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WELCOME TO CAIAC’22

International  Cumhuriyet  Artificial Intelligence  Applications
Conference’22 (CAIAC’22) will provide an excellent international
forum for sharing knowledge and results in theory, methodology and
applications of Artificial Intelligence. The Conference looks for
significant contributions to all major fields of the Artificial
Intelligence, Soft Computing in theoretical and practical aspects. The
aim of the Conference is to provide a platform to the researchers and
practitioners from both academia as well as industry to meet and share

cutting-edge development in the field.

Authors are solicited to contribute to the Conference by submitting
articles that illustrate research results, projects, surveying works and
industrial experiences that describe significant advances in the listed

areas but are not limited to.

CAIAC is organized by Sivas Cumhuriyet University Artificial

Intelligence and Data Science Applications and Research Center.
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Tirkce Faturalarin Dijitallestirilmesi Siirecinde
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Abstract— The spread of technological opportunities in
recent years has enabled institutions and companies to digitize
their processes. The electronic processing of invoices is one of
these digitization processes. However, since some of the invoices
could be in printed form, the invoice information must be
transferred to the electronic environment in some way. This
study includes some research on the text recognition sub-
process, which is part of our end-to-end invoice digitization
project. In order to transfer the text contained in invoices to the
electronic environment as successfully as possible, 4 different
optical character recognition libraries commonly used in the
literature were comparatively applied to invoice images and it
was shown how successfully the parts containing key
information were predicted. In addition, an approach using
XML and data augmentation techniques is proposed to generate
synthetic invoices. As a result of the analysis, Tesseract OCR
and Paddle OCR were determined to be the most successful
libraries for digitizing alphabetic and numeric information,
respectively. Furthermore, the analysis was performed on both
the CPU and GPU to provide comparative runtimes of the
algorithms. It is hoped that the results obtained will be useful to
researchers working on digitizing documents such as invoices,
etc.

Keywords—optical character recognition, invoice processing,
data augmentation

Ozet— Son yillardaki teknolojik imkanlarmm yayilmasi
kurum ve firmalarin da siireglerinin dijitallestirebilmesine
imkan tammmaktadir. Fatura siireclerinin elektronik ortamda
yiiriitiilebilmesi de bu dijitallestirme siire¢lerindendir. Ancak
faturalarmn bir kisminin matbu formda olmasi nedeniyle fatura
bilgilerin bir sekilde elektronik ortama aktarilmasi ihtiyaci
dogurmustur. Calismamiz bu ihtiyaci ¢c6zmeye yonelik olarak
gelistirdigimiz projenin metin dijitallestirme siireciyle ilgili
kismina ait bazi1 analizleri icermektedir. Faturalarin icerdigi
metinlerin en basarih sekilde elektronik ortama aktarilabilmesi
icin sektorde sik kullamilan 4 farkh optik karakter tanimlama
kiitiiphanesi karsilagtirilmah sekilde fatura resimleri iizerine
uygulanarak, énemli bilgi iceren alanlarin ne derece basaril
tahmin edildigi ortaya koyulmustur. Bununla beraber sentetik
fatura iiretilebilmesi icin de XML ve veri cogaltma tekniZi
kullanilarak bir yaklasim Onerilmistir. Yapilan analizler
sonucunda alfabetik bilgilerin dijitallestirilmesinde en basarili
kiitiiphanenin Tesseract OCR, sayillarin dijitallestirilmesinde
ise Paddle OCR oldugu ortaya cikartilmstir. Ayrica hem

islemci hem de grafik hizlandiricl iizerinde yapilan analizlerle
sonucunda caliyma siireleri de Kkarsilastirilmali olarak
paylasilmistir. Elde edilen sonuglarin fatura vb. gibi dokiiman
dijitallestirme siireclerinde cahsacak arastirmacilara faydal
olmasi umulmaktadir.

Anahtar kelimeler—optik karakter tantimlama, fatura okuma,
veri ¢cogaltma

. Giris
Teknolojik gelismeler hem kamu hem de 6zel sektorde
dijitallestirme siireglerini hizlandirmaktadir [1]. ihtiyaglarin
¢Ozlimi, islerin hizlandirilmas1 ve maliyetlerin diisiirilmesi
acisindan Onerilen teknolojik ¢6ziim ve dijitallestirme
stirecleri ortaya c¢ikan insan hatasini da en aza indirmektedir.
Ozellikle yapay zeka temelli sistemlerin yayginlasarak var
olan kurum uygulamalarina hizlica entegre edilebilmesi
kurum personellerinin bir¢ok ihtiyacini kolaylagtirmaktadir.
Bu ihtiyaglardan birisi de elektronik olmayan faturalarin

kurum sistemlerine girilmesidir [2].

Faturalar genellikle benzer mali ve 6deme bilgilerini
iceren ancak farkli goérsel yapilarda sahip olabilecek
dokiimanlar olarak ifade edilebilir. Son kullanicilar agisindan
bu belgeler ¢ok fazla anlam ifade etmese de kurumlar adina
kesilen faturalar finansal tutarlilik ve muhasebe siiregleri
acisindan 6nemlidir. Ancak her bir faturanmn tek tek sisteme
girilmesi de personel ve siire agisindan maliyet
dogurmaktadir. Bu ihtiyacin giderilmesi i¢in fatura formatina
uygun tarayict makineler ile bilgi ¢ikarimi yapilsa da formatta
olabilecek ufak bir degisiklik bile sistemde arizaya neden
olabilmektedir.

Diger bir ¢6ziim ise faturanin gesitli yapay zeka temelli
yontemler ile okunarak dijitallestirilmesidir. Boylelikle
herhangi bir insan miidahalesine gerek kalmadan fatura
icerisinde yer alan metinler bilgisayar ortamma aktarilabilir.
Bu siirecin ilk adimi ise faturalarin optik karakter tanimlama
yontemleriyle icerdigi metnin dijital ortama aktarilmasidir. Bu
asamada optik karakter tanimlama kiitiiphaneleri devreye
girmektedir.

Literatiir incelendigi zaman optik karakter tanimlama
yontemleri ¢ok farkli alanlara uygulanarak siireglerin
dijitallestirilmesine yardimec1 olmustur. Zhang vd., rayh



sistemlerde yer alan hat degistirme operasyonlarinin otomatik
olarak yapilabilmesi i¢gin OCR temelli bir sistem
onermislerdir. Belirli bir yapiya sahip dokiimandan sisteme
elle eklenen bilgiler i¢in dnce optik karakter tanimlama, daha
sonra konum belirleme yapilarak dijjitallestirme islemi
gerceklestirilmistir. Ayrica calisma icerisinde EasyOCR ve
Paddle OCR Kkiitiiphaneleri karsilastirilarak, Paddle OCR'in
%83 tahmin performansiyla daha basarili oldugu belirtilmistir

(3]

Lertsawatwicha vd. ise depoda yer alan iirtinleri stok
miktarlarinin - belirlenmesinde optik karakter tanimlama
temelli bir sistem Onermiglerdir. Sistem iiretilen iiriinlerin
lizerine yapistirilan parti numaralarini Tesseract OCR ile
okumakta ve iiriin stogunu hesaplamaktadir. Yapilan testler
sonucunda Tesseract OCR’in %91.82 oraninda basariyla stok
numaralarimi dogru tahmin edildigi belirtilmistir [4]. Diger bir
calismada resim igerisinde yer alan yazinin farkli dillere
gevrilmesi i¢in Tesseract OCR temelli bir web arayiizii
Onerilmigtir. Resmi ¢ekilen resim once Tesseract OCR ile
okunmug daha sonra Google servisleri kullanilarak farkli
dillere gevrilmistir [5].

Seokwoen vd., medikal dokiimanda yer alan tablo seklinde
verileri optik karakter tanimlama ile okuyarak web
arayiliziinde kullanicilara sunmuslardir. Gelistirilen sistem
hastalar hakkinda not alinmasimi kolaylastirmasi yani sira
takip islemlerini de hizlandirmigtir [6].

Bu calismamiz ise farkli optik karakter tanimlama
kiitiiphanelerinin 6zellikle Tiirkge faturalar iizerinde ne derece
dogru tahmin basarisi elde ettigini karsilagtirmali olarak
sunmaktadir. Kullanilan kiitiiphanelerin fatura igerisindeki 6
farkli alanda ne kadar basarili tahmin yaptig1 ayri ayri
hesaplanarak raporlanmistir. Kiitiiphaneler sadece gercek
veriler tizerinde degil, herhangi bir giiriiltii igermeyen temiz
ve sentetik giiriiltii eklenmis fatura resimleri tizerine de
uygulanarak farkli durumlarda basarimin ne kadar degistigi
ortaya gikartilmigtir. Bunun yani sira kiitiiphanelerin hem
islemci hem de grafik hizlandiric iizerindeki ¢aligma siireleri
de karsilagtirilarak  her agidan optimum  algoritma
belirlenmeye ¢aligiimustir.

Il. OpPTiK KARAKTER TANIMLAMA KUTUPHANELERI

A. Tesseract OCR

Ik olarak 1984-1994 arasinda HP tarafindan gelistirilen
ve 2005 yilinda agik kaynak kodlu olarak yaymlanmistir.
Daha sonra Google tarafindan desteklenen kiitiiphane
100’den fazla farkli dil ve bir¢ok yazi tipini desteklemektedir.
Icerisinde yerlesim analizi ve baglantili bilesen analizi gibi
modiiller igeren kiitiiphane, yalnizca yatay degil dikey olarak
hizalanmig  resimlerde  yer alan  metinleri de
¢ikartabilmektedir. 4.nesin siirlimiiyle beraber dogrulugu
arttirmak i¢in uzun-kisa siireli bellek (Long-short Term
Memory, LSTM) temelli mimariye gecilmis ve uzun
metinlerin tahmin basaris1 olduk¢a arttirilmistir. Bunlarin
yani stra eldeki verilerle egitim ve yeni karakter ekleme gibi
ozellikler de kullanicilara sunulmaktadir[7].

B. EasyOCR

Easy OCR resim igerisinde metin bulan ve bulunan metni
dijitallestiren diger bir uctan uca optik karakter tanimlama
kiitiiphanesidir [8]. Mimari olarak metin tanimlama da derin
ogrenme tabanli CRAFT [9] yapisinin kullanildig: kiitiihane,
CRNN ve LSTM yaklasimmin kullanildigi bir karakter

tanimlama yapisiyla birlikte caligmaktadir. Tesseract OCR
sistemine benzer sekide Tiirk¢e dahil olmak tizere bir¢ok dil
icin hazir egitilmis modellerin saglanmasina ragmen, Tiirkce
modelinin digerlerine gore basariminin diisik oldugu
sOylenebilir.

C. Paddle OCR

Paddle OCR igerisinde metin alan1 algilama, metin
tanimlama, tablo tanimlama, anahtar bilgi ¢ikarimi ve diizen
analizi gibi belge analizinde ihtiya¢ duyulabilecek birgok
modiilii iceren gelismis bir optik karakter tanimlama
kiitiiphanesidir [10]. Kiitiiphane varsayilan olarak 6ncelikle
dokiiman igerisindeki metinleri segmentasyon bazl
algoritmayla belirlemekte ve adaptif olarak segmentler
icerisinde yer alan metinleri CRNN algoritmasiyla
dijitallestirmektedir. Ek olarak EAST, DB gibi dokiiman
icinde metin belirleme ve SRN, ABINet gibi farkli optik
karakter tanimlama algoritmalar1 da parametrik olarak
secilebilmektedir. Kiitliphane ¢oklu dil destegi saglamasina
ragmen, her bir dil igin 0&zel egitilmis modelleri
sunmamaktadir. Ancak buna ragmen Tirkceye 06zel
karakterler hari¢ tahmin basarisi oldukga yiiksektir.

D. DocTR

DocTR, Paddle OCR’a benzer sekilde literatiirde yer alan
farkli derin &grenme tabanli optik karakter tanimlama
algoritmalarinin tek bir paket halinde sunuldugu diger bir
kiitiiphanedir. Dahili metin belirleme kiitiiphanesi sayesinde
oncelikle dokiiman igerisindeki metnin yeri belirlenmekte ve
daha sonra segilen optik karakter tanimlama algoritmasrtyla
metin dijitallestirilmektedir. Hem Tensorflow hem de Torch
motorlariyla ¢alisabilen kiitiiphane farkli diller i¢in egitilmis
6zel modelleri igermemektedir [11].

I1l. VERi SETI

A. Sentetik Veri Olusturma

Resim iizerinde yapay zeka bazli sistemler ile analizlerin
bagarisint  etkileyen Onemli faktorlerden Dbirisi  veri
cesitliligidir. Veri cesitliligi arttikga tahmin modellerinin
canli veri analizlerinde nasil tepki verecegi ya da bagka bir
deyisle ne kadar dayanikli algoritma (robust) oldugu daha iyi
Olciilebilmektedir. Calismamiz igerisinde de bir¢ok farkli
elde edilmis (resim, tarama ve dijital) gercek fatura 6rnegine
yer verilmistir. Ancak optik karakter tanimlama
algoritmalarinin her duruma karsi nasil sonug verdiginin daha
iyi anlagilabilmesi igin gergek verilerin yani sira sentetik
faturalar da tiretilmistir.

Sentetik faturalar ger¢ege benzer fakat rastgele iiretilen
degerlerle olusturulan veriler olarak tanimlanabilir. Ornegin
fatura numarasi G ile baglayan ve devaminda 16 hane say1
iceren bir alandir. Dolayisiyla bu alani rastgele sayilar
kullanarak iiretmek kolaydir. Uretim icin &ncelikle hangi
alanlarin degistirilecegi belirlenmistir. Calismamiz igerisinde
farkli optik karakter tanimlama algoritmalarinin bagarilar
sirastyla fatura sahibi, vergi kimlik numarasi, fatura
numarasi, belgeye ait essiz numara (ETTN), toplam tutar ve
tarih olmak tizere 6 farkli alanin ne derecede dogru tahmin
edildigiyle Olciilmiistir. Bu sebeple sentetik veri iiretme
esnasinda bu alanlar internetten indirilen agik veriler
kullanilarak rastgele doldurulmustur.



Metin halinde olusturulan sentetik verilerin fatura
goriinimiine dondstiiriilebilmesi i¢in ise XML temelli bir
yaklagim Onerilmigtir. Python LXML [12] kiitiiphanesi
kullanilarak metin veriler daha 6nceden belirlenmis bir XML
formatindaki fatura sablonu icerisine doldurulmustur. Daha
sonra XML veri sirastyla 6nce HTML ve daha sonra da resim
formatina doniistiiriilmiistiir. Bu sekilde istenildigi kadar
sentetik fatura elde edilebilmektedir. Fakat sentetik olarak
elde edilen resimler herhangi bir giiriiltii (tuz-biber giiriiltiisi,
yamukluk, parlaklik vs.) igermedigi icin optik karakter
tanimlama algoritmalarinin yiiksek basart vermesi normal
olacaktir.

TABLE I. IMGAUG KUTUPHANESI ILE EKLENEN GURULTULER VE
EKLEME IHTIMALLERI

Giiriiltii Tiirii ihtimal | Giiriiltii Tiirleri

Bulaniklagtirma %60 Gauss, Sikistirma, Ortalama

Piksel Bozma %30 Tuz-Biber, Diirtii

Contrast %30 Gamma, Karigtirma, Parlaklik

Degistirme

Kirpa %15 Resmin Rastgele kirpilmast

Déniistiirme %40 Ilgin  doniisiim, Genisletme,
Olgeklendirme

Yamultma %13 Perspektif degisimi

Dondiirme %20 Eksen etrafinda dondiirme

Algoritmalarin giirtiltiilii faturalar izerindeki bagarimimin
incelenmesi i¢in ise veri c¢ogaltma tekniklerinden
yararlanilmistir. Python ImgAug [13] resimler {izerine ¢ok
cesitli giriiltii ekleyerek veri ¢ogaltmaya imkan tanryan
kiitiiphanelerdendir. Calismamizda  sentetik  olarak
olusturulan faturalara bu kiitiphane kullanilarak giiriilti
eklenmis ve giiriiltiilii halleri kayit altina alinmigtir. Eklenen
giiriiltiilere ait bilgileri tablo 1’te paylasilmistir.

G

| | |

Fig. 1. Sentetik olarak olusturulmus Glriltiisiiz / Glriltili Fatura
Ornekleri

Sentetik veri iretme islemiyle beraber 150 tanesi
gliriltiilii, 150 tanesi ise giiriiltiisiiz olmak tizere 300 adet
fatura {iretilerek isaretlenmistir. Uretilen faturalara ait
ornekler figir 1°de gosterildigi gibidir. Goraldigi gibi
imgAug ile veri iizerine giiriiltii eklenmesi, faturaya gergek
bir fotograftan ¢ekilmis gibi tesir etmistir.

B. Gergek Fatura Verileri

Calismamizda sentetik verilerin disinda Detaysoft
firmasinin miisterilerinden toplanan faturalarda
kullanilmistir. Bu faturalar genellikle taranmis resimlerden
olugsa da bazilan telefonla ¢ekilmis resim formatindadir.

Ayrica gercek faturalar igerisinde kase, imza veya bos
kisimlara yazilmis ufak tefek notlarda bulunmaktadir. Farkli
firmalardan toplam 131 fatura toplanarak analizler i¢in hazir
hale getirilmistir. Her bir fatura Labellmg [14] uygulamasi
kullanilarak elle tek tek isaretlenmistir ve etiket bilgileri
saklanmustir.

IV. UYGULAMA

Caligmamiz temel olarak ugtan uca fatura dijitallestirme
iceren projemizin optik karakter tanimlama siiregleriyle ilgili
bir kismmi igerir. Hangi optik karakter tanimlama
kiitiiphanesinin 6zellikle Tiirkge faturalar iizerinde daha iyi
sonug verdigini belirlemek, sistemin genel basarisi agisindan
da 6nemli olacaktir. Bu sebeple hem ger¢ek hem de sentetik
olarak {retilen faturalar itizerinde farkli optik karakter
tanimlama kiitiiphanelerinin ne kadar basarili oldugunun
karsilagtirilmali olarak ortaya ¢ikarilmistir. Test silireclerinde
4 farkli algoritmadan yararlanilmistir. Bunlar Paddle OCR,
Easy OCR, DocTR ve Tesseract OCR Kkiitiiphaneleridir.
Bunlarin disinda her ne kadar AWS Cloud OCR [15] ve
Google Cloud OCR [16] gibi ¢oziimler bulunsa da bu tiriinler
hem iicretli hem de KVKK kurallarina aykirt olmasi
nedeniyle ¢aligmamizda yer almamaktadir.

Gergek Sentetik
Faturalar Faturalar
</>
imgAug
v v l
J./J. IEasy__', E:a 3
P: OCR Tesseract

\ '

Performans
Olciimii

Fig. 2. Sistem Genel Mimarisi

Figlir 2 calismamiza ait genel is akis mimarisini
gostermektedir. Misterilerden toplanan ve bolim 3a’da
anlatildigr gibi XML bir yap1 kullanilarak olusturulan
sentetik veriler 4 farkli optik karakter tanimlama
kiitiiphanesiyle dijitallestirilmistir. Daha sonra
dijitallestirilen metinler igerisinde faturalar i¢in dnem arz
eden 6 farkli alanin dogru olup olmadigi kontrol edilmistir.
Bu alanlar sirasiyla fatura sahibi, vergi kimlik numarasi,
fatura numarasi, belgeye ait essiz numara (ETTN), toplam
tutar ve fatura tarihidir. Fatura sahibi ve ETTN numarasi
alfabetik karakterler igerirken diger alanlar sadece sayilardan
olusmaktadir. Eger ilgili alan dijitallestirilen fatura metni
icerisinde geciyorsa kiitiiphanenin ilgili alan1 dogru tahmin
ettigi kabul edilmistir.

Ancak ilgili kiitiphanelerden tam anlamiyla Tiirkge
karakter destegi sadece Tesseract OCR kiitliphanesinde
bulunmaktadir. Diger kiitiiphaneler ise “latin-1" dil ailesine
destek vermesin ragmen bazi Tiirk¢eye Ozgii karakterleri



(“G” gibi) tanimlayamamaktadir. Buna ragmen tiim
algoritmalarin teknik temeli derin 6grenme modellerine bagl
oldugu i¢in, Tirk¢e karakterleri bulamasalar bile bu
karakterleri en benzer karakter olarak tahmin etmektedirler.
Ornegin “G” karakteri “G”, “I” karakteri “I” olarak
dijitallestirilmektedir.

Bu nedenle algoritmalarin  esit bir  sekilde
karsilagtirilabilmesi igin Tiirkce karakterlerin Ingilizceye
cevrildigi (6rnegin  “G” = “G”) verilerin basarilar
raporlanarak tablolarda verilmistir.

Diger taraftan kiitiiphanelerin kullanigligin1 gésteren bir
diger onemli hususta ¢aligma siireleridir. Algoritmanin ¢ok
yiiksek basar1 vermesinin yani sira hizli bir sekilde calisip
sonu¢ Uretmesi hem maliyet hem de zaman kazanim
acisindan elzemdir. Her algoritmanin ortalama olarak bir
faturay1 kac saniyede isledigi de kayit altina alnarak
paylasilmistir. Ayrica derin 6grenme modellerinin CUDA
destegiyle ¢ok daha hizli calistigi da bilinmektedir.
Kullandigimiz kiitiiphanelerden Easy OCR ve Paddle
OCR’in CUDA destegi bulundugu i¢in, bu kiitiiphanelerin
testleri ayriyeten grafik hizlandirici ile de denenerek
raporlanmigtir. Uygulama sirasinda yapilan deneylerin
tamami1 16gb RAM, 17-7700k islemci ve GTX 1050 Ti ekran
kartlh donanima sahip, Ubuntu isletim sistemli bilgisayar
tizerinde gergeklestirilmistir.

V. SONUCLAR

Test iglemleri sonucunda her kiitiiphanenin farkli alanlar
icin aldig1 basarim sonuglar1 tablo 2°de gosterildigi gibidir.
“Firma Ady’ alaninin hem Tiirk¢e karakter hem de
Ingilizceye doniistiiriilmiis karakterlerinden elde edilen
sonuglar1 ayr1 ayri paylagilmaktadir. Diger alanlarda Tiirkce

karakter =~ olmadigi  i¢in  herhangi bir  degisiklik
gbzlemlenmemistir.
TABLE Il TEST SONUCLARINA AIT BASARIM DEGERLERI
Firma Adi
Model | Veri ETTN | Fatura | TOPaM | o | v
TR | EN u- utar
Sen. | 0,71]0,73| 0,01 0,00 0,04 0,39 | 0,65
Tesseract

OCR Giir. | 0,27 10,27 | 0,02 0,00 0,02 0,14 | 0,35

Ger. 1053053 | 0,44 0,15 0,33 0,71 | 0,89

Sen. {0,04]0,74| 0,26 0,82 1,00 0,96 | 0,64

DocTR | Giir. | 0,03]0,03] 002 | 050 | 076 | 0,76 | 0,65

Ger. 10,03 0,43 | 0,00 0,90 0,95 0,96 | 0,89

Sen. | 0,05]0,66 | 0,9 1,00 1,00 0,94 | 0,76

Paddle
OCR Giir. | 0,05 |0,27 | 0,67 0,60 0,71 0,77 | 0,70

Ger. 10,02 ]0,34| 0,86 0,85 0,87 0,98 | 0,98

Sen. 10,19 054 | 0,25 1,00 0,56 0,94 | 0,76

Easy
OCR Giir. | 0,05/0,18 | 0,05 0,17 0,19 0,35 | 0,38

Ger. 10,17 10,28 | 0,40 0,62 0,88 0,86 | 0,95

Sonuglara detayli bakildigi1 zaman ilk géze ¢arpan durum
alfabetik karakter iceren alanlarin genellikle ¢ok dusiik
basarimla tahmin edilmesidir. Ornegin Easy OCR
kiitliphanesi, sentetik veriler igerisine Firma adini %19’luk
bir basariyla dogru tahmin edebilmistir. Tiirk¢e karakterler

donistiiriildiigi zaman ise bu basarim %54’¢ yiikselmistir.
Benzer durum hem Paddle OCR hem de DocTR igin sz
konusudur. Ortaya ¢ikan degisimin ana sebebi daha 6nceden
de belirtildigi gibi bu kiitiiphanelerin Tiirkce karakterleri
dogru tahmin edememesidir. Ote yandan Tiirkce karakter
modeli saglayan Tesseract OCR ise “Firma Adi” alaninda
yliksek bagarimlar elde etmistir.

Hem sayr hem de alfabetik karakter igeren “ETTN”
numarasi i¢in Paddle OCR kiitiiphanesinin oldukga yiiksek
bir bagarimi s6z konusudur. Benzer basar1 “Tutar”, “Tarih”,
“VKN” alanlar1 i¢inde gegerlidir. Kiitiiphanelerin varsayilan
modellerinde say1 tahmin basarisinin yiiksek oldugu
sonucuna varilabilir.

Analizler sonucunda elde edilen diger bir bulgu ise
sentetik veri ¢ogaltma algoritmalarinin gercege yakin bir
iretim yapmadigidir. Goriildiigii iizere alanlarin neredeyse
tamaminda gercek faturalar, veri c¢ogaltma teknikleri
kullanilarak bozulan faturalardan ¢ok daha yiiksek
basarilarda tahmin edilebilmistir. Dolayisiyla faturalarda
sentetik  giiriiltiilerin, gercek  giriiltiler  yerine
kullanilamayacagi yorumu yapilabilir.

Tablo 3’de her bir kiitiiphanenin hem islemci hem de
grafik hizlandirict tizerindeki c¢alisma siirelerini saniye
cinsinden gosterilmektedir.

