinforcement learning, and intensive learning are the different types of learning. The
machine learning algorithm's learning mechanism is broken down into three pieces. The choice process, the
error function, and the optimization process are the three of them. Zhang et al have been worked on 2.4 and 5.2
and 60 GHz frequency values [10]. By the way its gains are 1.9 dBi for 2.4 GHz 2.4 dBi for 5.2 GHz frequency
and 16 dBi for 60 GHz. Wang et al have been worked on 2.4 and 5.2 and 5.8 GHz and 60 GHz frequency values
[11]. By the way its gains are 0 dBi for 2.4 GHz 2.5 dBi for 5.2 GHz frequency and 2.5 dBi for 5.8 GHz and 6
dBi for 60 GHz frequency. Sun et al have been worked on 2.4 and 5.2 and 5.8 GHz frequency values [12]. By
the way its gains are 1.66 dBi for 2.4 GHz 4.75 dBi for 5.2 GHz frequency and 5.1 dBi for 5.8 GHz. Deng et al
have been worked on 2.4 and 3 and 3.5 GHz frequency values [13]. By the way its gains are 1 dBi for 2.4 GHz
2 dBi for 3 GHz frequency and 2.5 dBi for 3.5 GHz. Ding et al have been worked on 2.4 and 5.2 and 60 GHz
frequency values [14]. By the way its gains are 3.97 dBi for 2.4 GHz 4.07 dBi for 5.2 GHz frequency and 12.29
dBi for 60 GHz.

The paper has been structured as follows. In section 2, a discussion will be made about the design of the
designed antenna, its dimensions, feeding methods, and the preferers application for simulation. In section 3,
simulation results of the design antenna are presents. In section 4, the general summary of the study has been
explained.
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2. Material and Method

2.1 Design of Antenna
Figure 1 depicts the general design of the Wi-Fi antenna. The size of the antenna parameters are shown
in the Figure 1.

Figure 1: Proposed Antenna Design

When building a micro-strip antenna, there are three key components to consider. Patch — Substrate —
Ground The ground layer, also known as the conducting layer, is create initially when creating an antenna.
Copper is uses as the antenna's ground material, and it has a thickness of 0.035mm. This layer must be
electrically conductive. The substrate layer is the second layer. For this layer, the material FR4 uses. It has a
dielectric coefficient of 4.3 and is 1.6 mm thick. In most antenna designs, FR4 material is employee. The patch
layer is the other layer. The patch layer is the one that the antenna radiates from. This component must be
conductive. Copper have been chosen because it has been regarded acceptable. It has a thickness of 0.035 mm.

3. Findings

In the Table 1 it has been observed that regression types and their mean square errors and R? values.
Table 2 shows that machine learning results from using python. It can see that random forest regression has
been determined the best value. P1 is the variation in the vertical length of the slot located at the rear. P2 is the
change of feed line length. P3 is the vertical change of the slot on the upper part of the front. For the values of
P1is 0 P2 is 1 and P3 is 1 value are the best values which give the most correct antenna return loss value. By
the way it can be predict values outside of the database. Machine learning algorithm takes values from the
database and make prediction with using them. 0.33 of database is uses for training the set.

Polynomial linear regression, random forest regression, SVR and KNN, which are regression types in
machine learning, are discussed.

Table 1: Regressions and MSE-R? Values

Mean Square Error R2
POLYNOMIAL LINEAR REGRESSION 42.48 0.47
RANDOM FOREST REGRESSION 0.0025 0.999
SVR 48.85 0.40
KNN 18.48 0.77
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Table 2: Machine Learning the Best Results

P1 0

P2 1

P3 1
POLYNOMIAL LINEAR REGRESSION -29.48
RANDOM FOREST REGRESSION -31.12
SVR -3.43
KNN -21.64

Machine learning algorithms are like brains for computers, allowing them to learn and become smarter. More
data implies more algorithms have been activated, causing the computer to learn and improve its output. If the
prediction does not turn out as predicts, the algorithm has been retrained until the intends result has been
obtained. This enable the machine learning algorithm to train on its own and deliver the best possible response,
which will improve in accuracy over time. Figure 2a shows the S parameter value of the antenna. 31.24 dB
return loss have been determined in the range of 4.89-5.38. Figure 2b shows that radiation pattern of proposed
antenna with 0.798 dBi gain value. Table 3 shows some selects machine learning assists antenna designs in the
literature has been based on antenna type, algorithm, has been compared type and result section.

SParameters [Magntude n

farfield (f=5.2) 1]

Farfield

oy

Frequency | Giz

(a) (b)

Figure 2: S Parameter and radiation pattern of proposed antenna

Table 3: Literature Review for machine learning assisted antenna designs

REF NO ANTENNA TYPE ALGORITHM COMPARED RESULT
15 Reflectarrays SVM MoM&ANN Design process is sped up while keeping
high accuracy levels.
16 Rectangular Microstrip Antenna SVM ANN With a quicker convergence rate, the
calculation efficiency improves.
17 E-Shaped Antenna Linear Regression Conventional The best outcomes discovered
Simulations without the use of any simulations.
18 Microstrip Antenna Gaussian Process ML Differential The speed of the design and
Evolution optimization procedure by more than
four times compared with differential
evolution
4. Results

As a consequence, in terms of both aesthetics and efficiency, this 5.2 GHz antenna is one step ahead of
its competitors on the market. Because of its efficient functioning in the range of 4.89-5.38 and inexpensive
cost, it is more suiter than its competitors. By the way, the return loss is 31.24 dB and gain value is 0.798 dBi.
Because this product is already expensive, an antenna that is less expensive in terms of pricing is built with a
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smaller surface area rather than a higher gain in this sort of antenna. The s parameter graph of the antenna
obtains by trying 448 iterations of 3 parameters. Then it inserts into machine learning and the best value,
Random Forest Regression, have been observed.
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