TABLE III. ALGORITMALARA AIT CALISMA SURELERI
Gergek Sentetik S. Giiriiltiilii
MODEL
CUDA | CPU CUDA | CPU CUDA | CPU
Tesseract
OCR 4.47 - 3.78 - 241
DocTR - 18.14 - 22.95 - 24.58
Paddle
OCR 1.77 12.50 2.98 20.50 2.15 19.66
Easy OCR 14.48 59.15 4.96 21.76 5.61 22.51

Islemci {izerinde ¢ahsan Kkiitiiphaneler karsilastirildig
zaman Tesseract OCR’in a¢ik ara ¢ok daha hizli sonug
iirettigi belirgindir. Ote yandan en yavas kiitiiphane ise Easy
OCR Kkiitiiphanesidir. Ancak grafik hizlandiricilar devreye
girdigi zaman Paddle OCR kiitiiphanesinin neredeyse 10 kat
daha hizli calistigi sdylenebilir. Ozellikle canli sistem
uygulamalarinda sistemin zaman asimina diismemesi
acisindan Paddle OCR ve Tesseract OCR kiitiiphanelerinin
kullanilmas1 daha mantikli olacaktir. Elde edilen sonuglarin
fatura vb. gibi dokiiman dijitallestirme siire¢lerinde ¢alisacak
arastirmacilara faydali olmasi umulmaktadir.

Ileriki ¢alismalar hem basarim hem de calisma siiresi
acisindan en iyi model olan Paddle OCR Kkiitiiphanesinin
gercek verilerle egitilerek model basarimlarinin daha da
arttirllmasini ve ugtan uca bir sistem igerisinde servis olarak
nasil ¢aligtirtlabileceginin {izerine olacaktir.

VI. TESEKKUR

Bu c¢alisma, Detaysoft Ar-Ge Merkez biinyesinde
yuriitilen c¢aligmalarin sonucudur. Desteklerinden dolay1
Detaysoft Ar-Ge Merkezine tesekkiir ederiz. Bu ¢alismada
rapor edilen sayisal hesaplamalarin bir kismi TUBITAK
ULAKBIM Yiiksek Basarimli ve Grid Hesaplama Merkezi
(TRUBA)'da gergeklestirilmistir.
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Ozet—Yapay zeka (YZ) sistemleri  giderek
yayginlastikca, YZ’nin sirlari, neler yapabilecegi, etik
karar mekanizmalari, yonetimi ve kontroli toplumda
fazlaca tartisihir bir konu haline gelmistir. Bu ¢alismada
konunun psikolojik, sosyal, felsefi ve yasal taraflarina
odaklanilarak son gelismelerin analizinin yapilmasi
hedeflenmektedir. Bu calismada genel anlamda ¢ ana
bashk iizerinde durulmustur; bireysel etik karar
mekanizmalari, toplumsal etik karar mekanizmalar1 ve
insan ve YZ etkilesimleri. Her bashkta kullamilan yontemler
ve temel teknikler vurgulanarak, etik YZ sistemlerinin
insan temelli toplumlara basarith  bir  sekilde
entegrasyonuna yonelik arastirmalar tartisilacaktir.

Anahtar SozcUkler—yapay zeka, felsefe, etik, karar,
mekanizma

I. GIRIS

YZ teknolojileri birgok alana girerken YZ igin uzun suredir
blyuk bir zorluk olan etik karar verme sorunu, gindelik
yasamin birgok alaminda kamuoyunun dikkatini ¢cekmektedir
[1]. YZ hakkinda asir1 tepki verme egiliminde olan 6nemli bir
kamuoyu blogu olusarak, insan yetenekleriyle eslesen ve guniin
sonunda insan zekasini asan YZ gelistirmeyi amaglayan genel
YZ arastirmalariyla yakinen ilgilenmektedir [2]. Insaniistii
yeteneklere sahip, kendi kendini taniyan bir YZ, bir¢ok kisi
tarafindan varolussal bir risk kaynagi olarak algilanmaktadir
[3]. Bu seviye bir YZ'den hala onlarca yil uzakta olunmasina
ragmen, mevcut otonom sistemler (Or. otonom araglar) igin, YZ
aragtirmacilarinin etik hususlar1 dahil etme konusunda ciddi bir
egilim olugsmaya baglamstir [4].

Etik, bireyin bagkalarina karsi nasil davranmasi gerektigine
dair normatif bir pratik felsefi disiplindir ve ¢ boyutta
incelenmektedir [5]:

A. Sonugsalci Etik

Bir birey, ancak ve ancak her se¢imin sonuglarini tartiyorsa ve
en ahlaki sonuglar1 olan secenegi segerse etiktir. Elde edilen

kararlar genellikle en iyi toplu sonuglari {iretmeyi
amagladigindan faydaci etik olarak da bilinmektedir.

B. Deontolojik Etik

Bir birey, ancak ve ancak belirli durumlarla ilgili

yikiimlilliiklere, gorevlere ve haklara saygi duyuyorsa bu etik

adin1 almaktadir. Deontolojik etige sahip bireyler (Or. gérev
etigi) yerel sosyal normlara gore hareket etmektedir.

C. Erdem Etigi

Bir birey, ancak ve ancak bazi ahlaki degerlere (Or. cesaret,
adalet vb.) gore hareket ediyor ve disiiniiyorsa bu etiktir.
Erdem etigine sahip bireyler, bagkalar1 tarafindan olumlu
algilanmak i¢in igsel bir diirtii sergilemelidirler.

YZ arastirmacilarinin perspektifinden, otonom sistemlerin
insanlarla etkilesime girmesine izin verildigi 6l¢iide makine
etiginin belirleyici bir faktor oldugu anlasilmaktadir [6]. Bu
nedenle, bu sistemlerin insan haklarina saygi duymasini ve
sadece kabul edilebilir etik ilkelere uygun eylemler
gerceklestirmesini  saglamak icin  teknik  yaklasimlara
odaklanan aragtirma ¢aligmalar1 ortaya ¢ikmustir [7]. Bu konu
birgok YZ gelistiricisi i¢in yabanct kalmaktadir ve
derinlemesine bir incelemeye ihtiya¢ duyulmaktadir. Bununla
birlikte, YZ yo6netimi konusundaki mevcut ¢aligmalar
cogunlukla olaylarin psikolojik, sosyal ve yasal yonlerine
odaklanmaktadir [8]. Bu ¢alismada, bu boslugu kapatmak igin
etigi yapay zekaya dahil etme tekniklerindeki son gelismeler
arastirilmaktadir.

1. BIREYSEL ETIK KARAR MEKANIZMALARI

YZ sistemlerinde etik karar verme s6z konusu oldugunda,
yapay zeka arastirmacilari, gecici kurallar yerine genel
cercevelerin  tercih edilmesi hususunda buyik &lglide
hemfikirdir. Etik sinirlarin baglamsal olabilecegi ve zamansal
anlamda tanmimlanmasi zor olabileceginden, etik kullanimi
tesvik etmek ve etik olmayan kullanimi1 6nlemek igin temel
normlarin yapay zekaya esnek bir sekilde dahil edilmesi
gerekmektedir [9]. Bununla birlikte, giincellemeler kisiler
tarafindan saglaniyorsa, kotiiye kullanimi Onlemek igin bazi
kontrol mekanizmalar1 devreye almmalidir [10]. Insanlar
tarafindan ahlaki karar vermenin sadece faydali etkilerini degil,
aym zamanda ahlaki kurallar1 da i¢erdigi g6zlemlenmistir. Bu
tir kurallar genellikle, sonuglar1 ne olursa olsun belirli
eylemlerin taahhiit edilmesi, ahlaki olarak korunmasi (Or.
kutsal degerler) ve yasaklanmasi (Or. 6ldiirmeye tesebbiis) gibi
degerler igermektedir [11].

Yapilan caligmada, bireylerin kendi ve diger bireylerin
eylemlerinin etigi hakkinda yargida bulunmalarini saglayan bir
cerceve 6nermektedir [5]. Iyi ve dogru teorilerine dayal etik
temsillerini, farkindalik ve degerlendirmeye dayali etik yargi
siireclerini icermektedir. Onerilen etik yarg siireci, Inang-Arzu-



Niyet (BDI) zihinsel modeline dayanmaktadir [12]. Bir bireyin
kendi eylemlerinin etigini yargilamak i¢in, farkindalik siireci,
bireyin kars1 karsiya oldugu mevcut durumu ve bireyin
hedeflerini tanimlayan inanglar1 olusturmaktadir. Inanglara ve
hedeflere dayali olarak, degerlendirme siireci, olast ve arzu
edilen eylemler listesini kapsamaktadir. lyilik siireci daha sonra
bireyin inanglarina, arzularina, eylemlerine ve ahlaki deger
kurallarina dayali etik eylemler listesini yaratmaktadir [13].

1. TOPLUMSAL ETiK KARAR MEKANIZMALARI

Toplum temsilcilerinin, toplumdaki diger bireylerin
eylemlerinin etik olup olmadigini yargilayarak, insan refahi ile
koordineli hareket eden ve uyumlu bireylerden olusan bir
toplum yaratmak birgok agidan yeterli olmayabilir. Toplumsal
normlart  yonetenler, birincil  kurallarin  gerekliligini
savunurken, zaman ilerledikce ikincil kurallarin, birincil
kurallarla yaratilmasina, degistirilmesine ve bastirilmasina izin
vermektedirler [14].

Literatirde, ozerk varliklarm (YZ veya insanlarin)
davraniglarin1 yonetmek igin sosyal normlari1 kullanan bir
mekanizma Onermektedir. Boyle bir yaklagim, merkezi bir
otoriteye dayanmak yerine dogasi geregi dagitiktir. Bireyler,
kendi karar mekanizmalarini  ylriterek — 6zerkliklerini
stirdiirtirler, ancak roller araciligiyla kolektif toplum tarafindan
tamimlanan sosyal normlara tabidirler (bireylerin nitelikleri
sonucu onlara ayricaliklar veren fakat bu ayricaliklar sonucu
yanlis davranirlarsa ceza veren Kkurallar butiinl). Sosyal
normlar, taahht, yetki, yasak ve yaptirimlari i¢eren bir sablon
aracihigiyla tammlanmaktadir. Bireyler daha sonra dinamik
etkilesimler yoluyla kolektif kendi kendine ydnetim elde etmek
icin itibar modelleme tekniklerine dayali bir giiven agi
olugtururlar [15].

Bireysel etik karar verme mekanizmalari, belirli bir
senaryoda  eylem  segimlerini  ahlaki  disiincelerle
degerlendirirken, toplumdaki farkli bir birey, farkli roller
iistlenebilir.  Ornegin, bazi bireyler deontolojik etigi
degerlendirebilir. Digerleri sonugsalct etik veya erdem etigini
degerlendirebilir [16]. Bir dizi baslangi¢ etik kuralina dayali
olarak, 6grenme yoluyla daha karmasik kurallar kademeli
olarak edinilebilir. Tercihler seklinde tezahiir eden ve nicel
kisitlamalar ile sinirlandirilan degerlendirmeler, tercih toplama
ve coktan secmeli oylama yontemleriyle toplu bir karara
varmak icin bir araya getirilebilir [17].

IV. INSAN VE YZ ETKILESIMLERI

Insanlarin davramglarim etkilemeye calisan yapay zeka
uygulamalarinda, davranig bilimleri i¢in Belmont Raporu [18]
tarafindan olusturulan ilkelerin, etigin saglanmasi i¢in bir
baslangi¢ noktast oldugu 6ne siiriilmektedir [19]. Bu ilkeler (¢
temel gereksinimi icermektedir :

edilmemelidir
Ozgilir  iradelerini

a) Insanlarin kisisel
(teknoloji  ile  etkilesime
koruyabilmelidirler).

6zerkligi ihlal
girerken

b)  Teknolojinin getirdigi faydalar risklerden daha agir
basmalidir.

c) Faydalar ve riskler kullanicilar arasinda adil bir
sekilde dagitilmalidir.

Etik olarak uyumlu tasarim ydnergelerine ragmen,
uygulama tasarimcilart igin faydalar1 ve riskleri &lgmenin
zorlugu geregi yonergeleri Elektrik ve Elektronik Muhendisleri
Enstitisi (IEEE)’nden almak yararli bir baglangic noktasi
olabilir [20]. Insan merkezli degerlerin (Or. toplu refah ve is-
yasam dengesi) hesaplamali formiilasyonlar1 dnerilmis ve toplu
kaynak kullaniminda son zamanlardaki YZ destekli algoritmik
yOnetim yaklagimlarina dahil edilmistir [21].

Duygusal ¢ekicilik, etik ikilemler altinda etkili bir ikna edici
strateji olmasa da, bireylerden gelen etik agidan uygun duygusal
tepkiler, insan-yapay zeka etkilesimini artirabilmektedir [22].
Bireylerin verilen duruma iligkin degerlendirmeyi degistirerek
giicli olumsuz duygularla basa ¢ikmalarina izin veren Basa
Cikma Teorisi’ne dayali bir yaklagim Onerilmistir. Birey, kendi
eylemlerinin ve diger bireylerin eylemlerinin etik etkilerini
degerlendirmektedir. Kendi eylemi belirli bir ahlaki degeri ihlal
ederse, verilen eyleme devam etme Onceligini diigiirmeye
yarayan utan¢ duygusu tetiklenir. Diger bir bireyin eylemi
belirli bir ahlaki degeri ihlal ederse, gozlemleyen kiside sitem
duygusu tetiklenir ve bu, ilgili bireyle sosyal mesafeyi
artirmaya hizmet etmektedir (Or. giiveni azaltmak) [23].

SONUCLAR

YZ yonetim tekniklerindeki son gelismelere dayanarak,
cogu calismanin, etik ikilemleri ¢6zmek igin kural tabanli ve
ornek tabanli yaklagimlari birlestiren bireysel etik karar
cergevelerinde genellestirilebilir  gelistirmeye odaklandigt
goriilmektedir. Insanlar tarafindan etik karar verme
orneklerinden uygun kurallar1 6grenmek icin, farkli kiiltiirel
geemise sahip insanlardan gesitli etik ikilemler hakkinda veri
toplama  konusunda daha fazla c¢alismaya ihtiyag
bulunmaktadir. Cok etmenli oylamaya dayali toplu etik karar
verme lizerine caligmalar ortaya ¢ikmasina karsin bireylerin
etik tercihlerini temsil edecek mekanizmalar1 tasarlamak igin
hala ¢cok arastirmaya ihtiya¢ vardir. Ayrica YZ miihendislerinin
etik ve karar verme arastirmalar1 {izerinde daha fazla
yogunlagmalari1 gerekmektedir [24].
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Abstract— The study aimed to collect data on the Twitter
platform related to the hashtag (#TOGG) and analyze people's
feelings and opinions. TOGG 2022 cars were officially
announced to identify the user tweets' positive and negative
feelings. We tried to see the extent of the impact of people's
feelings and opinions after making these domestic cars. These
results may help predict the winner in the next Turkish elections
that will be held by 2023. The study examined issues that
dominated Twitter tweets related to hashtag (#TOGG), and it
reached many results. Most of the tweeters had positive feelings
ata rate of (85.16%), negative feelings at a rate of (13.46%), and
neutral feelings at a rate of (1.38%0). We showed the relationship
between hashtags related to hashtag (#TOGG). We found that
(#RecepTayyipErdogan) was one of the most frequently
repeated hashtags mentioned in 425 tweets. Of these, 380 were
positive, as it observed that the ruling party was mentioned
frequently and positively. Some tweets mocked the opposition
parties. There was the hashtag (#BOGG), the only hashtag
whose negative tweets outweighed the positive ones, as it was
observed that it mocks or downplays the importance of the
TOGG car industry with some attack on the ruling party.

Keywords— TOGG, TOGG2022, BOGG, Sentiment Analysis,
Election in Turkiye

I. INTRODUCTION (HEADING 1)

The Turkish presidential election is considered one of the
most important events that will happen in 2023, and all
Turkish people and other countries are looking forward to
knowing who is going to win. The elections of 2023 will
happen in different circumstances than the previous times, as
there is great resentment of the Turkish people towards their
government (ruling party) because of the inflation that
occurred in Turkiye in recent years. Fortunately, Turkiye
officially announced the readiness of its electric cars, which it
called TOGG, and held a celebration for that on 29/10/2022,
as this announcement may lead to the return of some
confidence to the people towards the current government. In
order to understand the situation more clearly, we decided to
use the Twitter platform as a primary source of information,
as Twitter is the most used platform globally to discuss many
matters, especially economic and political, by all segments of
society. We used the hashtag (#TOGG), as it is the most
prominent hashtag, coinciding with the official announcement
of Togg electric cars on the Twitter platform and collecting
almost all tweets from 06/08/2022 until 02/11/2022.

1. RELATED WORK AND BACKGROUND

Reference [1] says that few researchers have examined the
impact of government policies toward social media on
individuals’ attitudes to social media use, particularly when

Abdalrhman Alquaary
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Sakarya University
Sakarya, Turkiye
apoalquaary@gmail.com

these policies aim to denounce and control social media
platforms, as was the case in Turkey in 2013-2016.

More recently, on the technical side, data scientists have
created a new concept in natural language processing (NLP)
called attention [2] which gave them the ability to computers
to understand texts more efficiently. It was published in 2017
for the first time. One year later, Google published a new
language representation model called BERT, which stands for
Bidirectional Encoder Representations from Transformers.
Unlike recent language representation models [3]. BERT is
designed to pre-train deep bidirectional representations from
an unlabeled text by jointly conditioning on both the left and
right context in all layers. As a result, the pre-trained BERT
model can be fine-tuned with just one additional output layer
to create state-of-the-art models for a wide range of tasks, such
as question answering and language inference, without
substantial task-specific architecture modifications.

I1l. METHODOLOGY

In recent decades, the continuous growth of social
networking sites has attracted significant research interests
from various disciplines and fields, especially since they are
open spaces that allow their users to express their opinions
freely, which has made them one of the most popular and used
sites. It also can reflect the political scene in particular, which
helped the growth in their use during the elections by political
candidates and users. Looking at social networking sites, we
will find a huge volume of data, and a large amount of useful
information about users, their opinions, attitudes, ideas, and
interactions on various issues, in contrast to the limited
number of respondents to opinion polls and traditional
interviews. With the advent of big data and its increasing
popularity in the current century, research has increased in
analyzing the feelings of social networking sites and extensive
data analysis. Researchers have begun to integrate social
networking data, led by the Twitter platform, as an aid in
predicting various issues such as election results, so if the
majority of feelings are positive towards a candidate, they
expect this candidate to win the election.

Our study focused on the feelings, opinions, and thoughts
of users from inside and outside Turkiye after the Turkish
TOGG cars were announced to see if they affected people's
thinking regarding politics or economics. Fig. 1 shows our
methodology Framwork.



Gathering Data from Twitter

Cleaning Tweets and Removing Stop Words ‘

Using Sentiment Analysis

Model for Analyzing Tweets

Extracting the Relationship between Different
Variables and Making Network Graphs

’ Comments on Results ’ ’ Doing Descripting Statistics

Fig. 1 Our Model Framework

A. Collecting Data

Although a so-called Twitter API is given to developers, it
gives only a limited number of tweets that do not exceed
3,200 thousand tweets per week. The other solution, which is
the most difficult, was to use web scraping techniques to
collect data from Twitter using the hashtag (#TOGG). The
data was collected from 06-08-2022, i.e., when talking about
Togg cars on social media began, until 11-02-2022, i.e. four
days after the Turkish Togg car show ceremony. Four days
were waited after the ceremony to see Twitter users’ feedback
on this topic. This process was done using Python to collect
data related to each tweet. 56,040 thousand tweets were
collected at different times of the day, and then this data was
stored in an Excel file. It was noted that some accompanying
hashtags indicated a political presence with the hashtag
(#TOGQ) in Fig. 2

i;ig. 2 Collected Data Excel File

B. Cleaning Data

Data mining across the Twitter platform is a difficult task,
because an opinion boils down to a few words and any error
in sentiment analysis of any word will lead to the wrong
classification of tweets; For this reason, accuracy in
processing the text of tweets is very important, as raw tweets
have many problems or so-called text noise that may affect the
accuracy of the results, so data purification and preparation is
done through preliminary processing of data analysis using
natural language processing technology through the computer
And the use of the Python programming language, through
which this noise was removed and the data was cleaned from
characters of no value such as punctuation marks,
prepositions, numbers, text emojis, emails, URLs,
modification of signs and hashtags, deletion of duplicate
(“@”, “#”) and others with the help of the stop words
dictionary as shown in Table 1, so that the valid data is

10

converted into an analyzable data format, which does not lead
to distortion of the exploration results, then the text is
converted to lowercase letters, and thus the extensive data that
It was collected to extract what was helpful for meaningful
analysis after which the data was stored in a new file.

Table 1 Example of Cleaning Data

Before Cleaning
@zafersahin06  Igeriyi
géremedik yani
fabrikanin igini, tavuk mu
yumurtladi, leylekler mi
getirdi? #TOGG

After Cleaning

Igeriyi goremedik , yani
fabrikanin i¢ini, tavuk
mu yumurtladi,
leylekler mi getirdi

TOGG
#YeterArtikSivadiniz
. YeterArtikSivadiniz
#EmeklilikteYasaTakilan .
EmeklilikteYasaTakilan
lar #GeceyeNotum lar GeceveNotum
https://t.co/COsB2Nwvzi Y

C. Sentiment Analysis

We used Bert Sentiment Analysis Model to analyze our
cleaned tweets and interpreted them using descriptive
statistics and network graphs.

At the same time, we made two undirected graph data sets,
one of the relationships between the most frequent hashtags.
Vertex (V) represents a hashtag, and edge (E) represents the
existence of both hashtags in the same tweet. We should
mention that edge thickness indicates the frequency of words
together. We used the same technique to make a network
graph for the most frequented words and emojis.

Undirected Graph = G (V, E {the existence of both nodes in the same
weet}) (1)

IV. STUDY RESULTS
In this section the results of study are explained as below

First: sentiment analysis of the tweets in the hashtag
TOGG

Table 2 shows the total percentages of tweet sentiment
according to the hashtag TOGG during the period 08-06-2022
and 11-02-2022, where 56,040 tweets were collected.
Sentiments of the tweets fluctuate between positive, negative,
and neutral from the table. The highest percentage of tweets
tended to be positive (85.16%), followed by negative feelings
with a rate of (13.46%) and finally, neutral feelings with a
percentage of (1.38%). For simplicity, the researcher removed
the tweets related to neutral feelings from consideration so that
only tweets with positive and negative feelings are dealt with
in the following tables.

Table 2 Sentiment Analysis of TOGG Hashtag Tweets

Sentiment TOGG Tweets
Type Frequency Percentage
Positive 47723 85.16%
Negative 7543 13.46%
Neutral 774 1.38%
Total 56040 100%




It is worth noting that there is a vast difference between
positive and negative feelings, as positive feelings are clearly
overshadowed by the fact that there is great joy and joy on the
part of the tweeters. This result is not surprising, as everyone
knows that the Turkish people rejoiced greatly on this
occasion. It is worth noting that it was noticed that the most
cheerful and those with positive tweets were praising the
ruling party. In contrast, most negative tweets were critical of
the ruling party as shown in Fig. 3.

Sentiment Analysis for

Tweets

60000
g
c 40000
)]
=]
o
o 20000 .
[* 8

0 ||
positive negative neutral
M Frequency 47723 7543 774

Fig. 3 Graph of Sentiment Analysis of TOGG Hashtag Tweets

Second: Sentiment Analysis Timeline

We can see from the following table the number of tweets
per month from the percentage of the total number of tweets.
As we can see, the number of positive tweets in August was
3439, as the percentage of the total tweets in August was
88.32%. As for the negative tweets, the number was 455
tweets or 11.68% of the total tweets for the month of August.
In September 1649 positive tweets were published, where we
noticed a decrease in the number of tweets, which was
89.14%, while the negative tweets were repeated 201 times,
and the rate was 10.86%. As for October, it was the peak of
publishing the hashtag (#TOGG), as the TOGG car was
officially announced to the market on 10-29, and most of these
tweets were the last days of October, when 41,545 positive
tweets were published, which was 86.15%, while the negative
tweets were 6,679. Tweet rate of 13.85%. As for the eleventh
month, we only took the first two days from it, and the number
of positive tweets was 1090, or 83.98%. As for the negative
tweets, the number was 208, or 16.02% inTable 3.

Table 3 Sentiment Analysis Based on Months

Sentiment Positive Negative
Type Frequency % Percentage %
8 3439 88.32 455 11.68
9 1649 89.14 201 10.86
10 41545 86.15 6679 13.85
1 1090 83.98 208 16.02

We also note that the positive side was constantly superior
to the negative side in the hashtag (#TOGG) Fig. 4. These
feelings indicate joy, happiness, and confidence, which may
lead to a change in the political thinking of the Turkish street
toward its government. As a result of this research, the

researchers expect that the announcement of these electric cars
may affect the upcoming Turkish elections that will be held in
2023.

Sentiment Analysis Based
on Months

50000
40000
30000
20000
10000

Frequency

8 9 10 11

e POositive Negative

Fig. 4 Sentiment Analysis Based on Months

Third: Examples of Tweets

Analysts observed that the political aspect was strongly
present in the minds of the tweeters, as most of the tweets
contained political content. Tweets were either positive,
negative, or neutral, as most of the positive tweets were
praising the ruling party and President of Turkiye Recep
Tayyip Erdogan Fig. 5. Negative tweets were mostly
criticizing the ruling party or the Turkish president Fig. 6.
Neutral tweets were independent Fig. 7. as we can see from
the below examples.

a) Positive Tweets

3; /A @@S. A s@@'y S
VW @B Tnec 41

Dedem, babam segtikleri Hiikimetlerle, bize yerli
otomobil tretecek bir fabrika birakmadi ..Ama
Hamdolsun ben sectigim Ak Parti sayesinde gocuguma
ve torununa Yerli Otomabil fabrikasi ve yerli otomobil
birakiyorum.

Tesekkirler #RecepTayyipErdogan

H#TOGG

8:24 PM - Oct 28, 2022 . Twitter for Android
3 Likes

Q n Q &
Fig. 5 Positive Tweet

b) Negative Tweets

kene
@kene34d

Almanyada 37 asgari tcret ile sifir BMW alinabiliyorken,
Turkiye'de 9999 aylik ile ancak togg alabiliyorsun.
Hala Recep Tayyip Erdogan'in {ilkeyi ucurdugunu
Avrupa'nin kendisini kiskandigini #TOGG'a #BOGG
atildigini diistinlyor.

10:45 AM - Oct 30, 2022 - Twitter for Android
© Lo Q o
Fig. 6 Negative Tweet



c) Neutral Tweets

ihsan Alkan
@ha_ihsannn

e

Ulke #TOGG'lar ve #BOGG'olar olmak Uzere ikiye

ayrilmis durumda

12:46 PM - Oct 31, 2022 - Twitter for Android

©
Fig. 7 Neutral Tweet

T

Forth: Clouds and Network Graphs

A network graph refers to a structure representing a group
of objects/words/hashtags/emojis and the relationships
between them. It is also known as a graph in mathematics. A
network structure consists of nodes and edges. Here, nodes
represent objects(hashtags/words/emojis) we will analyze,
while edges represent the relationships between those objects.
(Green node is a positive node, Red Node is a negative Node,
the Green edge means both nodes are positive, the Red edge
means one of the two nodes is negative, and the thickness of
an edge means the more substantial relation)

As we can see in Fig. 8, there are many relationships
between hashtags, most of which were positive, except
(#BOGG) hashtag. We can notice from the graph that there
was some political existence.

As we can see in Fig. 9, there are fewer relationships
between words and most of them were positive, except
(#BOGG) hashtag. We can notice from the graph that there
were some national feelings existing.

As we can see in Fig. 10, there are many relationships
between emojis, all of which are positive. We can notice the
support Twitter users had for TOGG.

&
TOGG2022

SONDAKIKA /
Gemlik /4 HeyeCanl
| RecepTayyipErdog /
Togg Sl HAKdavalimAKsevdalim
/,‘ 4 ! YeniLigeYolculuk
/
gunestutuimas /

Tarkiye
ELONMUSK
. YeniLigdeBenDeVarim

pazar

BOGG TurkiyeYuzyil

togg 29EkimCumhiyetBayrami

YeniLigGemlik
TOGGileGururDuyuyorum

Fig. 8 Network Graph for Most frequented 20 hashtags and
their relationships
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MILLI
Fig. 9 Network Graph for Most frequented 25 words and their
relationships

e

G
OF

(¢}

Fig. 10 Network Graph for Most frequented 25 emojis and
their relationships

CONCLUSION

In this paper, we analyzed one of the hottest topics in Turkiye
in 2022. We investigated how this topic would affect other
aspects of life, primarily politics. 2023 is the most crucial year
in Turkiye's history because it has two important events
presidential election and The centenary of the founding of
Turkiye. Researchers assumed Togg cars announcement
would affect those two events from the political side, which is
why it is a considerable subject. This study concluded that the
announcement of the Togg cars this year has impacted the
Turkish people's political decisions, positively and negatively,
as shown in the tables above. However, at the same time, there
is opposition and resentment, especially with the economic
situation and high prices.
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Ozet— Katalog sistemleri iiriin tamtimlarinda bilgi vermek
amach  kullamlan kullamsh ve etkili bir tamtim
mekanizmasidir. Teknolojinin gelisimi ile iiriin tanitimlarinda
kullanilan ki@t baski katalog sistemleri yerini dijital
kaynaklara birakmaktadir. Biinyesinde ¢ok sayida alt
organizasyon iceren biiyiik isletmeler, geleneksel yontemler ile
her alt organizasyonu i¢in 6zel katalog iiretme noktasinda hem
maliyet hem de kullamlabilirlik acisindan farkli problemler ile
karsilasmaktadirlar. Dijital katalog sistemleri, on taraf
(frontend), arka taraf (backend), veri tabam ve bulut mimari
teknolojilerinin sunmus oldugu giincel ve etkili mimariler
yardimiyla bu problemlere ¢éziim iiretmekte ve son kullanici
icin hem mobil uygulama hem de web platformlar iizerinden
kullamish  bir iiriin sunmaktadir. Yenilik¢i teknolojik
yaklasimlarin kullamldigi bu calisma, kagit baski kataloglar
yerine dijital platformlar kullamlarak performansh ve etkili bir
iiriin tamtim islemi gerceklestiren dijital katalog tasarlama
calismasidir. Bu platform iizerinden kataloglar1 goriintiileyen
kullamicilarin konum, zaman, odaklanilan iiriin (1s1 haritalar)
gibi bilgileri ahmmakta ve bu bilgiler iizerinden katalogda
sunulan icerigin analitikleri gerceklestirilmektedir. Bu
analitikler arasinda, one cikan iiriinler/sayfalar,
bolgelere/sehirlere gore odaklamlan iiriinler/sayfalar gibi
analizler elde edilebilmektedir. Ayrica sonraki ¢ahismalarda,
kullaniciya ozgii tavsiye sistemi, katalog iceriginin kullamm
istatistiklerine gore yeniden diizenlenmesi, konum tabanlh
olarak anhk kampanyalar iiretilerek kullanicimin en yakin
magazaya yonlendirilmesi gibi yapay zekd destekli modeller
gelistirilecektir.

Anahtar Kelimeler—Dijital Doniisiim, Online Katalog, Yapay
Zekd, Makine Ogrenmesi, Oneri Sistemleri

l. GIRIS

Kataloglar, iiretici veya satig operasyonu gergeklestiren
firmalar tarafindan {iriin bilgisi vermek i¢in kullanilan etkili
bir tanitim aracidir. Igerisinde ¢ok sayida iiriin gorseli ve bu
irtinlere ait cesitli bilgiler iceren kataloglar hem magaza
¢alisanlart hem de miisteriler i¢in {iriinlere erisim noktasinda
kolaylik saglamaktadir. 21. yiizyil gelisen teknoloji ile
gerceklesen gelismeler tiiketici istek ve beklentilerini de
sekillendirmektedir. Bu istek ve beklentiler, kisa zaman
dilimlerinde daha fazla ve gergek¢i Uriin incelemek ve
gozlemlemek iizerine kurulmaktadir. Isletmeler, geleneksel
olarak kullanilan kagit baskili kataloglar {izerinden {irlin
yonetimi (Uriin bilgi, depo vb.) igin ¢evre subeler ile iletisim
kanallarmi kullanarak etkilesim kurmaktadir. Isletmeler igin
prestij ve zaman kaybi ile sonuglanan bu yontem gelisen
teknoloji ile yerini dijital kaynaklara birakmaktadir. Uriin
kararini verecek miisteriler, dijital kaynaklar Uzerinden Uriin
mevcut durumu ve benzer modelleri de inceleme istegi gibi
onem arz eden isteklere de ¢Ozlim olmaktadir. Satis ve
pazarlamada kullanilan geleneksel kagit baskili kataloglar
teknolojik gelismeler ile yerini dijital katalog sistemlerine
birakmaktadir [1].

Dijital kataloglar ihtiyaglar1 karsilamak igin ¢ok sayida
kaynagi online platformlar kullanarak daha etkili bir sekilde
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sunmak amaciyla kullanilan araglardir. Mobilya, elektronik ve
sarf malzeme gibi ¢esitli pazarlama sektorlerinde dijital
katalog sistemleri etkili bir sekilde kullanilmaktadir.
Oncelikle, dijital katalog kullanan isletmeler personel yardim1
olmadan ve daha hizli bir sekilde ilgili triinlere erisme
imkanina sahiptir. Ayrica dijital platformlar, iiriinlere daha
etkili erisimin yaninda sistemin sunacagl Oneriler sayesinde
miisteriler i¢in fikir olusturmaktadir. Dijital kataloglar
gorselleri ile ¢ok fazla bilgi igermesinden dolay: arayiizlerin
tasarlamas1 karmagik bir islemdir. Dijital kataloglar alic1 ve
satici i¢in kullanimi agik, anlagilir ve kolay olmalidir. Arama
filtreleri tercihi, bigimleri ve temsil etme sekli basta olmak
tizere kullanict merkezli dijital kataloglar kullanim kolaylig:
saglamaktadir.

Kullanict merkezli dijital katalog tasarimlarm da
gerceklestirilen Onceki calismalar genellikle kiitiiphane
otomasyon sistemleri ve oyun Ogrenme alanlarina

yogunlagmaktadir. Kataloglama, kiitiiphanelerde kaynaklarin
tanimini igeren 6nemli bir tanitim aracidir [2]. Igerisinde gok
sayida kitap bulunmasindan dolayr istenildiginde ilgili
dokiimanlara geleneksel kataloglar {izerinden erisim ¢ok
saylida problemi beraberinde getirmektedir. Kiitiiphanelerde
geleneksel kataloglar yerine filtreleme teknigine sahip dijital
kataloglar kullanilmaya baslanmaktadir. Monyela (2020)
calismasinda kiitiiphanelerde kullanilan kataloglama ve dijital
kataloglamaya gecis calismalarina yer vermektedir [3]. Oyun
tanitim dijital kataloglarinda dijital platformlarm filtreleme
ozelligi 6n plana ¢ikmaktadir. Leavitt vd. Mobygames oyun
tanitim katalogu platforma, oyunun yilina, kullanim alanina
ve oyun derecelendirmesine bagl cesitli filtreler sundugunu
ifade etmektedir [4]. Djaouti vd. SeriousGamesClassification
dijital katalogunun yas grubu, oyun tiirii ve amaci gibi énemli
etkenlerini 6n planda tutan ve oyun bulmay1 daha etkili bir
sekilde kullaniciya sunan dijital kataloglarda filtreleme
teknigi sunuldugunu vurgulamaktadir [5].

Bu calisgmada geleneksel kataloglama yodntemlerinin
yerine dijital platformlar kullanilarak daha hizli ve etkili bir
dijital katalog iretim ve dagitim mimarisi Sekil 1’de
gosterilmektedir. Oncelikle yonetici olarak yonetim paneline
giris yapilmakta ve iretilecek kataloga ait tanimlama verileri
(katalog adi, firma bilgisi, hedef platform, aktiflik siiresi,
kataloglar arasi yerlesim sirast vb.) sisteme girilmektedir.
Interaktif tasarlayic1 asamasmnda PDF formatinda yiiklenen
icerik resim formatina doniistiiriilmekte ve istenilen her sayfa
icin farkli interaktif 0ge (video, ses, resim slayti, web
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baglantisi, harita vb.) ile igerik zenginlestirilebilmektedir.
Ardindan igerik dagitim asamasinda mobil ve web kanallart
tizerinden tasarlanan iiriin kataloglar1 dagitilacak ve kullanima
sunulacaktir. Yazilim {riinleri ile tasarlanan sistem
gereksinimleri bulut tabanlt mimari (SaaS) de tutulmaktadir.
Son kullanicilarin erigsimine mobil uygulama ve web portallar
kullanilarak  bulut mimari tizerinden erisim imkani
sunulmaktadir.  Giincel teknolojilerin  kullanildigi  bu
caligmada tiiketiciler kataloglar1 gergek¢i ve ayrmtilt bir
sekilde gozlemlemis olacaktir.

Ayrica gelistirilen platform ile dijital kataloglar
gorintlleyen kullanicilarin, bu kataloglart inceledigi konum
bilgisi, zaman bilgisi (saat, mevsim olarak) ve kullanicilarin
odaklanmis olduklar {iriin bilgileri incelenmekte ve bunlari
igeren ¢esitli istatistiksel veriler elde edilmektedir. Bu
istatistiksel veriler islenerek kullanicilar i¢in Gne ¢ikan
tiriin/sayfalar, bolge/sehirler ve odaklanilan iiriin/sayfalar gibi
kullanicr igin yararh bilgiler olusturulabilmektedir. Gelecek
calismalarda bu veriler kullanilarak kullaniciya 6zgii iiriin
tavsiye sistemleri, katalog igeriginin kullanici islem
hareketlerine gore yeniden tasarlanmasi, zaman ve konum
tabanli analizleri dikkate alarak anlik kullaniciya o6zgii
kampanyalar Oretilmesi gibi yapay zekd destekli modeller
gelistirilecektir.

Calismanin  kalan kismi su sekilde Ozetlenmektedir.
Bolim 2’de ¢alismada kullanmis oldugumuz materyal ve
metotlara yer verilmis, Boliim 3’te gergeklestirmis oldugumuz
uygulama tanitilmig ve Bolim 4’te elde ettigimiz sonuglar
ifade edilerek ¢alisma tamamlanmaktadir.

Il. MATERYAL VE YONTEM

Bu boliimde gelistirilen dijital katalog uygulamasi i¢in
kullanilan teknolojiler ve mimariler hakkinda bilgiler
verilmektedir. Dijital katalog uygulamasi i¢in arka plan
(backend) tarafinda gelistirilen kodlar PHP Laravel ile
gergeklestirilmektedir. Gorsel olarak son kullaniciya
sunulacak yapinin 6n taraf (frontend) kodlari ise Next.js
(React) ile gelistirilmektedir. Tasarlanan uygulamada iiriinlere
ve satiglara ait kayitlar MySQL veri tabaninda tutulmaktadir.
Geligtirilen yazilm ve veriler bulut tabanli mimaride
barmdirilmakta ve ilgili kullanicilar i¢in dagitim, bulut mimari
tizerinden hizmet olarak yazilim (Software as a Service-SaaS)
modelinde sunulmaktadir.

Katalog metaverileri veya PDF dosyalar1 dncelikle resim
formatia donustiiriildiikten sonra interaktif tasarlayicilara
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aktarilmaktadir. Interaktif tasarlayiciyla her bir sayfaya video,
ses, slayt gecisi, web baglantist gibi bilesenleri de igerisinde
bulunduran 10  farkli  interaktif bilesen entegre
edilebilmektedir. Bilesenler gorsellere entegre edildikten
sonra katalog yeniden PDF formatina donistiiriilmektedir.
Son asamada yetkili kullanicinm ilgili katalogu goriintiilemesi
ve onaylamasi igin 6n goriintii sunulmaktadir. Katalog iiretim
asamasi tamamlanan {iriin istenilen platformlar i¢in dagitim
onayina sunulmaktadir. Daha sonra iiretilen icerik farkli
dagitim kanalarinda (IoS, Android ve Web Sayfasi olarak) yer
alan icerik goriintiileyici yazilim tizerinden
goriintiilenebilmektedir. Gergeklestirilen sistem bulut mimari
yaklagimlar1 ile mobil uygulama veya web portallart
tizerinden kullanicilarin  hizmetine sunulmaktadir. Son
kullanicilar gerek mobil uygulamalar gerekse web portallar
iizerinden kataloglara erisim saglamakta ve dijital platformlar
yardimu ile {iriin incelemesini gerceklestirmektedir.

A. Laravel

Web sitesi tasarimlarin da geleneksel yaklasimlar ile
ortaya bir site ¢ikarmak uzun siireli islemler ve ¢ok sayida
satirdan olusan kodlamalar gerektirmektedir. Bu islemler
zaman kaybi ile sonuclanmaktadir. PHP cercgeveleri dnceden
hazirlanan pratik ve kullanish yapilar ile web tasarmmi
yapmak i¢in hazir bir mimari saglamaktadir. Bu yapiyl
problemlerimize gére uyarlayarak daha hizli bir sekilde web
uygulamalari1 olusturulmaktadir. Laravel en sik kullanilan
PHP tabanli web ¢ercevelerinden biridir [6]. Laravel agik
kaynak kodlu (st diizey giivenli web uygulamalari
olusturmay1 saglayan PHP tabanli web ¢ergevesidir ve web
uygulamalar1 gerceklestirmek icin olduk¢a kullanigh bir
cercevedir. Model-view-controller (MVC) mimari modelini
uygulayan bu yapi, proje kurmak ve ¢alistirmak igin PHP
composer kullanimini saglamaktadir. Ayrica ¢esitli modeller,
kontroller ve servisler olusturmak i¢in yogun bir sekilde
uygulanmaktadir [7]. Laravel dosya isleme bileseni diger
PHP cerceveleri ile karsilastirildiginda en iyi performansi
gosterdigi vurgulanmaktadir [6].

B. Next.js (React)

Bir react cercevesi olan Next.js web uygulamalari
gelistirirken bir 6n-taraf (frontend) yapisini olusturmak icin
kullanilmaktadir. Bir web uygulamasmin performansh ve
giivenilir bir gsekilde c¢alismast i¢in uygun yapilari
icermektedir. Strapi dahil olmak {zere igerik yonetim



sistemleri ile uyumlu bir sekilde ¢alismaktadir. Next.js 6n
tarafta liglincii parti uygulamalar1 kullanmadan basit bir form
gonderme mantiginin uygulanmasma izin vermektedir [8].
Next.js web uygulamalari gelistirmek i¢in 6nemli 6zelliklere
sahiptir.

Degistirilmis dosyalart tanimlama ve bu dosyalarin
aninda yeniden yiikleme becerisini igeren aktif kod yeniden
yiikleme 6zelligi bu mimariyi 6n plana ¢ikaran 6zelliklerden
biridir. Yonlendirme i¢in URL’leri ayarlama ihtiyacini
ortadan kaldirmasi ile gerceklesen otomatik yonlendirme
ozelligi bir diger dikkat ¢ekici ozelliklerinden biridir. Bir
baska ozelligi ise sunucuda onceden olusturulmus olarak
gelen ve istemci tarafinda yiiklemeleri daha hizli ve etkili
hale getiren sunucu tarafi olusturmalardir. JavaScript
modiillerini ve React.js bilesenlerini dinamik olarak
yiiklemek ise bir baska 6zelligidir. Yaygin olarak kullanimini
saglayan bir diger 6zellik Typescript destegi ve statik siteleri
disa aktarabilmesidir [9].

C. MySQL

MySQL, SQL (Structured Query Language) dilini
kullanan, veri alimmi otomatiklestirmeye yardimci olan ve
PHP tabanli web uygulamalar1 gelistirmede Onemli
kolayliklar saglayan agik kaynak iliskisel bir veri tabanidir
[10]. Kullanici yonetme, ag erisimi sunma, veri tabani
biitlinliiglinii kontrol etme ve veri tabaninin yedegini
olusturma siirecini basitlestirme yetenegi gibi Ozellikleri
icermektedir. Ayrica SQL ifadeleri kullanilarak iliskisel veri
tabanlarindan bilgi olusturabilir, degistirebilir ve kurtarabilir
olmasi kullanicilarin veri tabanlarina nasil eristigini kontrol
etmelerini saglamaktadir [11].

D. Saas (Hizmet olarak yazilim)

Hizmet olarak Yazilim, uygulamalarin bir satict veya
hizmet saglayici tarafindan barmndirildigi ve misterilere bir
ag, genellikle Internet iizerinden sunuldugu bir yazilim
dagitim modelidir. SaaS, web hizmetlerini ve hizmet odakl1
mimariyi destekleyen temel teknolojiler olgunlastikca ve
yeni gelisimsel yaklasimlar popiiler hale geldikce, giderek
yayginlagsan bir dagittm modeli haline gelmektedir. Bu
modelin en 6nemli avantajlarindan biri kullandik¢a &de
modeli ile kullanicilarin  kullanimma  bagli  olarak
iicretlendirme modelidir. SaaS uygulamalar1 ayn1 zamanda,
farkli platformlardaki diger verilerle ve diger uygulamalarla
da etkilesime girerek kullanicilar i¢in kullanim gesitliligi
saglamaktadir. Ayni zamanda tanimlanan farkli hizmet
sunum modelleriyle yakindan iligkili bir sekilde hizmet
vermektedir. Cogunlukla kurumsal miisterilere diisiik
maliyetle is yazilimi islevselligi saglamak igin uygulanan bu
sistem, miusterilerin ticari olarak lisanslanmis, dahili olarak
calistirilan yazilimin ayni faydalarini kurulum, ydnetim,
destek, lisanslama ve yiiksek baslangic maliyeti ile iliskili
karmagsiklik olmadan elde etmelerini saglamaktadir. Katalog
tasarlama ve dagitim mimarisi Sekil 2’te gosterilmektedir.
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Sekil 2. Uygulama dagitim modeli

I1l. UYGULAMA

Gelistirilen sisteme Sekil 3’te gosterilen kullanici paneli
iizerinden giris yapilmaktadir. Genis Olgekli isletmeler
biinyesinde ¢ok sayida farkli sektdre hizmet eden alt
organizasyonlar igerebilmektedir. Gelistirilen uygulamada
kullanici paneline giris yapilmasmm hemen ardindan ilgili
organizasyonun  katalogu secilerek dijital platform
kaynaklarina kataloglar aktarilmaktadir.

& prestij

Sekil 3. Kullanici paneline giris ekrant

Sekil 4’te kataloglarin listelendigi ekran gosterilmektedir.
Alt organizasyonlar igerisinden ilgili organizasyon secilerek
etkili ve hizli bir sekilde iiriin gorselleri yiiklenmektedir.



Sekil 4. Katalnoglarln listelenmesi

Ilgili katalog segildikten sonra bu kataloga ait tanimlama

bilgileri verilmekte ve kullanicinin katalogu
diizenleyebilmesine  olanak  saglanmaktadir.  Katalog
gelistirmesi  tamamlandiktan sonra mobil ve web

platformlarinda etkili bir dagitim ve kullanim sunulabilmesi
i¢in uygulama SaaS igerik goriintiileyicilere aktarilmakta ve
son kullanict ya da paydaglarla kataloglar paylasilmaktadir.

Tasarlanan kataloglarin indirilme sayilari, sayfa bazl
goriintiilenme oranlari, 1s1 haritalar1 dénemsel ve bolgesel
(bolge, sehir, ilge vb.) bazli yodneticiye sunulmakta ve
olusturulan katalog ilgi derecesi takip edilmektedir. Igerik
takip sistem ekranlar1 Sekil 5’te gdsterilmistir.

Sekil 5. Yonetici istatistik ekranlari

IV. SoNuc

Bu ¢alisma da iiriin bilgisi iceren ve alisilagelmis baski
sistemine dayanan kataloglar yerine mobil cihazlar ve web
portallar1 {izerinden katalog bilgisine erisilen bir sistem
gelistirilmistir. Bu sistem sayesinde basili kataloglarda
yasanan, giincel olmayan iiriin verileri, katalog dagitim
zorluklari, kataloglarin hedef kitleye ulasip/ulagsmadig gibi
o6nemli problemlerin giderilmesi saglanmistir. Ayrica katalog
sahibi firmaya, katalog indirme/gdrintilene/odaklanma gibi
kayitlar kullanilarak elde edilen verilerden {iretim, lojistik ve
pazarlama igin faydali geri doniisler yapilmaktadir. Bu
calismada SaaS tabanli olarak gelistirilen uygulamamizin
bakim ve onarimmi da ¢ok kolay bir sekilde
stirdiiriilebilmektedir. Geleneksel baski kataloglar yerine
dijital platformlarin kullanilir olmasi ise baski ve dagitim
maliyetlerini ortadan kaldirmaktadir. Gelecek g¢aligmalarda
gelistirilen uygulamadan toplanan veriler cesitli makine
O0grenmesi yontemleri ile analiz edilecek ve tiiketiciler
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arasinda yaygin olarak tercih edilen iiriinler (konum ve zaman
tabanli olarak) degerlendirerek miisterilere geri doniislerin
sunulmast planlanmaktadir. Ayrica katalogu goriintiileyen
kullanicilara ger¢ek zamanli olarak bildirimler (push
notification) sunularak anlik kampanyalarin olusturulmasi ve
kisiye 6zgii kampanyalar iiretilmesi saglanacaktir.

TESEKKUR

Bu c¢alisma, Detaysoft Ar-Ge Merkezi biinyesinde
yiriitillen c¢alismalarin sonucudur. Desteklerinden dolay
Detaysoft Ar-Ge Merkezine tesekkiir ederiz.
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Abstract—  The first-order distorted wave born
approximation and artificial neural network are used to
examine the astrophysical S-factor and total cross-section of the
3He(alpha,gamma)’Be radiative capture reaction. Our findings
demonstrate that the artificial neural network model is a strong
candidate as an extrapolation model to estimate the observable
S-factor at astrophysical energy.

Keywords—Artificial neural network, radiative capture
reaction, astrophysical S-factor.

I. INTRODUCTION

At nuclear astrophysical low energies, the S-factor is of
great importance. It allows to make predictions due to its
structure that goes to zero and changes smoothly in places
where there is no experimental data. In this study, S-factor for
He(alpha,gamma)’Be reaction obtained by using Distorted
wave born (DWBA) approximation.

In this study, as a new approximation in this area, we have
used artificial neural network model to estimation S-Factor. In
recent years, this technique has grown significantly in
importance for data analysis in disciplines like nuclear
physics, high energy physics, astronomy, biology, chemistry,
meteorology, and geophysics. A great amount of work is
being done in nuclear physics with the aid of the ANN model.

The ANN approach was chosen for these investigations
because, unlike other extrapolation models, it does not require
any equations or mathematical linkages between the input and
output data, which is its primary benefit over other methods.

In this study, we have obtained the S-factor for the
3He(alpha,gamma)’Be system by using DWBA and ANN.
We have compared the results at energies going to zero. Also,
the reliability of ANN has been investigated.

II. MODEL

A. DWBA Model

In this investigation, the total cross section and S-factor for
the *He(alpha,gamma)’Be radiative capture processes were
calculated using the nuclear potential model.

In this model, the cross section is given by,

2 alr,| 0

We can define transition amplitude Tﬁ. as,
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where ki and k¢ are wave numbers of entrance and exit

2

channels, respectively. The distorted waves ,’(i(+) (k;,r) and
Z}_) (k,,r) give the relative motion between the interacting

nuclei. U(r, ) and the [ defines internal coordinates of
the excited states.

At astrophysically low energies, either there aren't any
open excited channels, or they aren't strong enough to support
nuclear reactions. In order to choose the optimal potential
model to obtain the reaction observables for a specific system,
We calculated the reaction total cross section for the
SHe(alpha,gamma)’Be e system using this potential and first-
order DWBA calculations. While non-elastic contributions
can be handled perturbatively, the DWBA implicitly assumes
that elastic scattering is prevalent.

B. ANN Model

Artificial neural network (ANN) is a mathematical model
that simulates how the human nervous system and brain work
[1]. The neurons in a nerve cell and the connections that link
them make up the model's structure. Neurons serve as the
model's functional units. In three separate layers, groupings of
neurons are arranged. The input, hidden, and output layers are
those layers. This kind of ANN is referred to as a layered ANN
because of its layered construction. Neurons in the input layer
serve as representations for the problem's independent
variables. Each variable relates to a different neuron. The
problem's desired outcome, or the dependent variables, occurs
in the output layer.

III. RESULTS

In this study, we have used three different experimental
data [2-4] for S3He(alpha,gamma)’Be system. The
experimental energy ranges changes between Ec,= 0-2 MeV.

First o all, we have applied the DWBA model to obtain S-
factor data. In our calculations, we have used Gaussian
potential for the nuclear part of total potential with the
parameters V=300 MeV, rp=1.02 fm. and a¢=2.0 fm.
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Fig.2. The S-factor results of >He(alpha,gamma)’Be reaction with
comparison our results and experimental data. The experimental data is
obtained from Ref. [3].

As it can be seen in all figures, our potential model
explanation very reasonable. But, it fails to reproduces pahse
and magnituse in some points. This reactions very sensitive to
potential parameters. Because of this reason, It is not possible
to obtain precise results.

In a second stage, we have applied ANN model to get
reaction observables. As it given from figures, ANN gives
very good results. This study aims to estimate the S-factor
using nuclear reaction data and ANN. Old style experimental
data were used to generate S-factor values. The S-factor
values corresponding to the Energy value were estimated
using ANN and used as input data to create the ANN model.
There was just one input, one output, and one hidden layer
with four hidden layer neurons. The artificial intelligence
technique known as the Multilayer Perceptron was adopted.
Theoretically, hidden neurons activation functions may be
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nonlinear. In our analysis, we have found reasonable S34(0)
values for the energies going to zero except Constantini’s data.
Our results very compatible with literature values. In future,
we will search the ANN behavior for Constantini’s data.

IV. CONCLUSION

In this study, we have analized the astrophysical S-factor
and total cross-section of *He(alpha,gamma)’Be reaction by
using the nuclear potential model and artificial neural
network. Our results proves that, our ANN findings accurately
forecast the reaction observable and replicate the oscillatory
structure of the S-factor and total cross-section data with the
proper amplitudes and phases. Additionally, the S34(0) ANN
prediction at energies going to zero is quite consistent with the
other data.

Our primary goal in doing this work is to compare the
nuclear potential model to the ANN results for the estimation
of S34(0) and reaction variables. Our findings indicate that the
ANN model is a very effective extrapolation technique at
astrophysical energy. It might be an effective tool for
estimating a region out of experimental data.
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Recent Progresses of Heart Attack Prediction in
Machine Learning

1st Burcu Bilgin
Computer Engineering
Kocaeli University
Kocaeli, Turkey
burcubilgin2020@gmail.com

Abstract—The prediction of heart attack is one of the
serious causes of morbidity in the world population. Because of
its vital importance, heart attack prediction is a challenging
problem that has attracted the attention of both healthcare
professionals and computer scientists. In order to create an
effective prediction model, obtaining smart information from
electronic health data and the use of smart learning models
with developing technology have gained momentum in recent
years and expanded the solution boundaries. Our motivation
for this study is to shed light on researchers in the field by
examining studies on machine learning and deep learning
models for heart attack prediction.

Keywords—Heart Attack, Myocardial Infarction (MI), Acute
Mpyocardial Infarction (AMI), Prediction, Machine Learning.

1. INTRODUCTION

The heart, which is the main organ of the human body,
plays the most important role in the circulatory system by
pumping blood throughout the body through the vessels in
the circulatory system. The circulatory system is the most
important part of our body, as it is responsible for the
transport of blood, which carries food, oxygen, water,
minerals and other important substances to our entire body. If
the heart's work is impaired for any reason and not working
properly, it can lead to serious health problems such as death.

The World Health Organization (WHO) states that heart
disease is the #1 cause of death worldwide. Worldwide,
approximately 17.9 million people die from heart disecase
each year, representing 32% of global deaths. 85% of these
deaths occur due to heart attack and stroke [1].

According to the data of the Turkish Statistical Institute
(TUIK), the leading cause of death in Turkey is circulatory
system diseases. Circulatory system diseases 39.8% in 2009,
37.9% in 2012, 39.6% in 2013, 40.0% in 2014, 40.1% in
2015, 39.5% in 2016 , with 39.5% in 2017, 37.8% in 2018
and 36.8% in 2019, it is at the top of all causes of death.
According to 2019 statistics, 39.1% of deaths due to
circulatory system diseases are caused by ischemic heart
disease, 25.7% by other heart diseases, 22.2% by
cerebrovascular disease and 7.9% by hypertensive diseases

(2].

A heart attack, called myocardial infarction (MI) or Acute
myocardial infarction (AMI), is one of the most serious
diseases in the cardiovascular disease segment. The heart
muscle needs oxygen to survive. A heart attack occurs when
the blood flow that carries oxygen to the heart muscle is
severely reduced or cut off completely. This disease is
preventable at the initial stage, but it can lead to serious
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health problems and in the worst case, even death, as it
prevents rapid and early treatment.

Symptoms vary between people and gender; As in men,
the most common heart attack symptoms in women are chest
pain (angina) or discomfort. However, women are slightly
more likely than men to experience other common
symptoms, particularly shortness of breath, nausea/vomiting,
and back or jaw pain. In addition, there are a few other
symptoms to watch out for, such as pain in the chest or arms
that may radiate to the neck, nausea, abdominal pain, cold
sweat, fatigue, dizziness or sudden pain [3].

Risk factors can be categorized by environmental,
lifestyle, or genetic predisposition. The most common risk
factors include age and gender (men aged 45 and over and
women aged 55 and over), smoking, excessive use of alcohol
or caffeine, substance abuse, stress, diabetes, obesity, high
blood pressure, family history of heart attack (if if your
family has had an early heart attack - up to age 55 for men
and age 65 for women) and lack of physical activity may be
noted [3].

Our focus in our study is to contribute to the roadmaps of
researchers by examining the studies directed by artificial
intelligence on heart attack prediction in recent years.

1L BACKGROUND

Today, many healthcare organizations use information
systems to collect patient data and manage diseases. These
systems generate large amounts of data. Transforming this
data into intelligent medical diagnoses and clinical decisions
is invaluable. Supporting field knowledge of healthcare
professionals can significantly increase the quality and speed
of clinical decisions. The use of Artificial Intelligence,
Machine Learning and Deep Learning technologies, which
have an important role and advantage with the increasing
momentum in the health sector, can lead in this field.

A. Machine Learning and Deep Learning

Artificial intelligence can be called the ability of a
computer program to imitate the human brain by developing
intelligence. It gives computers the ability to think, which
makes them smarter. The idea of creating an artificial
machine is as old as the invention of the computer. In the
early 1950s, Alan Turing proposed the Turing test, designed
to assess whether a machine can be described as intelligent.
Artificial Intelligence is based on the principle that the
machine tries to imitate and execute tasks from the simplest
to the more complex ones using human intelligence [4].



Machine Learning can be called a subdivision of
Artificial Intelligence where the program learns through data
or input. It is a highly reliable tool for processing complex
data as well as providing simple user-friendly analysis. It
also ensures that ambiguities are minimized in the context of
classifying large numbers of complex and interrelated data.
According to one estimate, machine learning could be an
important tool in 38.12% of heart disease-related processes
by the end of 2023 [4].

Deep learning is the ability of deep learning to process
and analyze large amounts of unstructured data makes it a
promising mechanism for predicting diseases in the
healthcare industry. It is a much better method than its
counterparts for the separation and analysis of large volumes
of data. The deep learning method is based on supervised
learning, and this learning process cannot be used on third
category data that are not familiar with the system.

B. Applying Machine Learning in Health Sector

In the health sector, simple statistics such as "What is the
gender distribution of patients with myocardial infarction?",
"What are the highest risk factors for myocardial
infarction?", "What is the average age for myocardial
infarction" can be produced using decision support systems.
Clinical decision-making is often based on the experience of
healthcare professionals, which can lead to undesirable bias,
errors and high medical costs, which can directly affect the
quality of their care [5].

It is very important to improve this process, especially in
time-critical diseases such as heart attacks, which can result
in death. Significant advantages that can be achieved by
incorporating machine learning and deep learning methods
into the process:

* Prediction and optimization of disease using machine
learning,

+ Obtaining high-accuracy results with data by obtaining
real-time data over sensors with wearable technologies that
are a part of our daily life,

* Saving time and cost by offering deep learning
methods and semantic approaches in clinical decisions
made by field experts,

* Developing knowledge about the field by combining
with decision support systems for analysis in disease
research and treatment stages.

I1II. OVERVIEW

A. Search Strategy

46 resources were collected in line with the criteria set in
Google Scholar. Search criteria:

» Keywords: Heart attack prediction,machine learning in
heart attack prediction, deep learning in heart attack
prediction, etc.

 Language: Turkish and English
* Period: 01.01.2020 - 31.10.2022

B. Related Works

The general information of the reviewed studies is listed
in Table 1. More detailed explanations about some of the
studies are given below.

[5] presents a method to investigate the factors affecting
heart attacks by using the recurrent group model of the data
processing neural network (Recurrent GMDH Neural
Network) over two separate data sets. The results of the
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proposed algorithm are compared with PNN, RBF, GRU and
LSTM methods on two data sets. The results show that the
proposed method outperforms the other four methods with
99% accuracy.

In [16], a novel feature selection and trait sequencing
approach is proposed to filter out high-preference traits that
help in early detection of heart attack. Since the contribution
capacity of different features varies proportionally, a variable
feature combination (VCF) algorithm is proposed and
probabilistic principal component analysis (PPCA) is applied
to improve feature extraction. The predicted feature vectors
are analyzed according to their covariance and the vectors
with the highest covariance are determined by PPCA. Thus,
VCF and PPCA reduce the dimensionality of the data set by
overcoming the dimensionality problem. Selected salient
features are subjected to multiple linear regression (MLR)
and tightly related combinations are identified. They are also
passed through radial basis function (RBF) based support
vector machines (SVM) for classification. The two classes
created by SVM include patients with and without MI. The
clinical tests of the patients are taken as a data set for
analysis and the performance of the system is measured.
Predicted patients and mortality are correlated to measure
system performance. The combination of these machine
learning algorithms with selected symptoms defines
myocardial predictions. The results show that the planned
framework is suitable for estimating Mls.

In [28], feature extraction approaches for heart disease
prediction and classification using ensemble deep learning
are proposed. First, preprocessing was performed using
image resizing and contrast enhancement. Afterwards,
segmentation was performed using Mask Zone-Based
Convolutional Neural Network (RCNN). Segmented result,
extracted features using SIFT and ALEXNET. Hybrid
Classification was performed with a combination of Random
forest and Gaussian Navy Bayes to detect heart attack. In
ALEXANET feature extraction method, Gaussian NB
produced the most successful result with 91.99%.

In [38], a Highly Random Tree (Extra-Tree) algorithm
was applied to identify important attributes and compared
different base classifiers and Bagging and Amplification
ensemble-based machine learning techniques for -early
prediction of myocardial infarction. The study shows that,
using the relevant features, the Bagging Method with
Random Forest base classifier achieves a prediction accuracy
of 96.50%, significantly outperforming the result of other
ensemble methods.

Table 1: Related Works

Algorithm(s) Model Data set(s) Evaluation
Success Metric(s)
[5] Proposed model: * 99 % Custom Accuracy,
Recurrent GMDH Computatio
neural network nal time,
Precision,
Recall,
[6] Logistic 92 % UCI Heart Accuracy,
Regression, Naive Disease AUC, F1-
Bayes, Support Score,
Vector Machine, * Precision,
XGBoost Recall,
ROC
[7] * Neural Additive 87 % Custom Accuracy,
Models, Decision F-Score

Tree, Logistic
Regression,
XGBoost, SCORE



[19]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Artificial Neural
Network, *
Convolution
Neural Network

Decision Tree, *
Random Forest

Logistic
Regression,
Random Forest

Recurrent Neural
Network

Decision Tree, K-
Nearest Neighbor,
Linear Regression,
Naive Bayes,
Random Forest

Gradient Boosting,
* Naive Bayes, K-
Nearest Neighbor

* Logistic
Regression

* Support Vector
Machine

Artificial Neural
Network, Decision
Tree, K-Nearest
Neighbor, Logistic
Regression, Naive
Bayes, Random
Forest, * Support
Vector Machine

Proposed model:
*IGS: Integrated
genetic algorithm
and support vector
machine

* K Nearest
Neighbor

* Artificial Neural
Network,
Ensemble learning
- AdaBoost,
Ensemble
learning-
baggingvote, K-
Nearest Neighbor,
Logistic
Regression, Naive
Bayes, Support
Vector Machine

Gaussian Naive
Bayes, K-Nearest
Neighbor, Simple
Linear Regression,
* RBF Support
Vector Machine

Multiple
Regression
Analysis

98 %

95 %

92 %

83 %

94,28 %

87 %

94,98 %

85,56 %

72,37 %

96 %

80 %

41,9 %

UCI Heart
Disease

UCI Heart
Disease

Custom

UCI Heart
Disease

UCI Heart
Disease

Custom

UCI Heart
Disease

Custom

Kaggle-
Cardiovascul
ar Disease

UCI Heart
Disease

Custom
(sensors)

Kaggle

Accuracy,
F-Score,
Precision

Accuracy

Accuracy,
AUC

Accuracy,
F1-Score,
Precision,
Recall

Accuracy

Accuracy,
AUC, F-
Score,
Precision,
Sensitivity,
Specificity

Accuracy,
AUC,
Sensitivity,
Specificity,
ROC

Accuracy,
F1-Score,
Precision,
Recall

Accuracy,
F1-Score,
Precision,
Recall,
ROC,
Computatio
nal time

Accuracy
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[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Delta-Bar-Delta
Learning,
Levenberg
Marquardt
Algorithm, *
Neural Network -
Backpropagation,
Quickprop

* K-Nearest
Neighbour,
Random Forest

Decision Tree,
Logistic
Regression,
Random Forest, *
Gradient Boosting

Proposed model: *
HRFLM (hybrid
random forest
linear model)

Proposed model:
*

StackingCVClassi
fier, Decision
Tree, Extreme
Gradient Boost,
Logistic
Regression, Naive
Bayes, Random
Forest, K-Nearest
Neighbour,
Support Vector
Machine

* Gaussian Naive
Bayes, Random
Forest

Decision Tree,
Logistic
Regression, *
Random Forest, *
K-Nearest
Neigbour

* Support Vector
Machine

Atrtificial Neural
Network, KNN,
Decision Tree, *
Random Forest,
Support Vector
Machine, Naive
Bayes

K-Nearest
Neighbour,
Multilayer
Perceptron, *
Random forest

K-Nearest
Neighbors,
Decision Tree,
Gaussian Naive
Bayes, K-Nearest
Neighbors,
Logistic
Regression, *
Random Forest,
Support Vector
Machine

99,3 %

91,8 %

85,5 %

88,7 %

91 %

91,99 %

90 %

83 %

98,05 %

96 %

UCI Heart
Disease

Kaggle-
Cardiovascul
ar Disease

NIH -
Framingham,
UCI - Statlog

UCI Heart
Disease

MS COCO,
EchoNet
Dynamic

UCI Heart
Disease

UCI Heart
Disease

UCI Heart
Discase

Custom

Kaggle -
Stroke
Prediction

Accuracy,
Mean
Square
Error

Accuracy

Accuracy

Accuracy,
F1-Score,
Precision

Accuracy,
F1-Score,
Precision,
Recall

Accuracy,
F1-Score,
Precision,
Recall

Accuracy

Accuracy

Accuracy,
Computatio
nal time

ROC, AUC

Accuracy,
AUROC,
F1-Score,
Precision,
Recall



[34]  * Proposed model: 98,8 % UCI Heart Accuracy,
Super Learner Disease, F1-Score,
(Decision Tree + Mendeley - Precision,
CatBoost), Cardiovascul ~ Recall
Logistic ar Disease,

Regression is a Custom
meta learner

[35]  * Decision Tree, 90,79 %  UCI Heart Accuracy
Gaussian Naive Disease
Bayes, K-Nearest
Neighbors,

Logistic
Regression,
Random Forest,
Support Vector
Machine
[36] * Random Forest 80 % Custom Accuracy
(sensors)
371 - - Custom Largest
(sensors) average
error

[38]  Decision Tree, K- 96,5 % Custom Accuracy,
Nearest Neighbor, Cohen’s
Naive Bayes, * kappa
Random statistics,
Forest,Support F1-Score,
Vector Machine Precision,

Recall,
ROC

[39] Decision Tree, K- 76 % Custom Accuracy,
Nearest F-Score, G-
Neighbors, Score,
Logistic Precision
Regression,

Random Forest,
Support Vector
Machine

[40]  * Convolutional 75 % Custom Accuracy,

Neural Network F1 Score,
Sensitivity,
Specificity

[41] - - - -

[42]  * Bagging Trees, 98,89 %  UCI Heart Accuracy,
Extreme Learning Disease Sensitivity,
Machines, K- Specificity
Nearest
Neighbors,

Logistic
Regression,
Support Vector
Machine

[43]  * Rule-based 93,33 %  Custom Accuracy,
decision making (sensors) Sensitivity,

Specificity

[44]  * Artificial Neural 88.51 UCI Heart Accuracy
Network % Disease

[45]  * Artificial Neural 93,81 %  The Accuracy
Network, Decision Physoinet -

Tree, Logistic Classificatio

Regression, n of Heart

Random Forest, Sound

Support Vector Recordings,

Machine Kaggle -
Cardiovascul
ar Disease

Identify applicable funding agency here. If none, delete this text box.
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[46]  * Proposed model: 94 % PTB AUROC,
Convolutional Diagnostic Precision,
Neural Network + ECG Sensitivity,
Long-Short Term Database Specificity
Memory

[47]  * Proposed model: 84,84 % PTB Accuracy,
Firefly Algorithm Diagnostic F-Measure,
+ Convolutional ECG Precision,
Neural Network Database Recall,

Specificity,
Sensitivity

[48]  Decision Tree, K- 97 % Custom Accuracy,
Nearest Neighbor, Precision,
Naive Bayes Recall

[49]  * Proposed model: Custom Root Mean
Lasso regression, Square
Multiple Linear Error
Regression, Ridge (RMSE)
Regression

[50] Proposed model: 95,4 % UCI Heart Specifity
Ensemble Drivel Disease
Neural Network

Iv. CONCLUSION

Heart attack is an important cause of illness and death in
the world, so diagnosis of this disease is vital. Although
significant advances have been made in the diagnosis and
treatment of heart attack, more research is needed. Machine
learning and deep learning methods can be used to extract
useful information from large amounts of data in the
healthcare industry.

V. FUTURE WORKS

In the study, the studies that were open to public access
on Google Scholer between 2020 and 2022 were
systematically examined and presented as main
demonstrations to shed light on researchers in this field. In
future studies, it is planned to contribute to the field by
expanding and elaborating the scope of the study.
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Abstract— The Internet of Things (loT) enables the
emergence of huge amounts of time series data. Hence, the
classification/clustering of time series data is a hot research
field in data mining. Deep embedded clustering (DEC) is a
novel unsupervised learning algorithm that concurrently
devises the feature representations and cluster assignments. In
this study, the performance of DEC on IoT time series data is
investigated. Therefore, two variants of DEC are considered
for the performance assessment on loT time series data. The
first deep clustering algorithm is the original DEC which uses
k-means in the clustering layer while the second deep
clustering algorithm is DEC using the mean shift method in the
clustering layer. In the experiments, nine datasets from the
UCR time series classification archive are wused. The
experimental results reveal that DEC using the mean shift
shows better clustering performance than DEC using k-means
on loT time series data when there are enough data samples in
the dataset to set apart the clusters. Otherwise, DEC using k-
means will be a better choice to perform clustering tasks on
10T time series data.

Keywords—deep clustering, iot,
unsupervised learning

time series clustering,

I. INTRODUCTION

The Internet of Things (IoT) systems denominate
different applications activated and facilitated by sensors,
actuators, instruments, and other devices, that are connected
with each other [1].

Through the prevalence of loT, time series have
excessively emerged in many fields ranging from
engineering, clinical medicine, and biology to climate
research and social science. Various time series patterns have
been generated and used in applications related to intelligent
transportation, political science, population dynamics,
banking, marketing, economy, audio and video signals, etc
[2-5]. Time series data mining can discover useful patterns
and characteristics. Therefore, the classification/clustering of
time series data is a hot research field in data mining [5].

With data storage and computing power progress, the
increasing interest in machine learning to analyze big data
has been viewed [6, 7, 8]. Classification is a prominent
research field in supervised machine learning. In
classification, the correct class labels must be known to train
the algorithms. Time series classification is an issue
encountered by researchers from various domains such as
physics, medicine, biology, and finance. However, the
knowledge discovery in this field has been increasing
continuously [6, 9].
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As well to supervised machine learning, unsupervised
machine learning is another important research field to
investigate the data. Unsupervised methods depend merely
on similarities in the data, and these methods do not require
tagging the training data. Therefore, these techniques are
considered when tagged training data or correct class labels
are not possible and favorable to appoint [6]. Time series
clustering that is an unsupervised machine learning technique
aims at exploring groups within the data without utilizing the
class labels [6].

Time series clustering has been studied over the past
decades and many approaches have been asserted. Some
time series clustering approaches [10, 11, 12, 13, 14] based
on hierarchical, partitional, model-based, and density-based
clustering methods have been proposed. And also, some
multi-step methods that emphasize improving algorithms and
submitting a new model (generally a hybrid method) to
cluster time series data have been suggested [15-31].

According to the literature, most of the previous works of
deep clustering methods have focused on vision-based data
since the vision-based data are inexpensive and effortless to
gather with respect to the sensor-based data [24]. On the
other hand, Cisco [32] has predicted that there would be
about 14.7 billion loT devices by 2023, and each of them
would produce its own data. As a result, 10T time series data
are increasingly important to provide the accomplishment of
data-driven applications.

Deep embedded clustering (DEC) [33] is a recent
unsupervised algorithm based on a deep neural network
(DNN) that concurrently discovers feature representations
and cluster appointments. “DEC learns a mapping from the
data space to a lower-dimensional feature space in which it
iteratively optimizes a clustering objective” [33]. The
experimental evaluations have been performed on image and
text corpora, and the results show considerable amelioration
over state-of-the-art methods that are k-means, local
discriminant models and global integration (LDMGI), and
spectral embedded clustering (SEC).

Relying on the aforementioned motivations, the
clustering performance of DEC on loT time series data is
investigated in this paper. For the performance evaluation,
two variants of DEC are considered. The first DEC is the
original one which uses k-means clustering method in the
clustering layer while the second DEC uses the mean shift
clustering method in the clustering layer.

The rest of the paper is organized as follows: In the next
section, the basic ideas underlying clustering and
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optimization are given for DEC. A detailed description of the
datasets and the experimental setup are presented in Section
3. In Section 4, the experimental results are delivered and
discussed. At last, the paper is concluded in Section 5.

Il. DEep EMBEDDED CLUSTERING (DEC)

Contemplate the clustering problem of a set of n data
points {x; € X}, into k clusters and each of cluster
centroid which is indicated by u;,j = 1, 2, ..., k. Rather than
clustering directly in the data space X , the data is
transformed with a non-linear mapping fy: X — Z, where 0
and Z stands for learnable parameters and latent feature
space. The dimensionality of Z is smaller than X to refrain
from the curse of dimensionality [33, 34]. In order to
parameterize fy, DNNs are plausible to ensure function
approximation and to learn features [33, 35, 36].

DEC performs data clustering by concurrently learning k
cluster centroids {u; € Z}ﬁ?=1 in the latent feature space Z
and the paremeters & mapping data points into the latent
space. DEC consists of two stages: (1) parameter initilization
with a deep auto-encoder [33, 37] and (2) parameter
optimization, that is clustering. In the optimization stage, we
compute the target distribution and minimize the Kullback—
Leibler (KL) divergence iteratively [33]. The network
structure of DEC is illustrated in Fig. 1.
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Fig. 1. The network structure of DEC [33].

A. Clustering with KL Divergence

Designated an initial estimation of f, and the initial
cluster centers {u; € Z}le, the clustering is enhanced by
employing an unsupervised algorithm which utilizes the two
steps. A soft assignment is calculated between the embedded
points and the cluster centers in the first step. The mapping
fo is updated and the cluster centers are improved by
learning from the existing high confidence assignments using
additional target distribution in the second step. This
operation is reiterated until a termination criterion is reached
[33].

a) Soft Assignment: The Student’s t-distribution is
used as a kernel to specify the similarity between embedded
point z; and the cluster center ;. The probability of
assigning data sample i to j¢* cluster (q;;) is formulated in

Eq. (2).
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where z; = fy(x;) € Z and « are the degrees of freedom of
the Student’s t-distribution [34].

b) KL Divergence Minimization: In DEC, the
objective is defined as KL divergence loss between the soft
assignments q; and the additional distribution p; and
formulated as follows:

L =KL(P||Q) = ¥;3; p,-jlogj—jj )
o qij?/f
P = S aitn ©)

where f; =X q;; represents soft cluster frequency. The
training strategy adopted in DEC is a variant of self-training
[38]. According to the algorithm, an initial classifier and an
unlabeled dataset are taken, then the dataset are labeled with
the classifier to train by using these high confidence
estimations. In each iteration, DEC makes progress by
learning from the high confidence predictions, enabling it to
ameliorate the low confidence ones.

¢) Optimization: In DEC, the cluster centroids {u;}
and DNN parameters 6 are concurrently optimized by
employing Stochastic Gradient Descent (SGD) with
momentum. With respect to each embedded data point z;
and each cluster center u;, the gradients of the error are
calculated as:

aL +1 llzi—wj)2\ 1

a_zi:aTZf(l +T]) X (pij— i) i — ) (4)
oL 1 IZi—rj2\ "t

Frr _%Zi (1 + %) x (py — 4y) (i — 1) (5)

The gradients of the embeddings are presented to the DNN
and employed to compute the gradients of the DNN
parameters 6, i.e. dL/06, to perform standard
backpropagation.

B. Parameter Initilization

In this section, how the DNN parameters 6 and the
cluster centroids {u;} are initialized is described. DEC is
started with a stacked auto-encoder (SAE) since the latest
research has brought into the open that SAEs steadily
generate semantically meaningful and discriminative
representations  of  real-world data [33, 37-39].
Consequently, the feature representation learned by SAE
inherently makes the learning of clustering representations
possible through DEC [34]. Based on the algorithm DEC,
SAE is initialized layer by layer and each layer is a
denoising auto-encoder trained in order to rebuild the
preceding layer’s output following a random breakdown
[33, 37]. A denoising auto-encoder is a two-layer neural
network, and it is defined as:

X~Dropout(x) (6)
h=g,(W, X+ by) (7
h~Dropout(h) (8)
y = g2(Wih + by) ©)



where  Dropout(.) [40] is a random mapping, which
adjusts a certain rate of its input dimensions as 0, g, and g,
are activation functions for encoding and decoding layers,
and the DNN parameters 6 = {W,, W,, b,, b,}. Training of
the model is accomplished by minimizing the least-squares
errors ||x — v||3. Following the training of a layer, its output
h is used the input for the training of successor layer. In
DEC, rectified linear units (ReLUs) [41] are employed in all
encoder-decoder pairs except for g, of the first pair and g,
of the last pair. For the first g,, it is required to rebuild input
data that may have positive and negative values. For the last
g1, the ultimate data embedding keeps all information.
Following the greedy layer-based training, all encoder layers
followed by all decoder layers are concatenated to constitute
a deep auto-encoder and finetuned to minimize
reconstruction error in reverse layer-based training order. As
a result, what turns out is a multilayer deep auto-encoder
that includes a central bottleneck coding layer. After that,
the decoder layers are eliminated and the encoder layers are
used for the initial mapping between the data space and the
feature space.

For the initialization of the cluster centroids, the data is
passed through the initialized DNN to obtain embedded data
points, and then, the standard k-means clustering is
implemented in the latent space Z to get the initial k centers

{llj}?:r

In this study, as a second DEC algorithm, the mean shift
clustering method is used to set the initial cluster centroid
instead of k-means clustering employed in original DEC
[33]. The mean shift is widely used in real-world data
analysis. Also, it’s non-parametric and doesn’t require any
predefined shape of the clusters in the feature space.
Therefore, in this paper, a performance comparison of DEC
using the mean shift versus DEC using k-means for 10T time
series data is presented.

I1l. EXPERIMENTAL SETUP AND DATASETS

In this study, the commonly used parameters for DNNs
are used to avoid dataset specific tuning as much as possible.
Therefore, the network dimensions are set to d-500-500—
2000-10 for all datasets, where d represents the length of the
time series instances in the dataset. In the network, all layers
are densely (fully) connected. Each layer is pre-trained for
50000 iterations with a dropout rate of 20%. The entire deep
auto-encoder is further fine-tuned for 100000 iterations
without dropout. For both layer-wise pre-training and end-to-
end fine-tuning of the auto-encoder the mini-batch size is set
to 256, starting learning rate is set to 0.1, which is divided by
10 every 20000 iterations, and weight decay is set to 0. For
the initialization of the cluster centroids, k-means algorithm
is run 20 times and the best solution is used as the initial
cluster centroids in the clustering layer [33]. To evaluate the
performance of DEC based on the mean shift clustering
algorithm, the initial clustering centroids are obtained from
the mean shift method instead of k-means in the clustering
layer. The implementation is performed using Keras API on
Google Colab platform. The GPU dedicated by Google
Colab System for the experiments is NVIDIA Tesla T4. The
average run time for each dataset is around 2 hours.

TABLE I DESCRIPTIONS OF THE DATASETS

Dataset Length # of | # of
Instances Classes
StarLightCurve 1024 9236 3
ECG5000 140 5000 5
Wafer 152 7174 2
FordA 500 4921 2
FordB 500 4446 2
HandOutlines 2709 1370 2
SemgHandGenderCh2 1500 900 2
ProximalPhalanxOutlineAge 80 605 3
ProximalPhalanxOutlineCorrect | 80 891 2

In the experiments, nine datasets from the UCR time
series classification archive [42] are utilized to evaluate the
performances of the deep clustering algorithms. The
descriptions of the datasets are given in Table I. According to
Table I, the lengths of the time series vary between 80 and
2709, and the numbers of time series instances change
between 605 and 9236. At the same time, the numbers of
classes of the time series datasets are 2, 3, and 5.

IV. RESULTS AND DISCUSSION

In this section, the clustering performances of the
algorithms are given. For the performance comparison, the
external clustering metric, i.e. accuracy, is used. In Table II,
the clustering accuracies of DEC algorithms using the mean
shift and k-means are presented.

TABLE Il PERFORMANCES OF THE DEEP CLUSTERING ALGORITHMS
Accuracy (%)
Dataset DEC using DEC using K-
Mean Shift means
StarLightCurve 81.6% 74.6%
ECG5000 89.7% 71.2%
Wafer 100% 71.6%
FordA 100% 50%
FordB 100% 53.3%
HandOutlines 70% 79.5%
SemgHandGenderCh2 60% 60%
ProximalPhalanxOutlineAge 73% 79%
ProximalPhalanxQOutlineCorrect | 61.7% 61.5%
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From the observed results in Table I1, it can be found that
DEC based on mean shift achieves better clustering results
on loT time series data than DEC based on k-means in
general. DEC using the mean shift produces satisfactory
clustering accuracies on the datasets that are Star Light
Curve, ECG 5000, Wafer, Ford A, and Ford B.

On the other hand, DEC based on the mean shift can
reach maximum clustering accuracies of 73% on the Hand
Outlines, Semg Hand Gender Ch2, Proximal Phalanx Outline
Age, and Proximal Phalanx Outline Correct datasets.




However, DEC using k-means can achieve maximum
clustering accuracy of 79.5% for all datasets. Over the Ford
A and Ford B datasets, DEC based on k-means produces
unsatisfactory clustering accuracies that are 50% and 53.3%
respectively.

On the Semg Hand Gender Ch2 and Proximal Phalanx
Outline Correct datasets, DEC using k-means and DEC using
the mean shift show the same performances. On the Hand
Outlines and Proximal Phalanx Outline Age datasets, DEC
using k-means performs better than DEC using the mean
shift.

Looking at the descriptions of the datasets in Table I, it
can be seen that the datasets Star Light Curve, ECG 5000,
Wafer, Ford A, and Ford B contain adequate time series
samples to separate the clusters. But, the datasets Hand
Outlines, Semg Hand Gender Ch2, Proximal Phalanx Outline
Age, and Proximal Phalanx Outline Correct do not include
enough instances to set apart the clusters.

When an overall assessment is made based on the
experimental results, it can be concluded that if there are
enough data samples, DEC based on the mean shift can yield
better clustering results compared to DEC using k-means. On
the contrary, if the dataset does not have enough instances,
DEC based on k-means is a better choice than DEC based on
the mean shift for 10T time series data.

V. CONCLUSION

Through the prevalence of loT, time series have been
widely used in many fields ranging from engineering to
social science. Time series data mining can discover useful
patterns and characteristics. Therefore, the
classification/clustering of time series data is a hot research
field in data mining. Deep embedded clustering (DEC) is a
recent unsupervised algorithm using a deep neural network
that simultaneously explores the feature representations and
cluster appointments. Motivated by this idea, the
performance of DEC on loT time series data is investigated
in this paper. For the performance evaluation, two variants
of DEC are considered. The first deep clustering method is
the original DEC which is based on k-means, while the
second DEC is based on the mean shift clustering algorithm.
According to the experimental results, DEC using the mean
shift shows better clustering performance than DEC using k-
means in general. However, if the dataset does not have
adequate samples, DEC based on k-means will be a better
choice to perform the clustering tasks on loT time series
data.

REFERENCES

[1] Y. Guo, T. Ji, Q. Wang, L. Yu, G. Min, and P. Li, “Unsupervised
anomaly detection in loT systems for smart cities,” IEEE Trans.

Netw. Sci. Eng, vol. 7, no. 4, pp. 2231-2242, 2020.

M. Krawczak, and G. Szkatuta, “An approach to dimensionality
reduction in time series,” Inf. Sci., vol. 260, pp. 15-36, 2014.

G. Yuan, P. Sun, J. Zhao, D. Li, and C. Wang, “A review of moving
object trajectory clustering algorithms,” Artif. Intell. Rev., vol. 47, no.
1, pp. 123-144, 2017.

J. Soto, O. Castillo, P. Melin, and W. Pedrycz, “A new approach to
multiple time series prediction using MIMO fuzzy aggregation
models with modular neural networks,” Int. J. Fuzzy Syst., vol. 21,
no. 5, pp. 1629-1648, 2019.

[2
(3]

(4]

29

[5] H. Li, J. Liu, Z. Yang, R. W. Liu, K. Wu, and Y. Wan, “Adaptively
constrained dynamic time warping for time series classification and

clustering,” Inf. Sci., vol. 534, pp. 97-116, 2020.

G. Bode, T. Schreiber, M. Baranski, and D. Miiller, “A time series
clustering approach for building automation and control systems,”
Appl. Energy, vol. 238, pp. 1337-1345, 2019.

R. Alfred, “The rise of machine learning for big data analytics,” in
2016 2nd International Conference on Science in Information
Technology (ICSITech), Balikpapan .

H. Bangui, M. Ge, and B. Buhnova, “Exploring Big Data Clustering
Algorithms for Internet of Things Applications,” in 10TBDS (pp. 269-
276) .

J. Zakaria, A. Mueen, and E. Keogh, “Clustering time series using
unsupervised-shapelets,” in 2012 IEEE 12th International Conference
on Data Mining (pp. 785-794).

T. Oates, M. D. Schmill, and P. R. Cohen, “A method for clustering
the experiences of a mobile robot that accords with human
judgments,” in AAAI/IAAL, 2000, pp. 846-851.

[11] J. Beringer, and E. Hullermeier, “Online clustering of parallel data
streams,” Data Knowl. Eng., vol. 58, no. 2, pp. 180-204, 2006.

[12] D. Tran, and M. Wagner, “Fuzzy c-means clustering-based speaker
verification,” in AFSS International Conference on Fuzzy Systems,
2002, pp. 318-324.

[13] A. Bagnall, and G. Janacek, “Clustering time series with clipped
data,” Mach. Learn., vol. 58, no. 2, pp. 151-178, 2005.

[14] S. Chandrakala, and C. C. Sekhar, “A density based method for
multivariate time series clustering in kernel feature space,” in 2008
IEEE International Joint Conference on Neural Networks (IEEE
World Congress on Computational Intelligence), pp. 1885-1890.

[15] S. Aghabozorgi, A. S. Shirkhorshidi, & T. Y. Wah, “Time-series
clustering—a decade review,” Inf. Syst., vol. 53, pp. 16-38, 2015.

[16] C. P. Lai, Chung, and V. S. Tseng, “A novel two-level clustering
method for time series data analysis,” Expert Syst. Appl., vol. 37, no.
9, pp. 6319-6326, 2010.

[17] S. Aghabozorgi, and Y. W. Teh, “Stock market co-movement
assessment using a three-phase clustering method,” Expert
Syst. Appl., vol. 41, no. 4, pp. 1301-1314, 2014.

[18] C. Péalat, G. Bouleux, and V. Cheutet, “Improved time series
clustering based on new geometric frameworks,” Pattern Recognit.,
vol. 124, pp. 108423, 2022.

[19] B. Cai, G. Huang, N. Samadiani, G. Li, and C. H. Chi, “Efficient time
series clustering by minimizing dynamic time warping utilization,”
IEEE Access, vol. 124, pp. 46589-46599, 2021.

A. Li, S. Xiong, J. Li, S. Mallik, Y. Liu, R. Fei, ... and G. Liu,
“AngClust: Angle feature-based clustering for short time series gene
expression profiles,” IEEE/ACM Trans. Comput. Biol. Bioinform.,
2022.

W. Hussain, J. M. Merigd, M. R. Raza, and H. Gao, “A new QoS
prediction model using hybrid IOWA-ANFIS with fuzzy C-means,
subtractive clustering and grid partitioning,” Inf. Sci., vol. 584, pp.
280-300, 2022.

S. Pasupathi, V. Shanmuganathan, K. Madasamy, H. R. Yesudhas,
and M. Kim, “Trend analysis using agglomerative hierarchical
clustering approach for time series big data,” J Supercomput., vol. 77,
no. 7, pp. 6505-6524, 2021.

B. Lafabregue, J. Weber, P. Gancarski, and G. Forestier, “End-to-end
deep representation learning for time series clustering: a comparative
study,” Data Min. Knowl. Disc., vol. 36, no. 1, pp. 29-81, 2022.

L. M. Dang, K. Min, H. Wang, M. J. Piran, C. H. Lee, and H. Moon,
“Sensor-based and vision-based human activity recognition: A
comprehensive survey,” Pattern Recognit., vol.108, pp. 107561,
2020.

Y. Djenouri, D. Djenouri, A. Belhadi, G. Srivastava, and J. C. W. Lin,

“Emergent deep learning for anomaly detection in internet of
everything,” IEEE Internet Things J., 2021.

A. C. Onal, O. B. Sezer, M. Ozbayoglu, & and. E. Dogdu, “MIS-IoT:
Modular intelligent server based internet of things framework with
big data and machine learning,” in 2018 IEEE International
Conference on Big Data (Big Data), pp. 2270-2279.

Y. Tang, Y. Xie, X. Yang, J. Niu, and W. Zhang, “Tensor multi-
elastic kernel self-paced learning for time series clustering,” IEEE
Trans. Knowl. Data Eng., vol. 33, no. 3, pp. 1223-1237, 2019.

(6]

(71

(8]

(9]

(10]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]



[28] G. Anand, and R. Nayak, “DeLTa: Deep local pattern representation
for time-series clustering and classification using visual perception,”
Knowl Based Syst., vol. 212, pp. 106551, 2021.

Q. Wang, Y. Guo, L. Yu, X. Chen, and P. Li, “Deep Q-network-based
feature selection for multisourced data cleaning,” IEEE Internet
Things J., vol. 8. no. 21, pp. 16153-16164, 2020.

N. Tavakoli, S. Siami-Namini, M. Adl Khanghah, F. Mirza Soltani,
and A. Siami Namin, “An autoencoder-based deep learning approach
for clustering time series data,” SN Appl. Sci., vol. 2. no. 5, pp. 1-25,
2020.

H. Y. Teh, I. Kevin, K. Wang, and A. W. Kempa-Liehr, “Expect the
unexpected: unsupervised feature selection for automated sensor
anomaly detection,” IEEE Sens. J., vol. 21. no. 16, pp. 18033-18046,
2021.

Cisco, “Cisco annual Internet report (2018-2023),” Cisco Syst., San
Jose, CA, USA, White Paper 11-741490, 2020. [Online]. Available:
https://www.cisco.com/c/en/us/solutions/collateral/executiveperspecti
ves/annual-internet-report/white-paper-c11-741490.html.

J. Xie, R. Girshick, and A. Farhadi, “Unsupervised deep embedding
for clustering analysis,” in International Conference on Machine
Learning, pp. 478-487, 2016.

R. Bellman, Adaptive Control Processes: A Guided Tour. Princeton
University Press, Princeton, New Jersey, 1961.

[29]

[30]

[31]

[32]

[33]

[34]

30

[35] K. Hornik, “Approximation capabilities of multilayer feedforward
networks,” Neural Netw., vol. 4. no. 2, pp. 251-257, 1991.

[36] Y. Bengio, A. Courville, and P. Vincent, “Representation learning: A
review and new perspectives,” IEEE Trans. Pattern Anal. Mach.
Intell., vol. 35. no. 8, pp. 1798-1828, 2013.

P. Vincent Pascalvincent, L. Larocheh, and H. S. D. Autoencoders,
“Learning Useful Representations in a Deep Network with a Local
Denoising Criterion Pierre-Antoine Manzagol,” J. Mach. Learn Res.,
vol. 11, pp. 3371-3408, 2010.

G. E. Hinton, and R. R. Salakhutdinov, “Reducing the dimensionality
of data with neural networks,” Science, vol. 313, no. 5786, pp. 504-
507, 2006.

[39] Q. V. Le, “Building high-level features using large scale unsupervised

learning,” in 2013 IEEE international conference on acoustics, speech
and signal processing, pp. 8595-8598.

[40] N. Srivastava, G. Hinton, A. Krizhevsky, |. Sutskever, and R.
Salakhutdinov, “Dropout: a simple way to prevent neural networks
from overfitting,” J. Mach. Learn. Res., vol. 15, no. 1, pp. 1929-1958,
2014.

[41] V. Nair, and G. E. Hinton, “Rectified linear units improve restricted
boltzmann machines,” in ICML.

[42] https://www.cs.ucr.edu/~eamonn/time_series_data/

(37]

(38]



https://www.cisco.com/c/en/us/solutions/collateral/executiveperspectives/annual-internet-report/white-paper-c11-741490.html
https://www.cisco.com/c/en/us/solutions/collateral/executiveperspectives/annual-internet-report/white-paper-c11-741490.html
https://www.cs.ucr.edu/~eamonn/time_series_data/

Insan Viicudu Termal Goériintiilerinin U-Net ile
Segmentasyonu
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Ozet—Termal goriintiileme son yillarda gelisen termal
kamera teknolojileri ile beraber, bircok farkh sektorde
kullamlmaya baslayan bir aractir. insan viicut sicakliklarmn
gosterdigi asimetrik durumlarin enfeksiyon, enflamasyon gibi
cesitli rahatsizhiklarin bir belirteci oldugu bilinmektedir. Bu
asimetrilerin belirlenmesi icin gelistirilen goriintii isleme
yaklasimlarinda insan viicudunun dogru tespit edilmesi ve arka
plandan ayirt edilebilmesi olduk¢a onemlidir. Bu ¢alismada
insan alt ve iist ekstremite termal goriintiilerinden olusturulan
veri setleri ile U-Net segmentasyon modelleri gelistirilmistir.
Gelistirilen segmentasyon modellerinde alt ekstremite igin;
%86 dogruluk, %93 dice Kkatsayis1 ve %72 birlesimlerin
kesisimi (IoU), iist ekstremite icin; %92 dogruluk, %98 dice
katsayis1 ve %91 birlesimlerin kesisimi (IoU) degerleri elde
edilmistir.

Anahtar kelimeler—termal goriintiileme, segmentasyon, derin
ogrenme

I. GIRIS
Mutlak sifir derecenin iizerindeki her cisim bir 1s1ma
gerceklestirmektedir ve bu 1gimalar termal (infrared) enerji
yaymaktadir [1]. Cisimlerin yaydig1 bu 1s1ma enerjisi insan
goziiniin gorebilecegi goriiniir bolgeden daha yiiksek dalga
boyuna sahiptir. Infrared bolge elektromanyetik spektrumun
780nm — 1mm araligindaki alan olarak tanimlanmaktadir.

Cisimlerin yaydigi 1s1ma enerjisi ile cisimlerin sicaklik
degerleri dogru orantili olarak artip azalmaktadir. Bu ilkeye
dayanarak gelistirilen termal gdriintiileme/termografi;
cisimlerin yaydig1 kizilotesi radyasyonun toplanarak renkli
goriintiiler halinde dijitallestirilmesi olarak
tanimlanmaktadir.

Termografi otonom siiriise sahip araclar, tip, savunma
teknolojileri, gibi birgok farkli alanda kullanilmaktadir [2-4].
Termal goriintiilerde segmentasyon uygulamalari, &zellikle
cisimlerin arka plan ile olan sicaklik farkliliklarinin yiiksek
oldugu durumlar i¢in, en yaygm kullanim tekniklerinden
biridir. Termografi ile elde edilen termal goriintiilerin RGB
goriintiilere goére belirli avantajlart ve dezavantajlari
mevcuttur. RGB goriintiiler 1518a ve ¢evre kosullarina
fazlasiyla duyarli olduklart igin 1siksiz ortamlarda ve
olumsuz hava kosullarinda goriintillemede sorun yasarken,
termal goriintiileme bu durumlardan ¢ok az etkilenmektedir.

Chen ve ark. yapmis oldugu calismada en gelismis
semantik ~ segmentasyon  modellerinden  biri  olan
“DeepLabv3” mimarisini tanitmig, konvoliisyonel filtrelerde
goriis alanini arttirmay1 hedefleyen “atrous” oranlarina yeni
bir bakis agis1 getirmislerdir [5]. RGB ve termal goriintiiler
arasindaki farkliliklardan dolayt RGB  goriintiiler ile
gelistirilmis segmentasyon modelleri termal goriintiilerde
yiksek dogruluk gdstermemektedir. Bu nedenle termal
goriintiilerde segmentasyon islemleri i¢in farkli yaklagimlar
getirilmektedir. Li ve ark. termal goriintiilerde semantik
segmentasyon probleminin arastirildigi bu ilk caligmada,
Dijital kameralarin 1518a ¢ok fazla duyarli olmasi durumuna
kars1 olarak termal goriintiileme ile hem gece hem giindiiz
alman goriintiilerde semantik segmentasyon icin etkili bir
¢oziim Ttretmislerdir [6]. Termal goriintillerden olusan
“SODA” veri seti de bu calisma sonucunda tanitilmustir.
Panetta ve ark. sunduklari “FTNet” mimarisi ile termal
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gorlintiilerde semantik segmentasyon islemini, diisiik kenar
bilgisini birden fazla ¢oziiniirliikte yakalanan ozellikler ve
kenar ¢ozme kilavuzu ile yiiksek dogruluk ve disiik
hesaplama maliyeti ile gerceklestirmistir [7]. Termal
goriintiilerden olusan yiiksek sayida etiketli veri bulunduran
veri setleri RGB goriintiilerden olusan veri setlerine gore
oldukgea diisiik sayidadir. Kim ve ark. bu durumu g6z 6niinde
bulundurarak yiiksek sayida RGB goriintiilerle egitilmis bir
segmentasyon agindan transfer 6grenme gergeklestiren yer
etiketi olmadan RGB ve termal goriintii iizerinde alan
uyarlamasi yontemini temel alan denetimsiz bir “MS-UDA”
segmentasyon mimarisini geligtirmislerdir [8].

Insan viicudunun termal dagilimindaki asimetriler ile
cesitli enfeksiyon ve enflamasyonlar tespit edilebilmektedir
[9]. Termografi invazif olmayan bir goriintileme ydntemi
oldugu i¢in saglik sektoriinde son zamanlarda kullanim
alanlar1 artmaya baglamistir. Insan yiizey sicakliginin
dagilimidaki asimetrilerin tespit edilebilmesi ic¢in termal
goriintiilerde insan viicudunun arka plan goriintiisiinden
segmente edilmesine ihtiya¢ duyulmaktadir. Kim ve ark.
yaptiklart ¢aligmada diyabetik ayak teshisinde termal
goriintiileme ile asimetri analizi gergeklestirerek hastalik
tiplerinin dereceleri ile sicaklik asimetrilerinin baglantisini
arastirmig, ayn1 zamanda ayak goriintiilerinin segmentasyonu
icin hem dijital hem de termal gorlintileri beraber
kullandiklar1 ~ bir ~ “U-Net”  segmentasyon  modeli
gelistirmiglerdir [10].

Bu calismada insan viicudunun alt ve iist ekstremite
termal goriintiilerinden olusturulan iki ayr1 veri seti iizerinde
U-Net yapay zeka mimarisi ile segmentasyon modelleri
gelistirilmigtir. Termal gorlintiiler “Flir-E75” serisi termal
kameralar ile elde edilmistir. Termal kamera, 0.03°C
hassasiyetinde 320x240 boyutunda goriintiiler vermektedir.

II. MATERYAL- METOT

A. Veri Seti Olusturma

Bu bolimde egitim ve test islemlerinde kullanilmak
iizere insan viicudunun alt ve iist ekstremite goriintiilerinden
olugan veri setleri ve olusturulma yontemleri tanitilacaktir.
Her alt ve iist eckstremite icin 120ser adet orijinal
etiketlenmis goriintii bulunmaktadir. Bu orijinal gdriintiiler,
“PhotoShop” uygulamasi iizerinden insan viicudunun dis
cevresi isaretlenip arka plandan ayrilarak ikili (arka plan
beyaz, ilgili boliim siyah olacak sekilde) etiketlenmis
goriintiiler haline  getirilmigtir. Bu  ikili  goriintiiler
segmentasyon hedef goriintiileri olarak kaydedilmistir.

Alt goriintiiler icin 3808 adet, iist goriintiiler icin 4414
adet sentetik veri elde edilmistir. Veri artirma siirecinde
“Albumentations” gorme aract kullanilmistir [11]. Veri
artirma yontemi olarak parlaklik ayari, rastgele kirpma,
yatayda ¢evirme ve blurlama islemleri tercih edilmistir. Sek.
1’de veri artirma islemi sonucu ornek termal goriintiileri
goriilmektedir.



Sek.1. (a) orijinal goriintiiden elde edilen (b-c) sentetik veriler

(b’de parlaklik, c’de rastgele kirpma islemi uygulanmistir)

Model egitimi siirecinde elde edilen sentetik veriler
egitim isleminde, orijinal etiketlenmis goriintiiler ise test
islemlerinde kullanilmigtir. Sek. 2’de etiketlenmis orijinal
termal goriintii 6rnekleri goriilmektedir.
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Sek. 2. Ust ekstremite (a-b) ve alt ekstremite (c-d) i¢in 6rnek goriintiiler

B. U-Net Segmentasyon Modeli

Bu béliimde segmentasyon modeli olarak kullanilan U-
Net mimarisi tanitilacaktir. Ronneberger ve ark. tarafindan
tanitilan ~ U-Net  mimarisi, ~ Almanya’nin  Friburg
Universitesinde biyomedikal goriintii segmentasyonu icin
gelistirilmis evrigimsel bir sinir agidir (ESA) [12]. U-Net
mimarisinin en biiyiik avantaj1 az veri ile yiiksek performans
vermesi ve hizli ag yapisina sahip olmasidir.

U-Net bir koprii araciligr ile baglanan 4 kodlayici ve 4
kod c¢oziicii bloktan olugan U seklinde bir kodlayicv/kod
¢ozlici mimarisidir. Atlama baglantilart geri yayilim
sirasinda daha iyi gradyan akisina yardimer olmaktadir.
Boylece ag daha iyi 6grenmektedir. Kopyalama ve kirpma
baglantilari, maksimum havuzlama ve konvoliisyon iglemleri
sirasinda boyutlar1 kiigiilen ama Oznitelik degerleri artan
katmanlarda elde edilen bilgilerin resim iizerinde dogru
konumlandirilmasin1 ~ saglamak i¢in  kullanilmaktadir.
Calisma icin gelistirilen U-Net segmentasyon modelinin
mimarisi Sek. 3’de goriilmektedir.

Zﬂ InputLayer ' Lambda ' Conv2D ' Dropout . MaxPooling2D ‘Cﬂ Conv2DTranspose ' Concatenate

Sek 3. U-Net Segmentasyon Mimarisi

Cikis katmanindaki parametreler sigmoid aktivasyonu
ile 1x1 evrisiminden geger. Sigmoid aktivasyon islevi piksel
bazinda siniflandirmay1 temsil eden segmentasyon maskesini
verir. Es. 1°de sigmoid fonksiyonu goriilmektedir.
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Modelin egitim asamasinda “Adam” optimizasyon
yontemi kullanilmistir. Adam optimizasyon ydntemi yiiksek
boyutlu parametrelere sahip algoritmalar i¢in birinci
dereceden gradyanlar iceren hesaplama maliyeti diisiik son
teknoloji bir stokastik optimizasyon yontemi oldugu igin
tercih edilmistir [13].

Veri 6n igleme adimlart ile beraber veri setinin olusum
siireci ve model egitimi semas1 Sek. 4’de yer almaktadir.

e (Ktilar

Alt Orijinal Gorintiler

Alt Sentetik Goriintiiler

Sek. 4. Calismada Onerilen modelin egitim agamalari

Etiketlenmis veriler incelendiginde segmentasyon c¢ikis
parametrelerinin temelinde piksellerin degerlerinin siyah (0)
veya beyaz (1) olma olasiliklarini tahmin eden bir basit ikili
smiflandirma problemi oldugu goriilmektedir. Bu sebeple
cikis fonksiyonunda kayip fonksiyonu olarak “Binary Cross
Entropy” tercih edilmistir. Cross entropy tahmin edilen bir
smifin olasiliksal dogrulugunun logaritmik ifadesidir. Ikili
smiflandirmalarda sinif etiketleri 0 ve 1 olarak tahmin edildigi
icin c¢ikista iiretilen tahmin degerinin kayip fonksiyonu Es.
2’de oldugu gibi hesaplanabilir. Es. 2°de N degeri toplam ¢ikis
noktas1 sayisy, y; her ¢ikis noktasinin degerini temsil
etmektedir.

N
1
H(x) = _ﬁ; yi(logp(y:)) + (1 — yi) (log(1 — p(3))) (2)

C. Degerlendirme Metrikleri

Semantik segmentasyonda hedef maskelenmis goriintii ile
orijinal maskelenmis goriintii arasindaki benzerligin tanimi
icin birgok degerlendirme metrigi gelistirilmistir. Bu
¢alismada veriler ii¢ ayr1 metrik ile degerlendirilmistir.

e Piksel Dogrulugu (Pixel accuracy): Veri etiketlerinin
normal dagilim gostermedigi durumlarda tercih
edilmesi Onerilmeyen piksel dogrulugu parametresi,
bu uygulamada arka plan ve ilgili alan etiketlerinin
normal  dagilim  goéstermesi  goz  Oniinde
bulundurularak tercih edilmistir. Tahmin edilen her
piksel degerin dogru tahmin edilip edilmediginin
oransal bir gosterimi olarak tamimlanan piksel
dogrulugu parametresinin matematiksel tanimi Es.
3’de goriilmektedir.

DP + DN
DP + DN +YP +YN 3)
Es. 3 ve Es. 4’de DP dogru tahmin edilen pozitif
smifi, DN dogru tahmin edilen negatif sifi, YP
yanlis tahmin edilen pozitif smifi ve YN yanlis
tahmin edilen negatif sinifi temsil etmektedir.

piksel dogrulugu =




e Dice Katsayisti: Semantik segmentasyon olarak secilmistir. Olusturulan 2 ayr1 model iizerinde ayri ayri
uygulamalarinda en sik kullanilan metriklerden biri egitim islemi gerceklestirilmistir. Egitilen segmentasyon
olan dice katsayisinda, tahmin edilen alan etiketleri modellerinin test veri setleri iizerindeki dogruluk degerleri 3
ve orijinal alan etiketlerinin birbirini ne kadar ayr1 metrik kullamlarak elde edilmistir. Alt ve Ust ekstremite
icerdigi tammlanmaktadir. Tahmin ¢iktisinin hedef igin segmentasyon sonuglar1 Tablo 1°de goriilmektedir.
¢ikti ile tamamen Ortiigmesi durumunda dice

katsayist 1’1, higbir ortiisme olmamasi durumunda ise 4. Ust Ekstremite Veri Seti I¢in Degerlendirmeler:

dice katsayist 0 degerini g(:jstern}ektedir. Dice Ust ekstremite egitim veri seti 4414 adet sentetik
katsayisinin - matematiksel  ifadesi Es.  4’de veriden olusturulmustur. 120 adet orijinal etiketlenmis
goriilmektedir. goriintii  test seti olarak ayrillug  ve  model
: — 9, bp degerlendirmesinde kullanilmistir. Test sonuglarina gore

dice katsayist = 2 * . - - .
(DP +YP) + (DP +YN) @) piksel dogrulugu %92.70, ortalama IoU %91.79 ve dice
N Birlesimlerin Kesisimi (Intersection over Union katsayis1 degeri %98.87 olarak elde edilmistir. Sek. 5’de

(IoU)): Semantik segmentasyon uygulamalarinda en modellerin ¢ikti goriintileri yer almaktadir.

sik kullanilan metriklerden bir digeri olarak IoU )
tercih edilmektedir. Dice katsayisinda oldugu gibi B. Alt Ekstremite Veri Seti I¢in Degerlendirmeler:

¢ikis degerleri 0 ve 1 araliginda degismektedir. O, Alt ekstremite egitim veri seti 3808 adet sentetik
hedef goriintii ile ¢ikt1 gdriintiisiiniin arasinda yapisal veriden olusturulmustur. 120 adet orijinal etiketlenmis
bir benzerlik olmadigimi, 1 ise hedef ve ¢ikt1 goriintii, test seti olarak ayrilmistir. Test sonuglarina gore
goriintiilerinin tamamen Ortiitiigiinli gostermektedir. metrik sonuglart piksel dogrulugu igin %86.25, ortalama
“loU, iki goriintiin kesisen bolgelerinin Ortiisen IoU %7233 ve dice katsayis1 i¢in %92.49 olarak
goriintillerinde ne kadar Dbirbirini  kapsadigini kaydedilmistir.
tamimlamaktadir.  Es. 5’de  IoU  metriginin Ortalama IoU degerinin diger metrik sonuglarina gére
matematiksel tanimi goriilmektedir. daha diisiik dogruluk degeri gosterdigi dikkat cekmektedir.
Alt  ekstremite  goriintiilerinde, kullanilan  termal
Kesisim bolgesi kameranin onceden tamimlanms sabit ekran gorselleri
= (ortalama ortam sicaklik degeri, marka amblemi, tarih vs.)
orjfnal etiketli alan + tahmin edilmis alan = kesisim bélgest ) bazi  gorintilerde viicut bolimleri ile cakistig

gozlemlenmistir. Bu noktalarda modelin segmentasyon
performansimin distiigi ve bu durumun IoU degerini
1. DENEYSEL SONUCLAR etkiledigi degerlendirilmektedir. Sek. 6’da modellerin

Alt ve iist ekstremite goriintiileri ile olusturulmus 2 ayr1 omek gikty goriintiileri goriilmektedir.
veri seti lizerinde egitilen U-Net modeli i¢in epoch degeri 200

Tablo 1: Alt ve Ust Ekstremite I¢in Segmentasyon Sonuglart

Degerlendirme Metrikleri

Veri Seti
Piksel Dogrulugu (%) Ortalama IoU(%) Dice Katsayisi (%)
Ust Ekstremite 92.70 91.49 98.87
Alt Ekstremite 86.25 72.33 93.49

Orijinal Goriinti ~ Tahmin Sonucu Orijinal Sonug rijina Gérﬁnt Ta}ﬁm% ’ Onjnalsonug
n “ ‘
Sek. 5. Ust ekstremite model sonuglari Sek. 6. Alt ekstremite model sonuglart
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Bu c¢alismada alt ve st ekstremite termal
goriintiilerinin segmentasyonu U-Net ile
gerceklestirilmistir.

Alt ve iist olarak egitilen iki ayr1 modelde test veri
setleri iizerinden alinan sonuglara bakildiginda alt
ekstremite icin gelistirilen modelde piksel dogrulugu
%86.25, ortalama IoU %72.33 ve dice katsayis1 %93.49
olarak elde edilmistir. Ust ekstremite icin gelistirilen
modelde ise piksel dogrulugu %92.70, ortalama IoU
%91.49 ve dice katsayisi %98.87 olarak elde edilmistir.
Bu sonu¢ bu c¢alismanin sonucunda elde edilmesi
beklenen basari kriterini karsilamaktadir.

Alt ekstremite degerlendirmelerinde ortalama IoU
degerinin diger metrikler goz Oniine alindiginda disiik
sonug verdigi goriilmektedir.

Saglik sektoriinde hizla ilerleyen degerlendirme
modalitelerden biri olan termografi, insan viicudunun
sicaklik  dagilimlarinin  analizi i¢in  segmentasyon
tekniklerinin  gelistirilmesini  gerektirmektedir. Bu
calismada elde edilen sonuglar, sunulan veri seti ve
gelistirilen segmentasyon modellerinin basaris1 gdz dniine
alindiginda bu amag¢ dogrultusunda kullanilabilecegini
gostermektedir.

Bu calismada U-Net modeli, kisithi veri setlerinde
yiiksek segmentasyon sonuglari elde edilmesini sagladigi
i¢in tercih edilmistir. Termal goriintiileme siireci devam
etmekte ve veri seti boyutlar1 artirilmaktadir. Ileride
artirilmig veri setleri ile gelistirilecek diger modellerle de
karsilastirmalar yapilacaktir.
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Mermer Siniflandirma Problemi I¢in Giivenilir Veri
Set1 Olusturulmasi

Burak SECKIN
Sivas Cumhuriyet Universitesi
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OZET— Derin 6grenme (DL: Deep Learning) yéntemleri bir
problemi, girdi verilerini i¢ yapisinda soyutlayip ciktilara
doniistiirerek 6grenir. Bu sebeple DL sistemlerinin basarisini,
verisetinin biiyiikliigii, simif sayisi, simiflar arasindaki 6rnek say:
dengesi ve giivenilir egitim ve test setlerinin olusturulmasi gibi
parametreler belirler. Ozellikle, uzmanlarca érneklerin yanhs
etiketlenmesi, gelistirilen simiflandiricimin basarisim dogrudan
etkiler. Bu ¢alisma, yanhs etiketlenmis verilerin DL modelleri
ile smflandirilmadan o6nce verisetinden c¢ikartilarak daha
giirbiiz bir veriseti olusturulmasim saglayacak bir yaklasim
sunmaktadir. Calismada, doku analizi problemi benimsenerek
3 farkhh mermer sinifina ait goriintiileri iceren 6zgiin bir veriseti
olusturulmustur. Gelistirilen sistemde, 6nce goriintiilerin Yerel
ikili Oriintii (LBP: Local Binary Pattern) yontemi ile
oznitelikleri elde edilmis ve ardindan bu 6znitelikler Oylama
Tabanh Topluluk Smmflandincist (VEC: Voting Ensemble
Classifier) tarafindan simiflandirilarak, ii¢ simif icin olasiliksal
degerleri hesaplanmistir. Son olarak bu olasihik degerleri, ilk
etiket degerleri ile karsilastirlmus ve farkhihk olmasi
durumunda oérnegin veri setinde kalmasi ya da farkh simifa
atanmasimin ~ kararmn  gelistirilen arayiiz  kullanilarak
uzmanlarca gerceklestirilmesi saglanmstir. Elde edilen
sonuglar, mermer simiflandirma probleminde yanhs etiketleme
probleminin iistesinden gelindigini géstermistir.

Anahtar Kelimeler— vyanlis etiketlenmis veri, yerel ikili
oriintiiler, makine égrenmesi, oylama topluluk siniflandiricisi

I. GiRris
Makine Ogrenimi (ML: Machine Learning), mevcut
bilgilerden g¢ikarimlar yapmak ve bu ¢ikarimlara dayanarak
bilinmeyeni tahmin etmek i¢in matematiksel ve istatistiksel
yontemleri kullanan bir 6grenme yontemidir. ML teknikleri,
bir problemi veriye dayali olarak ¢ozer ve farkli ML
tekniklerinin bir arada getirilerek toplu karar vermesi, dogru
tahmin etme olasiligini artirir. Bir ML modeli olusturulurken,
Ogrenmenin performansinin test verisi tizerinde tespit edilmesi
¢ok 6nemlidir [1]. ML literatiirii tarandiginda, son zamanlarda
simiflandirma/regresyon probleminin ¢oziimii icin ML model
kullaniminda 6nemli bir artis oldugu goézlemlenmistir.
Haciefendioglu’nun yaptig1 ¢alismada, ii¢ farkli ML modeli
kullanilarak glokom hastaliginin, bireylerde optik sinir hasar
olugmadan ve bunun sonucunda korlikk gelismeden erken
teshis edilmesi amaglanmistir. Gelistirilen karar-destek
sisteminde, destek vektor makineleri (DVM) en iyi
performansi elde etmistir [2]. Kartal yaptigi ¢alismada, ML
yontemlerini kullanarak kalp cerrahisi sirasinda veya hemen
sonrasinda hastanin yagamina yonelik riskleri belirlemeyi
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amaglamigtir [3]. Calismada, dort farkh ML modeli
kullanilmistir ve karar agact modelinin problemin ¢6ziimii
icin en iyi model oldugu belirlenmistir [3]. Seker yaptigi
¢alismada, elektroensefalogram (EEG) sinyallerini kullanarak
kokular1 iyi ve kotii olarak siniflandirmayr amaglamistir.
Calisma da, dort farkli ML modeli kullanilmstir ve en yiiksek
performans rastgele orman modeli ile hesaplanmistir [4].
Torun vd. [5] yaptiklari ¢alismada, mermer goriintiilerinin
kalitesini siniflandirmak icin DVM ve bir derin 6grenme (DL:
Deep Learning) yaklasim olan AlexNet modellerini
kullanmigtir. DVM igin giris 6znitelikleri yerel ikili oriintiiler
yontemi kullanilarak elde edilmistir. Ham goriintiiler kullanan
AlexNet modelinin performansi %99,21 olarak hesaplanirken,
DVM modelinin performansi %99,8°dir [5]. Yukarida verilen
ornekler 1s18inda, bir problemin ¢6ziilmesi igin farklit ML
tekniklerinin analiz edilmesi ve bunlarmm test verileri
performansi incelenerek optimum modelin tespit edilmesi
gereklidir.

Orneklere dayali 6grenen bir ML modelinin performansini
olusturulan veriseti belirler. Ozellikle, uzmanlarca 6rneklerin
diizgiin etiketlenmesi ¢ok Onemlidir. Bu g¢alismanin odak
noktasi olan yanlis etiketleme probleminin ¢oziimii i¢in
literatiirde farkli yaklasimlar Onerilmistir. Ding vd. [6]
verisetinin yanlhs etiketlenmesi problemini li¢ asamada ele
almigtir. Bunlar; giirtiltitye dayali algoritmalar, yart denetimli
algoritmalar ve veri iliskisi tabanli algoritmalardir. Giiriiltiiye
dayali algoritmalar, yanlis etiketlenmis giiriiltiilii 6rneklerle
egitilen bir sistemin ezberlemeden 6grenmesinin yollarimi
incelemektedir. Ancak, bu yaklagimlar sadece ezberlemeyi
engellerken, modellerde kullanilan kayip/ceza fonksiyonunun
giriiltilii  Orneklere karst dayanikli  olmalarina  katki
sunmamaktadir [6]. Yari denetimli algoritmalarda, bir DL
modeli Oncelikle temiz ve giirtiltilii 6rnekleri igeren bir
veriseti ile egitilmektedir ve bu modelin agirliklar1 temiz
ornekler iceren verisetinin 6grenilmesi i¢in gelistirilen modele
transfer edilmektedir. Ancak, gergek diinya problemlerinin
¢ogunun ¢oziimii icin temiz bir egitim seti gereklidir [6]. Veri
iligkisi tabanli algoritmalar ise goriintii-goriintii, goriintii-
etiket, etiket-etiket bagimliliklarini inceleyerek verilerdeki
iliskiyi kesfetmeye calisir. Sezgisel olarak, ornekler veya
etiketler birbirleri ile baglantili olduklarindan bu iliskiler
verilerden ogrenilebilir [6]. Boylece, veri iliskisinden yola
cikilarak yanlis etiketlenmis giiriiltiilii 6rnekler belirlenebilir.
Bu algoritmalarda genel yaklagim, gelistirilen modelin



giiriiltiilii etiket dagilimmi kesfetmesi ve egitimde bunu
dikkate alarak yanlis etiketli 6rnekleri ¢ikarmasi seklindedir.
Ancak, bu eleme stratejisi cok fazla 6rnegin atilmasina ve DL
modelin daha az veriyle egitilmesinden Otlirii problem
¢Ozlimiine raksamasina neden olabilir. Bu gergekler 1g18inda,
Ding vd. [6] gelistirdikleri modelde, bir O6rnegin yanlig
etiketlenme olasiligint tahmin edebilen yeni bir giiven
degerlendirme modiili sunmuslardir. Bu modiil, DL
modelinin softmax simiflandirma ¢iktilar1 yerine tam baglanti
katman c¢iktilarin1 kiimeleyerek analiz eder. Kiimeleme
stratejisi, temelde her simif i¢in sinif i¢i gesitliliginin ve alt
siif yapisinin anlasilmasini saglar ve boylece model yanlis
etiketlenmis giiriiltiilii drnekleri ayirt edebilir [6]. Xing vd. [7]
denetimli ve yar1 denetimli 6grenmenin basarist i¢in gerekli
olan etiketli verilerin kalitesini etkilesimli olarak iyilestirmek
icin t-SNE (t-distributed stochastic neighbor embedding)
tabanli gorsel bir analiz yontemi gelistirmistir. Onerilen
yontemde, kullanict tarafindan secilen giivenilir drneklerin
kullanilmasi saglanmigtir [7]. Literatiirdeki bu calismalara
gore, gelistirilen modelin, yanhs etiketlenmis giiriltili
orneklerin dagilimimi  G6grenmesi zordur ve bu durum
verisetinden ¢ok fazla 6rnegin ¢ikarilmasi sonucunda modelin
performansinin diismesine sebep olmaktadir. Bu sebeple bu
calisma, yar1 denetimli bir strateji ile yanlis etiketlenmis
verilerin verisetinden ¢ikarilmasi yaklagimini benimsemistir.

Bu ¢alismada, temelde bir doku analizi problemi olan mermer
kalitesinin  siniflandirilmast  probleminin  ¢6ziilmesi
amaglanmigtir. Mermer kalitesi, mermerin tizerinde bulunan
desenlerin sayisina ve renk degisimlerine bakilarak belirlenir.
Gergek hayatta mermer kalitesinin belirlenmesini, ortamin
151k degisimi, uzmanin ¢aligma saati ve goz sagligi gibi
etmenler etkilediginden yanlis etiketleme problemi
olugsmaktadir. Bu sebeple c¢alismada, DL modellerinin
egitiminde kullanilacak giivenilir bir veri setinin hazirlanmasi
icin Ikili Oriintii (LBP: Local Binary Pattern) yontemi ve
Oylama Tabanli Topluluk Siniflandiricist (VEC: Voting
Ensemble Classifier) teknigini iceren bir yaklasim
onerilmigtir.

Sekil 1’de mermer kalitesinin belirlenmesinde kullamilacak
giirbiiz bir verisetinin hazirlanmast i¢in 6nerilen yaklagimin
asamalar1 verilmistir. Gelistirilen yontemin testi igin, 3 farkli
kalitede mermer sinifina ait 72 adet 2 boyutlu 2700 x 1290
¢ozlinirliikte goriintiileri  igeren Ozglin  bir  veriseti
olusturulmustur.

Baslangic

Sekil 1. Calismada 6nerilen yaklagimin akis semasi

MATERYAL VE METOT

Oylama Tabanh
Topluluk
Siniflandiricisi

l

ilk Etiketleme
Degerleriile VEC
Olasihk
Degerlerinin
Karsilastinlmasi

LBPile

Gériintilerin
Oznitelik Cikarimi

Alinmasi

Esik Degeri Altinda
Kalan Gérselin
Kullanial Arayiiziine
Yansitilmasi

Kullanici Karari ile
Verisetinin
Diizeltilmesi

Mermer goriintiilerinin Ozniteliklerinin ¢ikarimi i¢in LBP
teknigi ve siniflandirilmast  iginde VEC  ydntemi
kullanilmaktadir. VEC sonucunda verisetindeki her bir
gorintii i¢in olasilik degerleri (yygc) hesaplanmaktadir.
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Bu degerler, ilk etiketleme degerleri (y;;; ) ile karsilastirilarak
yanlis etiketli ornekler tespit edilmektedir. Yanlis etiketleme
iki durumda olusmaktadir. ilk durumda, yygzc degerleri
yiedegerleri ile aym degildir. Ikinci durumda, yy . olasilik
degerleri  (Ornegin, y1lyge = 0.51,v2y5c = 0.01 ve y3ygc =
0.48) birbirine ¢ok yakindir. Son olarak yanlis etiketlendigi
tespit edilen 6rnekler uzmana, gelistirilen kullanici arayiizii
araciligiyla gosterilmektedir ve onun kararina gore
siniflandirma  sonucu  kabul  edilmektedir ya da
degistirilmektedir. Boylece, daha giirbiiz bir veriseti elde
edilmektedir.

A. Yerel Ikili Oriintiiler (Local Binary Pattern) Yontemi

He ve Wang tarafindan énerilen LBP teknigi, doku analizi ile
ilgili problemlerde 6zellik ¢ikariminda siklikla kullanilan
yontemlerden biridir [8]. Yontemde, goriintiiniin her bir
piksel degeri 1 ya da 0 ikilik degeri ile etiketlenmektedir.
Bunun i¢in dncelikle goriintiideki her bir piksel, NxN boyutlu
bir matrisin merkezine yerlestirilir ve matrisin merkez pikseli
ile komsular1 arasinda saat yoniinde “Es.(1)” de verilen
hesaplama gergeklestirilir.

1,x=>0
S(x)_{o,x<0

Burada, g. merkez pikseli ve g, ise merkez pikselin
komsusunu ifade etmektedir. p ve r ise sirasiyla komsu
sayisint ve Ornekleme yarigapimi temsil etmektedir. Bu
calismada Sekil 2°de goriildiigii gibi p ve r degerleri 8 ve 1
olacak sekilde 3x3 boyutlu matris kullanilarak goriintii
etiketlenmesi gergeklestirilmistir. Burada, oncelikle merkezi
piksel ile her bir komsu piksel arasinda “Es. (1)” kullanilarak
1/0 ikilik degeri elde edilir. Ardindan, bu ikilik degerler saat
yoniinde yazilarak ondalik karsilig1 hesaplanir. Bu islem, tim
goriintiiddeki pikseller igin tekrarlanarak goriintiinin LBP
degerleri elde edilir. Son olarak, bu LBP degerlerinin
histogrami1 hesaplanilarak goriintiiniin  6znitelik vektori
hesaplanir [5].

LBPp,r Zg;(l)s(gp - gc) 2P (1)

5 9 1 | Esikleme | 1 1 ikili: 11010011
4 4 6 1 1 Ondahk: 211
7| 2 3 1] o

[5((7-4).2°)>0, 5(192)=1 |

Sekil 2. LBP yonteminin uygulanmasi [5].

B. Oylama Tabanli Topluluk Siniflandiricist (Voting
Ensemble Classifier)

VEC yontemi, birden ¢ok ML smiflandiricisinin sonuglarini
birlestirerek daha yiiksek performansla ¢aligacak bir topluluk
siniflandiricist  olugturmayr amaglamaktadir [9]. VEC’de
smiflandirict sonuglarini birlestirmek i¢in ¢ogunluk oylama
(hard voting) ve agirlikli ¢ogunluklu oylama (soft voting)
olmak iizere iki yaklagim kullanilir. Cogunluk oylama,
siiflandiricilarin - hesapladiklar1  olasilik  degerlerini
degerlendirilerek en ¢ok tahmin edilen sinifi ¢ikt1 olarak kabul
eder. Agirlikli ¢ogunluklu oylamada ise siniflandiricilarin her
bir smif i¢in iirettikleri olasiliklarin ortalamalar1 hesaplanir
[10]. Bu ¢alismada VEC yonteminde; DVM, K-En Yakin
Komsu, Gaussian Siniflandiricisi, Karar Agacit Algoritmasi,
Rastgele Orman Algoritmasi, Cok Katmanl Algilayici,
AdaBoost ve Gaussian Naive Bayes olmak iizere sekiz farkl



ML teknigi kullanilmistir. VEC’de ML tekniklerinin hesapladigi TABLO 2. VERISETINDE BULUNAN iKiNCI SINIF MERMER

olasiliklar, agirlikli gogunluklu oylama ile degerlendirilerek ¢ikt: GORUNTULERI iCIN VEC OLASILIK DEGERLERI
etiketlerin nihai olasilik degerleri elde edilmistir.

Orijinal Etiket VEC sonucu
I.I I . UYGULAMA VE TEST SONUGCLARI Degerleri KT o T
Mermer verisetinin giiriiltiilii yanls etiket igerip icermedigini 2 00220 | 09382 | 00398

belirlemek i¢in veri setindeki 6rneklerin tamami egitim ve test
ayristirilmast - yapilmadan ML modellerinin  egitiminde
kullamlmigtir.  Goriintiilerden, ilk olarak LBP teknigi
kullanilarak ~ 6znitelikler elde edilmistir. Ardindan bu
Oznitelikler, sekiz ML siniflandirici tarafindan simiflandirilmis
ve elde edilen olasilik degerleri VEC yontemi araciligryla
degerlendirilerek ti¢ sinif i¢in ortalama olasilik degerleri
hesaplanmustir. Son adimda, her bir goriintii i¢in ¢ikt1 olasilik
degerleri, ilk etiket degerleri ile karsilastirilmistir. Etiketler
arasinda uyumsuzluk olmasi durumunda gelistirilen kullanici
araylizii ile uzmanin ornegi son bir kez degerlendirmesi
saglanmistir. Bu durumda, uzman ya &rnegin etiketini kabul
etmekte ya da degistirerek verisetine eklemektedir.

0,0950 0,8221 0,0830
0,0329 0,9355 0,0316
0,0406 0,9277 0,0317
0,0266 0,9446 0,0288
0,0300 0,9373 0,0327
0,0338 0,9436 0,0226
0,0289 0,9414 0,0297
0,0451 0,9250 0,0299
0,0474 0,9236 0,0291
0,0390 0,9307 0,0303
0,0282 0,9380 0,0339
0,0219 0,9428 0,0353
0,0355 0,9252 0,0393
0,0279 0,9438 0,0283
0,0372 0,9334 0,0294
0,0216 0,9496 0,0289
0,0300 0,9362 0,0338
0,0227 0,9481 0,0291
0,0287 0,9374 0,0339
0,0292 0,9482 0,0225

Tablo 1-3’de VEC yonteminin 3 farkli mermer sinifi igin
hesapladigi olasilik sonuglar1 goriilmektedir. Tablo 1-2°de
yanlig etiketleme problemi olugmamistir. Tablo 3’te ise
tiglincti kalite mermer goriintiilerinin olasilik degerlerinde
etiketleme uyumsuzlugu olusmustur. Kalin  bigimle
isaretlenen 6rnek i¢in VEC modelinin hesapladigi olasiliklar
sirasiyla 0.3041, 0.0625 ve 0.6334 seklindedir. Ornek igin
VEC degeri 3. Kalite siifit gosterse de hesaplanan olasilik
degeri c¢alismada belirlenen esik degerinden (Th=0.80) 0,0380 | 0,9378 | 0,0242
diisiiktiir. Buradan hareketle ilgili resmin verisetinde kalip 0,0230 0,9456 | 0,0314
kalmayacagi kullaniciya Sekil 3’te gosterilen arayiiz ile 2 0,0215 | 0,9419 | 0,0366
sorulmustur. *K1: 1. Kalite, K2: 2. Kalite, K3: 3. Kalite

NN NNNRNRNNNNNRN RN NNNN NN N NN

TABLO 3. VERISETINDE BULUNAN UCUNCU SINIF MERMER

TABLO 1. VERISETINDE BULUNAN BIRINCI SINIF MERMER GORUNTULERI ICIN VEC OLASILIK DEGERLERI

GORUNTULERI ICIN VEC OLASILIK DEGERLERI

- Orijinal Etiket VEC sonucu
Orijinal Etiket VEC sonucu ]i serleri K1* K2* K3*
Degerleri K1* | K2* | K3 egertent
3 0.0458 0.0279 0.9263

0,9589 0,0132 0,0279
0,8612 0,0575 0,0813
0,9550 0,0214 0,0236
0,9611 0,0184 0,0205
0,9064 0,0426 0,0511
0,9493 0,0153 0,0354
0,8658 0,0708 0,0634
0,9280 0,0168 0,0552
0,9392 0,0182 0,0426
0,9600 0,0183 0,0217
0,9111 0,0332 0,0557
0,9694 0,0168 0,0138
0,9349 0,0249 0,0402
0,9665 0,0216 0,0119
0,9631 0,0219 0,0149
0,9628 0,0181 0,0192
0,9568 0,0251 0,0181
0,9122 0,0373 0,0505
0,9603 0,0197 0,0200
0,9408 0,0179 0,0413
0,9611 0,0144 0,0246
0,9438 0,0210 0,0352
0,9358 0,0274 0,0368
1 0,9374 0,0188 0,0438
*K1: 1. Kalite, K2: 2. Kalite, K3: 3. Kalite

0.0410 0.0200 0.9390
0.0227 0.0160 0.9613
0.0169 0.0178 0.9653
0.0185 0.0184 0.9631
0.0263 0.0143 0.9595
0.0218 0.0173 0.9609
0.0385 0.0191 0.9424
0.0225 0.0165 0.9610
0.3041 0.0625 0.6334
0.0175 0.0157 0.9668
0.0616 0.0267 | 0.9117
0.0376 0.0162 0.9462
0.0453 0.0248 0.9298
0.0342 0.0144 0.9514
0.0254 0.0158 0.9588
0.0200 0.0192 0.9608
0.0298 0.0169 0.9534
0.0194 0.0184 0.9622
0.0177 0.0174 0.9649
0.0760 0.0324 0.8916
0.0671 0.0274 0.9055
0.0216 0.0286 0.9498

3 0.0207 0.0241 0.9552
*K1: 1. Kalite, K2: 2. Kalite, K3: 3. Kalite

NI IR I I I I I I S S T Y e Y e
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Tahmin edilen esk degerinden daha diisik. Gosterilen mermer hangi sinifa aittir? Tahmin edilen deger: 3.kalite fik Etketienen Sinif: 3.kalite

2t o S

Sekil 3. Uzman i¢in yanlis etiketleme kontrol arayiizii

Sekil 3°de goriilen arayiiz, uzmana daha 6nceden 151k ayarlari,
uzun mesai saatleri gibi sebeplerle yapilan yanlis
etiketlemenin diizeltilmesi i¢in olanak sunmaktadir. Buna
gore ¢alismada, belli bir esik degeri altinda kalan degerler
olugursa bir mesaj kutusu ile uzman uyarilmistir ve etiketin
ilgili sinifta kalmasi, dogru sinifa yonlendirilmesi veya
verisetinden tamamen ¢ikartilmasi saglanmistir.

IV. SoNuUC

Ornekler ve etiketler arasindaki iligkileri &grenen DL
modellerinin performansint etkileyen unsurlardan biri yanlis
etiketlenmis gurtltilic verilerdir. Bu ¢aligma, mermer
smiflandirma  problemini  ¢6zecek DL modellerinin
performansinin  artirilmas1  i¢in  verisetindeki  yanlis
etiketlenmis Orneklerin diizeltilmesini amaglamigtir. Bunun
icin goriintiilerin 6nce LBP teknigi ile oznitelikleri elde
edilmis ve bunlar VEC ile simflandirilarak her bir siif igin
olasilik degerleri hesaplanmigtir. Yanlhs etiketlenen 6rnekler
uzmanlarca diizeltilmistir. Yapilan bu c¢alisma, mermer
kalitesini simiflandirma sistem projesine entegre bir sekilde
calisacaktir. Ayrica, Onerilen yari denetimli ML teknigi,
gomiilii DL uygulamalarindaki olasi etiketleme probleminin
¢Oziimiinde kullanilabilir.
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Ozet—Son yillarda yapilan calismalarda derin 6grenme
algoritmalarimin kullammm orammmin oldukca arttgr dikkat
cekmektedir. Bu ¢calismada yazilim tabanh telsizlerde kullanilan
gug ylkselteg (GY) modulinin kazang kalibrasyonunun
maliyetine odaklamlmistir. Gig¢ ylkselte¢ (GY) modulinin
istenilen kazanci elde etmesi icin sartlara gore farkl toleranslari
olan pasif bilesenlerin cesitli durumlar igin kalibre edilmesi
gerekmektedir. Ancak bu kalibrasyon geleneksel yontemlerle
oldukca zaman aldig1 icin bu ¢ahsmada derin 6grenme
tekniklerinden Cok Katmanh Algilayicilar (MLP) ve
Konvolusyon Sinir Aglar1 (CNN) yontemi gclincu parti yazilim
olan AX platformu ile kullanilarak yeni bir kalibrasyon yontemi
Onerilmistir ve iki yontemin performans karsilastirilmasi
yapilmistir. Gug yikseltec modulunin kazang kalibrasyonu
tahmini performans sonugclar: her iki yontem ve her iki veri seti
icin karsilagtirilmistir. Yapilan calismalar sonucunda en iyi
sonug %1.07 hata payi ile akim verisini igeren veri setinin MLP
algoritmasi ile kullamim sonucunda elde edilmistir.

Anahtar  Kelimeler—Derin  Ogrenme, Cok Katmanh

Algilayicilar (MLP), Konvolisyon Sinir Aglart (CNN)
. GiRris

Gug yukseltec modulleri iletisim alaninda kullanilan ve
yuksek guc tiiketimi gerceklestiren bilesenlerdir. Bu sebeple
tasartm modellerinde verimligin énemi oldukca yuksektir [1,
2]. GuU¢ yikseltec modulii  Oretiminde tim gug
yukselteclerinin  belirli bir dogrulukla iyi tanimlanmig
Ozelliklere sahip olmas1 istenir. Ancak sire¢ varyasyonlari
sebebiyle o6zellikler ve transfer 6zellikleri modilden modiile
degisir. Kazang ve dogrusal olmama hatalari, glg¢ yikselteg
modulli karakterize edildiginde transfer fonksiyonunda
ortaya ¢ikan en yaygin hatalardir. Bu nedenle givenilir bir
glic yukseltec modulii Gretebilmek icin kazang kalibrasyon
islemi yapilmasi ve modiile 6zgii bu verilerin modul Uzerinde
bir hafizada tutulmas: gerekmektedir. Bu kalibrasyon
isleminin zaman maliyetinin yiksek olmasindan dolay1 da
bunun nasil daha optimize ve maliyetsiz yapilabilecegi bir
arastirma alani olarak karsimiza ¢ikmaktadir. Gug ylkselteg
modullerinin kalibrasyon sirasinda ayarlanmasi gereken
parametreler nedeniyle geleneksel kalibrasyon yodntemi
zaman maliyeti agisindan yiksek ve uygulama agisindan da
zorlu olmaktadir. Bu zorlu sureci daha kolay hale
getirebilmek adina hem tablosal hem de zaman serisi veriler
icin cesitli derin 6grenme yontemleri sunulmustur [3, 4].

Son yillarda, yapay zeka Uzerinde yapilan arastirmalar
sonucunda makine dgrenmesine bagl olarak yapay zekanin
alt dallarindan biri olan derin égrenme adiyla yeni bir alan
ortaya ¢ikmustir. Derin 6grenme modelinin ¢aligma yontemi
insan beyninde yer alan sinir ag1 yapisina benzetilmektedir.
Bu modeller belirli bir veri seti ile egitimi sonrasinda olduk¢a
karmasik  problemlerin  ¢ozimilnd  hizlandirdigr igin
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glnimizde yaygin olarak kullanilmaktadir [5]. Yapilan son
calismalarda ise elde edilen hesaplama hizi ve derin 6grenme
sinir ag1 algoritmalarinda kat edilen gelisim ile islem
strelerini kayda deger sekilde azaltilmig ve derin dgrenme
modellerinin dogrulugu arttirilmistir [6].

Derin  dgrenme algoritmalar1 olan Cok Katmanh
Algilayicilar (MLP) ve Konvolusyon Sinir Aglart (CNN)
regresyon tahmin problemlerinde sikga kullanilmaktadir.

MLP tabanli yaklasimlar ¢ok esnektir ve genellikle

girdilerden  ¢iktilara  bir eslemeyi  Ogrenmek igin
kullanilabilirler. Tablosal veri setleri, simiflandirma tahmin
problemleri ve regresyon tahmin problemleri igin
kullanilabilirler.

CNN tabanli yaklasimlar ise genel olarak uzamsal bir
iliski olan verilerle iyi c¢alismaktadir. Bu da modelin
gorintilerle c¢alisirken Onemli olan degisken yapilarin
konumunu ve 6lgegini dgrenmesini saglar. Ayrica CNN girisi
geleneksel olarak iki boyutludur, bir alan veya matristir,
ancak tek boyutlu olarak da degistirilebilir. Bu, CNN'nin
daha genel olarak uzamsal bir iliskisi olan diger veri trleri
iizerinde de kullanilmasma izin verir (Ornegin; bir zaman
serisinin zaman adimlarindaki sirali bir iliski olmas: gibi.).
Gorsel veri setleri, smiflandirma tahmin problemleri ve
regresyon tahmin problemleri i¢in kullanilabilirler. Ayrica
goruntl olmayan veriler icin 6zel olarak gelistirilmemis olsa
da, CNN'ler metin, zaman serisi ve sirali giris verilerinin
analizinde en son teknolojiye sahip sonuglar elde edilebilir.

Bu c¢alismada yazilim tabanli radyoda kullanilan gig
yukselte¢ (GY) modiuliniin  kazang kalibrasyonunun
yapilmasi maliyetine odaklanilmistir. Gi¢ yukselte¢ (GY)
modilinun sistem ¢alisirken istenilen kazanci elde etmesi
icin sartlara gore bazi toleranslar1 olan pasif bilesenlerin
cesitli durumlar igin kalibre edilmesi gerekmektedir. Ancak
bu kalibrasyon sirasinda sicaklik odasmin bir sicakliktan
digerine gecme siresi, farkli frekanslar, farkli gucler,
bunlarin  kombinasyonlarinin ayarlanmast ve kalibrasyon
algoritmalarinda test ve 6lgim cihazlarimin sorgu sireleri
nedeniyle bu islem ¢ok zaman almaktadir. Bu ¢aligmada,
derin dgrenme tekniklerinden Cok Katmanli Algilayicilar
(MLP) ve Konvolisyon Sinir Aglart (CNN) en iyi hiper
parametrelerin otomatik belirlenmesi icin Gglncl parti
yazilim olan AX Platformu ile birlikte ayr1 ayr1 kullanilarak
derin  6grenme modeli olusturulmustur.  Olusturulan
modellerin egitimi ve testlerinde dnceden geleneksel gc
yukselte¢ kazang kalibrasyonu yontemi ile elde edilen 200
module ait iki farkli veri seti kullamilmustir. Bu veri setleri
arasindaki tek fark guc yulkselte¢ moduliniin ana gug
kaynagindan cektigi akim verisini icerip icermemesidir.
Olusturulan iki farkli model aymi veri setinin %75’ ile



egitilmistir. Daha sonra hem MLP hem de CNN modellerinin
egitimi sonucunda elde edilen model ayn1 veri setinin %25’i
kullanilarak test edilmistir. Gii¢ yukselte¢ moduliiniin kazang
kalibrasyonu tahmini performans sonuglar1 her iki yontem ve
her iki veri seti icin karsilastirilmustir.

~ Makalenin geri kalan1 su sekilde organize edilmistir.
Ikinci bélimde literatiirde cesitli alanlarda yapay zekaya
dayali kalibrasyon konusu ile ilgili daha 6nce yapilan diger
akademik calismalardan bahsedilmistir. Uctincii boliimde
karsilagtirmasi yapilan MLP ve CNN modellerinin egitilmesi
icin kullanilan veri setlerinden ve onlarin uygun forma
getirilme  isleminden, kullamlan MLP ve CNN
modellerinden, bu modellerin kullanima nedenlerinden, bu
modellerin egitimi ve test surecinden bahsedilmistir.
Dordiincl bélimde ise MLP ve CNN ydntemlerinde egitim
sonucunda elde edilen derin 6grenme modeli ve performans
sonuglar1 ortaya konulmustur. Besinci bolim olan sonuclar
bashigi altinda da caligmanin dordinci bolimuinde elde
edilen sonuclar yorumlanmustir.

I1. LITERATUR INCELEMEST

Derin Ogrenme tabanli kalibrasyon teknikleri ile ilgili
literatlirde yapilmis ¢aligmalardan bazilar1 asagida kisaca
anlatilmistir.

Incelenen birinci ¢alismada ele alinan dogrusal olmayan
glic ylkseltec modellerinde verimliligi arttirmak icin ayarin
onemli bir mekanizma olduguna deginilmistir. Bu ¢alismada
tasarlanan bir gi¢ yikselte¢ modilinin dogrusal olmayan
¢ikig guct ve verimlilik parametrelerini tahmin edebilmek
icin bir yapay sinir agi modeli olan MLP Onerilmistir. 228’lik
veri setinin 176’s1 egitim geri kalan 57’si testte kullanilarak
onerilen model giris glicll, drain voltaji ve bias voltaji ile
egitilmis ve test edilmistir. Onerilen model ile gercek
degerlere oldukca yakin veriler elde edilmistir. Test
sonucunda tahmin edilen ¢ikis guclt ve verimlilik
parametreleri hata oranlari ortalama gdreceli hatalara (MRE)
gore sirastyla %0.04 ve %0.23 dur [7].

Diger bir calismada derin 6grenme yapay sinir agi
tekniklerinin mikrodalga ve milimetre dalga radyometre
kalibrasyonu uzerinde kullanilabileceginden bahsedilmistir.
Dogrusal olmama geleneksel yontemlerle  yapilan
radyometre kalibrasyonunda oldukca zorlu bir konudur. Bu
calisma ile yapay olarak gurilti dalgast modeli olusturulan
bir Dicke-anahtarlamali radyometrenin kalibrasyonu icin bir
derin 6grenme modeli olan MLP &nerilerek radyometre anten
sicaklig1 tahmini yapilmigtir. Onerilen model guriltilt ve
gurdltisiz ornekleriyle radyometre ¢ikis voltajlar1  ve
termistor okumalar1 kullanilarak egitilmistir. Model testleri
sonucunda ylksek basari oranlariyla anten sicakliklar:
tahmin edilebildigi gbzlemlenmistir [8].

Sensor Uretimi ile ilgili bir ¢alismada ise hatalar1 azaltmak
ve guvenilirligi arttirmak igin kalibrasyonun dnemli bir adim
olduguna dikkat cekilmistir. Termistdr kalibrasyonu ve
ayrica termistoriin ofset ve kazang hatalarimi diizeltmek icin
karma modlu bir makine 6grenmesi model olarak
Onerilmistir. Ylksek seviyede 120’lik veri setinin %70’i
egitim, %15’ dogrulama ve geri kalan %15’i testte
kullanilarak ©nerilen MLP modeli sensor ¢ikis verileri
kullanmilarak egitilmis ve test edilmistir. Daha sonra elde
edilen model elektriksel devrelerle tasarlanmistir. Hem
elektriksel devrelerle tasarlanmis uygulamada hem de yiksek
seviye modelin test sonuglari Karsilastirildiginda basarili
sonuglar elde edilmistir. Termistoriin dizeltme yapilmadan
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onceki, ylksek seviye similasyondaki ve elektriksel
devrelerle  MLP modelinin entegrasyonundan sonraki
ortalama sicaklik tahmini hatasi sirasiyla 12.64, 0.97 ve 1.80
olarak elde edilmistir [9].

Giig yiikselteg modellerinde izerinde yapilan bir diger
calismada dogrusallik probleminin dijital 6n bozulma (DPD)
ile Ustesinden gelinebileceginden bahsedilmistir.  Sinir
aglarininda Qiris ve c¢ikis arasinda iliskileri daha iyi
genelleyebilecegini savunarak Swish aktivasyon
fonksiyonunu kullanarak DPD’ye dayali bir Derin Sinir Agi
(DNN) derin 6grenme modeli 6nerilmistir. Ayrica Swish
aktivasyon fonksiyonunun RelLU ve sigmoid aktivasyon
fonksiyonlar1 ile performans karsilastirmas: sunulmustur.
Yapilan egitim ve test strecleri sonucunda onerilen Swish
aktivasyon fonksiyonlu DNN-DPD modelinin sigmoid ve
ReLU aktivasyon fonksiyonlu DNN-DPD modellerine gore
daha iyi sonug verdigi gozlemlenmistir [10].

Anten kalibrasyonu hedefi ile yapilan bir ¢alismada faz
dizili anten kalibrasyon katsayisinin sadece gug olg¢limleri
kullanilarak bulma Gzerinde durulmustur. Farkli sinyal-
glrlltl oranlarinda dizi ¢ikislarindaki faz kalibrasyon
katsayilarim tahmin etmek igin geleneksel yontemlerin
aksine denetimli derin 6grenme algoritmalar1 olan CNN ve
MLP modelleri birlestirilerek yeni bir model onerilmistir.
Y uksek sinyal-girilti orani altinda 6nerilen modelin egitimi
sonrasinda elde edilen test sonuglar: ortalama kareler hatasi
(MSE) teknigine gore geleneksel yontem ve dnerilen model
performanlart igin sirasiyla 51.382 ve 6.52 seklindedir. Bu
sonuglar ile ©nerilen modelin geleneksel model yerine
kullanilabilecegi kararina varilmstir [11].

Gug sistemlerinin kalibrasyonu ile ilgili ¢alismada ise
sebeke guvenilirligi, kullanilabilirligi ve esnekligi konulari
gic sistemlerinde oldukca 6nemli olduguna deginilmistir.
Gug sistemlerinin parametre Kkalibrasyonunda geleneksel
yaklasimlara dayali matematiksel c¢o6zumlerin sorunu
cozerken maliyetli olduguna bunun yerine derin 6grenmeye
dayali bir yaklasim dnerilmistir. Calismada kullanilacak gii¢
sistemi jenerator olarak secilip, simile edilmis veriler
kullanilarak Konvoliisyon Sinir Aglar1 (1D-CNN), Uzun
Kisa Sureli Bellek (LSTM) ve Kapili Tekrarlayan Birimler
(GRU) derin dgrenme modelleri egitilip sonrasinda test
edilmistir. Elde edilen test sonuglarina gore derin 6grenme
modelleri CNN, LSTM ve GRU’nun performanslari sirasiyla
0.017, 0.026 ve 0.0079 ortalama kareler hatasi (MSE)
seklindedir. Bu sonuclar derin dgrenmenin bu alanda
kullanilabilecegini gosteren bir umut vadetmistir [12].

I1I.MATERYAL VE METOT

A. Veri Setleri

Bu ¢alismada veri setinin girdi olarak kullanilacak
parametrelerinin - agin  egitimindeki  6nemine  dikkat
cekebilmek adina iki adet wveri seti ile calismalar
yurGtilmastar. Bu iki veri setinin biribirinden tek farki gug
yukselte¢ modilinin ana gu¢ kaynagindan cektigi akim
verisinin olup olmamasidir. Ana gi¢ kaynagi akim verisinin
gl yikselte¢c modl kartinin PCB karakterizasyonunu temsil
etmede dnemli bir parametre olabilecegi 6n gortlmektedir.

Yapilan ¢alismada veri seti kiimesini olabildigince sinirlh
tutarak basarili bir ag egitim performasina ulagmak
hedeflenmistir. Buradaki amag prototip ve pilot Uretim
esnasinda geleneksel gu¢ yukselte¢ kazang kalibrasyon
yontemiyle  toplanabilecek  verileri  kullanarak  ag:



egitmektedir. Bu kapsamda 200 modiile ait 2 adet farkli veri
seti olusturulmasi ve olusturulan 2 farkli veri setinin %75’inin
agin egitiminde %25’inin ise testinde ayri ayri kullanimasi
hedeflenmistir.

Birinci veri setinde yer alan parametrelerden
kanal/frekans, surlcl bias voltaji, ¢ikis stirlict voltaji, hedef
¢ikis gucu ve sicaklik bilgisi girdi verileri olarak, kazang
verisi ise ¢ikis verisi olarak agin egitiminde kullanilmistir.

Ikinci veri setinde yer alan parametrelerden ise
kanal/frekans, ana gli¢c kaynagindan cekilen akim, surticti bias
voltaji, ¢ikig strucl voltaji, hedef ¢ikig glcu ve sicaklik
bilgisi girdi verileri olarak, kazang verisi ise ¢ikis Vverisi
olarak agin egitiminde kullanilmustir.

B. Kullanilan Modeller ve Kullanilma Nedenleri

Bu c¢aligmada gu¢ ylkselte¢ kazang kalibrasyonu
probleminin derin 6grenme tabanli ¢6zimi igin iki yontem
Onerilmistir. Bunlardan birincisi Cok Katmanli Algilayicilar
(MLP) ikinci ise Konvolusyonel Sinir Aglari (Convolution
Neural Network-CNN) seklindedir. Onerilen her iki model
lzerinde calismalar yapilmistir ve elde edilen sonuclar
karsilastirilarak en basarili sonu¢ veren model kullanilmak
icin secilmistir.

MLP yontemi derin dgrenmede siklikla kullanilan klasik
bir sinir agi tdridur. Tablosal veri setleri ile yapilan
regresyon tahmin c¢alismalarinda kullamm basarisimi
ispatlamig ve oldukca tercih edilen bir yontemdir. Bu
calisgmada geleneksel guc¢ ylkselte¢ kazang kalibrasyonu
yontemleri ile elde edilmis veri setleri (birinci veri seti ve
ikinci veri seti) incelendiginde tablosal veri seti formatinda
oldugu gorilmektedir. Ayrica ¢6zilmesi hedeflenen problem
gic yikselte¢ kazancini tahmin etme bir regresyon
problemidir. Bilgiler 1s1g1nda bu ¢alisma i¢in MLP modelinin
kullaniminin uygun olabilecegi diistindlmastar.

CNN yontemi genel olarak gorsel tabanli galigmalarda en
iyi performansimi gostermektedir ve genel olarak iki boyutlu
girdi seti ile ¢alismaktir. Ancak bir boyutlu ve U¢ boyutlu
girdi setleri ile de kullanilabilmektedir. Eger veri setinde
uzamsal bir iliski varsa CNN modeli basarili bir performans
gostermektedir. Bu da girdi verilerinin gorsel olmamasi
durumunda kullanimina olanak saglamaktadir. Bu ¢aligmada
geleneksel gug yikselte¢ kazang kalibrasyonu yontemleri ile
elde edilmis veri setleri (birinci veri seti ve ikinci veri seti)
incelendiginde veri setlerinin tek boyutlu veri seti olmasi ve
¢ozilmesi hedeflenen problemin bir regresyon problemi
olmasi gibi sebeplerden dolayr CNN modelinin kullaniminin
uygun olabilecegi distintlmustdr.

C. Model Egitimi ve Test Sireci

Egitim ve test icin kullanilacak olan veri setleri hazirlanip
kullanilabilir formata getirildikten sonra derin 6grenme
stirecindeki yer alan modelin egitimi ve testi adimina gegilir.
Bu iki asama i¢in dnce egitim veri setinde egitim i¢in ayrilan
kisim kullanilarak model egitimi gergeklestirilir daha sonra
elde edilen model veri setinde test igin ayrilan kisim
kullanilarak test edilir.

Veri seti kullanilarak yapilan model egitimi oldukca
zaman almaktadir ve modelin egitim kisminda modelin
yuksek bagar1 oranina ulagabilmesi icin belirlenmesi gereken
hiper parametrelerin bulunmasi ise oldukca fazla deneme
gerektirmektedir. En iyi sonu¢ veren modelin elde edilmesi
sirasinda bu hiper parametreler her probleme ve kullanilan
veri setine gore degisiklik gostermektedir. Bu sebeplerden
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dolay1r bu ¢alisma ile olduk¢a fazla deneme gerektiren ve
manual deneme islemi sonrasinda bulunmaya caligilan hiper
parametrelerin g¢lncl parti bir yazilim olan AX platformu
kullanilarak otomatik bir sekilde belirlenmesi hedeflenmistir.
Belirlenen hiper parametre uzayiin AX platformu
kullanilarak Sobol teknigi ile taranmasi sonucunda en iyi
performanst  veren model ve bu modelin hiper
parametrelerinin belirlenmesi 6nerilmistir. Boylece manuel
taramaya gore olasiliklar kiimesinde daha esit bir tarama
yaparak en iyi sonu¢ elde edilmesine olanak saglanmig
olacaktir.

Bu ¢alismada kullanilan MLP ve CNN modelleri igin ayr1
ayr1 hiper parametre uzayi olusturulmus ve her iki modelin
kendisi icin belirlenen hiper parametre uzaylari taranarak
birinci ve ikinci veri setleri ile egitim slrecini ayr1 ayri
tamamlamustir. Daha sonra egitim sonrasinda elde edilen en
basarili modeller test edilmistir.

Belirlenen hiper parametre uzaylar1 Gglincu parti Ax
platformu yazilimi tarafindan hiper parametrelerin bulmasi
icin model egitimi sirasinda kullanilmaktadir. Bu hiper
parametre uzay: taramasi icin gerceklestirilecek deneme
sayist belirlenebilmektedir. Bu déngi sayisinin ¢ok fazla
olmas1 egitim slresini ¢ok fazla uzatmaktadir ancak dongi
sayisinin Gok az tutulmasi ise en iyi performansi verecek
hiper parametrelerinin bulunmasi olasiligini distirerek model
basarisin1 olumsuz etkilemektedir. Yapilan calismada bu
dongu sayis1 100 olarak belirlenmistir. Yapilan tim egitim
caligmalarinda bu dongi sayisi sabit tutulmustur.

Ax platformu kullanmilarak birinci ve ikinci veri seti ayr
ayr kullanilarak yapilan MLP ve CNN modellerinin egitimi
calismasi sonucunda elde edilen en uygun model ve modele
ait hiper parametreler elde edilmistir.

Birinci ve ikinci veri setine ait veriler ayr1 ayr1 olacak
sekilde %75'i egitim ve %25’i testte kullamlmak icin
ayrilmigtir. Model egitimi sirasinda egitim veri setinin %80’i
egitimde geri kalan %20’si ise model dogrulama isleminde
kullanilacak sekilde bélunmistir. Egitim adim sayisi (epoch
number) genis bir hiper parametre uzay: taranacagi igin
secilen hiper parametreler sonrasinda yavas ©grenme
durumunu da kapsamasi adina 1000 olarak belirlenmistir.
Egitim sirasinda kullanilan kayip fonksiyonu ise ortalama
mutlak ylizde hata (Mean Absolute Percentage Error -
MAPE) fonksiyonu olarak belirlenmistir. Model testi
sonuglart ise 3 farkli tip kayip fonksiyonu kullanilarak
sunulmustur. Bunlar ortalama mutlak ylizde hata (Mean
Absolute Percentage Error - MAPE), hata kareler ortalamasi
(Mean Squared Error - MSE) ve hata kareler ortalamasinin
karekokii (Root Mean Squared Error - RMSE)
fonksiyonlaridir. TUm bu duzenlemeler sonrasi belirlenen
hiper parametre uzay1 taranarak gergeklestirilen egitim
sonrasinda en iyi model elde edilmis ve bu modele ait hiper
parametreler elde edilmistir.

Her iki veri setinin egitim verileri ile MLP ve CNN
modellerinin egitim islemi ayr1 ayri yapildiktan sonra
modeller yine her iki veri setinin test verileri kullanarak test
edilmistir. Elde edilen sonuglarin sunumu “IV. Bulgular”
béliminde paylasiimistir.

IV.BULGULAR

Onerilen derin 6grenme metodu olan MLP ve CNN
modelleri her iki veri seti i¢in ayr1 ayr1 egitilip test edilmistir.
Yapilan ¢aligmalar sonucun elde edilen sonuglar bu bolum
altinda paylasilmustir.



MLP derin 6grenme yontemi kullanilarak birinci ve ikinci
veri setleri ile yapilan model egitimi sirasinda egitim adim
sayisina (epoch number) gore test ve egitim sirasindaki kayip
sirasiyla grafik Sekil 1 ve Sekil 2’de gdsterilmistir.

Sekil 1 ve Sekil 2°de yer alan grafikler incelendiginde ilk
500 egitim adim sayisindan (epoch number) sonra
Ogrenmenin yavagladigni ve neredeyse tamamlandigi
gozlemlenmistir. Ax platformu ile genis bir hiper parametre
uzay1 taranacagi icin secilen hiper parametreler sonrasinda
yavas 6grenme durumunu da kapsamasi adina 1000 olarak
secilmesi uygun oOngorilen egitim adim sayisinin (epoch

number) MLP modeli igin oldukca vyeterli oldugu
gbzlemlenmistir.
model loss
- train
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10 4
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£ ||
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Sekil 1. Birinci veri seti ile egitim adim sayis1 bazinda MLP modelinin
hem egitim hem de test prosedirinin kayip grafigi.
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Sekil 2. Tkinci veri seti ile egitim adim sayist bazinda MLP modelinin
hem egitim hem de test proseduriinin kayip grafigi.

Egitim verileri ile egitimi tamamlanan modelin test
verileri ile test edilmesi sonucu elde edilen ortalama mutlak
yuzde hatasina (Mean Absolute Percentage Error - MAPE),
hata kareler ortalamasina (Mean Squared Error - MSE) ve
hata kareler ortalamasinin karekokiine (Root Mean Squared
Error - RMSE) karsilik gelen degerler sirasiyla Tablo 1'de ve
Tablo 2'de sunulmustur.
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GY Kazang Hata

Hata Degeri Orane
Ortalama Mutlak Yiizde Hatasma (Mean Absolute 198
Percentage Error - MAPE) % '
Hata Kareler Ortalamasina (Mean Squared Error - 0.02
MSE) % ’
Hata Kareler Ortalamasinin Karekokiine (Root Mean 1.40

Squared Error - RMSE) %

Tablo 1. Birinci veri seti ile 6nerilen MLP modelinin test sonuglart

Hata Degeri GY Kazang Hata

Orani
Ortalama Mutlak Yiizde Hatasima (Mean Absolute 107
Percentage Error - MAPE) % '
Hata Kareler Ortalamasina (Mean Squared Error - 001
MSE) % :
Hata Kareler Ortalamasinin Karekokiine (Root Mean 116

Squared Error - RMSE) %

Tablo 2. Tkinci veri seti ile 6nerilen MLP modelinin test sonuglari

Veri setlerinin tablosal veri seti olmasindan ve MLP’nin
tablosal veri setlerinde basarisi ispatlanmus bir derin grenme
teknigi olmasindan dolay1 MLP algoritmast ilk yontem olarak
Onerilmistir. Tablo 1 ve Tablo 2’de yer alan hata oranlari
incelendiginde MLP algoritmasi ile yapilan ¢aligmada ana
akim verisinin de bulundugu ikinci veri setinin kullaninmi
birinci veri setinin kullamma g6ére modelin tahmin
basarisimi arttirmustir. Bdylece bu calisma dncesinde akim
verisinin PCB karakterizasyonunu elde etmede ve model
egitiminin bagarisim1 arttirmada 6nemli bir parametre
olabilecegi ¢ikarimi dogrulanmustir.

CNN derin 6grenme yéntemi kullanilarak birinci ve ikinci
veri setleri ile yapilan model egitimi sirasinda egitim adim
sayisina (epoch number) goére test ve egitim sirasindaki kayip
sirastyla grafik Sekil 3 ve Sekil 4’te gdsterilmistir.

Sekil 3 ve Sekil 4’te yer alan grafikler incelendiginde ilk
500 egitim adim sayisindan (epoch number) sonra
O0grenmenin yavasladigi ve neredeyse tamamlandig
g6zlemlenmistir. Ax platformu ile genis bir hiper parametre
uzay1 taranacagi icin secilen hiper parametreler sonrasinda
yavas 0grenme durumunu da kapsamasi adma 1000 olarak
secilmesi uygun ongorilen egitim adim Sayisimin (epoch
number) CNN modeli icin de oldukca yeterli oldugu
gozlemlenmistir.

model loss

— ftrain
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20

loss
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400 600 800 1000

epoch

Sekil 3. Birinci veri seti ile egitim adim sayis1 bazinda CNN modelinin
hem egitim hem de test prosedurinin kayip grafigi.
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Sekil 4. Ikinci veri seti ile egitim adim sayis1 bazinda CNN modelinin
hem egitim hem de test proseduriiniin kayip grafigi

Egitim verileri ile egitimi tamamlanan modelin test
verileri ile test edilmesi sonucu elde edilen ortalama mutlak
yuzde hatasina (Mean Absolute Percentage Error - MAPE),
hata kareler ortalamasina (Mean Squared Error - MSE) ve
hata kareler ortalamasinin karekdkiine (Root Mean Squared
Error - RMSE) karsilik gelen degerler sirasiyla Tablo 3'de ve
Tablo 4’te sunulmustur.

C . GY Kazang Hata

Hata Degeri Oram
Ortalama Mutlak Yizde Hatasina (Mean Absolute 191
Percentage Error - MAPE) % '
Hata Kareler Ortalamasina (Mean Squared Error - 0.02
MSE) % '
Hata Kareler Ortalamasinin Karekokiine (Root Mean 133
Squared Error - RMSE) % '

Tablo 3. Birinci veri seti ile 6nerilen CNN modelinin test sonuglari

. GY Kazang Hata

Hata Degeri Oram
Ortalama Mutlak Yiizde Hatasina (Mean Absolute 133
Percentage Error - MAPE) % '
Hata Kareler Ortalamasina (Mean Squared Error - 0.02
MSE) % :
Hata Kareler Ortalamasinin Karekokiine (Root Mean 147
Squared Error - RMSE) % ’

Tablo 4. ikinci veri seti ile 6nerilen CNN modelinin test sonuglar

Veri setlerinin tek boyutlu veri seti ve problemin
regresyon problemi olmas: dustinilerek ikinci yontem olarak
CNN algoritmas1 6nerilmistir. Tablo 3 ve Tablo 4’de yer alan
hata oranlar1 incelendiginde CNN algoritmas: ile yapilan
caligmada ana akim verisinin de bulundugu ikinci veri seti
kullanimu birinci veri seti kullanimina gore modelin tahmin
basarisin1 olumsuz etkilesmistir. Bu da CNN algoritmasinin
tablosal verilerin biiyuklligi arttikga performasinin azaldigini
gozlemlememizi saglamistir.

Gug yikselte¢c kazang tahmini icin &nerilen sinir ag:
modellerinden MLP ve CNN ile her iki veri seti kullanilarak
yapilan ¢alismalar sonucunda elde edilen sonuglar Tablo 1,
Tablo 2, Tablo 3 ve Tablo 4’te sunulmustur. En iyi sonug
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%1.07 hata payi ile ikinci veri setinin MLP algoritmas: ile
kullanim1 sonucunda elde edilmistir. Boylece bu ¢alisma ile
tablosal veri setleri kullanilarak yapilan regresyon tahmin
calismalarindaki kullanim basarisim literatlirde 6nceki
calismalarda da ispatlamis olan MLP algoritmasinin tablosal
veriler (zerindeki basarisinin CNN algoritmasina gore daha
iyi oldugu gozlemlenmistir. Bunlara ek olarak CNN
algoritmasinin egitim maliyetinin MLP algoritmasinin egitim
maliyetine gore daha ylksek oldugu gézlemlenmistir.

V.SONUGLAR

Bu ¢alismada, farkli sinir agi modelleri ile guc yikselte¢
modili kazang¢ tahmini igin derin 6grenme tabanli yeni bir
kalibrasyon teknigi sunulmaktadir. MLP tabanli yontemin
ikinci veri seti ile kullanilmasiyla elde edilen sonuglarin
Onerilen diger derin 6grenme tabanli yontemlerden daha iyi
oldugu bulunmustur.

Yapilan bu ¢alismayla MLP algoritmasinin ikinci veri seti
kullanimu ile elde edilen model kullanilarak gi¢ yikselteg
modiillerinin kazang kalibrasyonu yapilmasi saglanmustir.

TESEKKUR

Yazarlar, bu makaleye blyuk olclide yardimci olan veri
seti, yorumlar, derinlemesine tartismalar ve Ol¢im
deneyimleri saglayan Aselsan A.S’ye tesekkiir eder.
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Abstract— The agricultural sector is one of the most
important sectors in the world Because of its impact on the
country’s economy. Therefore, integrating smart farming is
necessary in this sector by giving great importance to scientific
research specialized in the field of agriculture. Smart farming
takes into account the rapid development of technology, through
the dissemination of renewable energies in irrigation and the use
of solar energy in pumping instead of oil engines. All this will be
easy to apply due to climate and geographical nature of many
countries like Algeria. Smart Farming enhances the Agriculture
system by controlling the field in real-time with the help of
wireless sensor networks which are capable of sensing, handling
and transmitting data. Those sensor nodes operate with limited
batteries, which are difficult to replace. Therefore, the energy
consumption optimization is very important to extend the
network lifetime. This paper propose an improved Ant Colony
Optimization Algorithm (ACO) to minimize the data optimal
path from source sensor node to the destination one on
depending on the sensors battery charge which in turn is
charged with harvested solar energy in order to extend the
network lifetime.

Keywords— Wireless Sensor Network,
Optimization, ACO, Energy harvesting.

loT, Battery,

. INTRODUCTION

Maximum Amount Shortest Path (MASP) scheme by
using Ant Colony Optimization Algorithm is proposed to
increase wireless sensor network throughput and optimize the
energy consumption. Two groups of ants find the path
between sensor nodes and sub sinks augment the amount of
data collected by mobile sinks and rotary table is used to avoid
slump. The path's previous search probability is fed into each
search to speed it up (1) A comparison between Energy aware
routing protocol with ant colony optimization and gradient
based routing protocol using ant colony optimization was
carried out to ensure reliable routing between source node and
destination in case of node failure. The results shows that the
two routing algorithms executed by ACO minimize the energy
consumption but Energy aware routing protocol with ant
colony optimization offers best performances (2) An
improved ant colony optimization algorithm called AMACO
was presented for maximizing the wireless sensor network
lifetime, its working principle depends on new clustering
method to avoid the overload. The results show that the
lifetime of the network in AMACO rised by 28.2%, 24.9%,
and 58.9% in comparison with EBAR, IACO-MS, and
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RRDLA before the last node dies respectively (3) An
approach to identify multiple optimal paths between sensor
node to base station was proposed to reduce the overhead
communication and maximize the network lifetime by ant
colony optimization. After receiving the network topology by
base station, the letter calculates the optimal path by using ant
colony optimization algorithm and transmit it to each sensor
node. Multiple optimal paths between sensors and base station
are efficient for data transfer by increasing throughput and
network lifetime (4) An optimization algorithm for energy
consumption based on ant colony optimization algorithm was
suggested for wireless sensor network, it based on the best
selection of next hope node via the comparison of residual
energy and distance between nodes, which guarantee less
possibility of low energy nodes being selected as next hop that
leads to more even power consumption for each node in order
to maximize the network lifetime (5) ACAMIMO algorithm
shows the combination efficiency of the use of ant colony
optimization algorithm and the improved LEACH protocol in
terms of reducing energy consumption and maximization of
network lifetime (6) A new transmission scheme with
adjustment of transmission range to achieve maximum
possible energy efficiency (MPEE) and maximum possible
energy balancing (MPEB) by using ACO algorithm was
presented to extend the lifetime of wireless sensor network (7)
ACOMNCC algorithm combines discovery of maximum
number of connected covers in a heterogeneous WSN and ant
colony optimization prolonging the lifetime of heterogeneous
WSNs (8) An improved algorithm ACO-MCC3D was
proposed to find solutions of GCLC in a 3-D environment,
computational cost was reduced by 66% in comparison to the
best existing NDSBA algorithm (9) To maximize the wireless
sensor network lifetime, ant colony optimization (ACO)
algorithm based on transmission strategy by presenting two
concepts most energy-efficient distance and most energy-
balanced distance (10) Using an efficient data collection
technique based cluster for base stations and receiver nodes
helps to reduce the possibility of data loss and lead to reduce
the energy consumption, In addition to this the use of ant
colony optimization algorithm to determine the optimal path
for mobile sink extends the lifetime of network (11) optimal
data aggregation based on Ant Colony Algorithm improve the
energy efficiency in wireless sensor network by 45% in
comparison to approximate aggregation schemes in moderate
number of source nodes while 20% of energy efficiency in
considerable number of source nodes (12) "SinkDistComb"



dynamic path algorithm has a longer maximum network
lifetime than the "SinkDistLead" static path algorithm.
"ResidualEnergy" and "SinkDistComb" are more beneficial in
extending network lifetime than "SinkAggreDist",
"SinkDistLead" and "SinkDistNoAggre" (13) Determine the
shortest path by using ACO algorithm gives results more
efficient than greedy approach used in PEGASIS (14) The
developed AntChain algorithm works much better than the
LEACH and PEGASIS methods, in terms of network lifetime,
integrity of data and energy efficiency (15) Application of
ACO algorithm, which optimizes routing and clustering,
which optimizes energy consumption in the internet of things
saves more energy and reduces the number of dead nodes by
about 81% compared to other algorithms (16) The proposed
protocol (APTEEN with threshold energy) ameliorate packet
loss and network lifetime compared to the APTEEN protocol.
EAAR protocol achieve more than 90% network lifetime than
APTEEN protocol (17) ACO is the best routing protocol
compared to PSO, ALO and GA in terms of network lifetime
throughput and power consumption (18) SPIN (Sensor
Protocols for Information via Negotiation) protocols can
provide 60% more data for a given amount of energy than
conventional approaches (19) ACO algorithm application in
routing and the rotation of the CH is performed only when the
residual energy of the CH is fewer than a given energy
threshold (20).

Each sensor in Agricultural 10T can receive, transfer and
treat data; all those operations consume energy causing
batteries discharge, which means node dead, which causes
system failure. The batteries of the sensors used in Precision
agriculture are difficult to replace so the optimization of
energy consumption is one of the most important challenges
in precision agriculture. The battery energy consumption
optimization in smart farming is an interesting concept that we
studied in our work, all this in order to boost agricultural
production and the country's economy.

PROBLEM STATEMENT

I1l. PROPOSED WORK

The optimization of battery energy consumption of
wireless sensors in smart farming is our goal in this paper. We
propose an improved Ant Colony Optimization Algorithm
(ACO) to minimize the data optimal path from source sensor
node to the destination one depending on the sensors battery
charge, which in turn is charged with solar energy in order to
prolong the network lifetime. We ameliorated a metaheuristic
algorithm called ant colony optimization (ACO) to optimize
the energy consumption and we boost with the use of energy
regeneration using solar energy harvesting where each sensor
uses his own solar panel in order to increase the network
lifetime See figure 1.
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Fig.1. Wireless sensor network devices.

IV. RESULTS

In order to demonstrate performances of our solution, we
used ACO algorithm based on its Matlab implementation to
find the optimal path between source nodes and destination
ones powered with solar energy. Fig.2 represents the path
between the source and the sink node through intermediate
nodes.This path is considered optimal i.e. it is the shortest
path to send the data in a reliable and efficient way which
ensures the efficiency of the improved ant colony
optimization algorithm.
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Fig.2. Optimal Path in Wireless Sensor Network by Using Improved ACO.

The distance length between sensor node and destination one
is shown in Fig.3. We observed that started dropping from
314.2 at O iteration to reach a value of 311.6 at 200 iteration
where it stood still at that value at the iteration increases. We
noticed that the application of the ACO algorithm decreases
the distance between the source and the destination, which
implies the minimization of the path, which causes the
optimization of the energy consumed by the nodes in data
transfer. The results shows the effectiveness of our proposal
work.
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Fig.3. Ant Colony Optimization Convergences Characteristics.

V. CONCLUSION

Wireless sensor network is tightly constrained for resources
like memory computational power and energy that is the
major problem. The use of Ant Colony Optimization that we
ameliorated and the energy regeneration by using solar energy
panels optimize the routing method, which leads to minimize

the

path length and extends the network lifetime.

In the future, a comparison between other methods and our
proposal will be performed.
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Abstract— Maintaining effective and successful work in
uncertainty is challenging in a niche sector such as aviation and
all industries and situations. The situation is a little more
complicated, especially in a sector such as the aviation sector,
where the rules are not stretched and where one should always
be on the alert. For these reasons, it is precious for businesses
that carry out airline operations to analyze arriving passengers
and understand whether there is a pattern among passengers.
Although there are many factors affecting the arrival patterns
of passengers, some of them are particularly noteworthy. For
example, factors such as whether the flight is domestic or
international, the season in which the flight takes place, and the
flight hours take place to provide a broad perspective on the
arrival patterns of the passengers at the airport. For example, it
can be stated that while passengers on international flights see
earlier arrival patterns at the airport, last-minute arrivals are
more frequent on domestic flights. Similarly, in domestic flights,
different passenger arrival patterns have been determined for
the arrival airport, depending on the seasonality of the
countries. On the other hand, according to the seasonality of the
nations (for example, the opening of schools and national
holidays), different passenger arrival patterns have been
determined for the destination airport. Analyzes were carried
out in Python and Excel and included case study outputs.

Keywords— Aviation, Pattern Analysis, Passenger, flights

I. INTRODUCTION

Although it is not very long ago that people make sense of
data in the business world, the development of the concept of
data analysis has accelerated with the digitalization of our
world [1]. The key to successful business progress is correctly
analyzing the factors affecting the business. Data analysis has
gained meaning, especially recently, and it has given
importance to the work done by providing various predictions
to business owners. If the data analysis is done correctly, it is
helpful to see the business's different aspects and negative or
positive factors. It even enables accurate and successful
predictions by taking it one step further. Considering the value
that a business model built on successful forecasts will bring,
the importance of data analysis is emphasized.

Since the aviation industry, whose rules are strictly
defined, is a niche industry, the results are striking when data
analysis is performed. Factors such as flight time, departure
and arrival point, flight season, and whether the flight is on
weekdays or weekends are essential factors in the
classification of flights as well as passengers. A meaningful
data analysis can only be made from existing data, new
features can be created using existing data, and extended
results can be obtained by including them in the analysis.
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Before the data world was so digitalized, descriptive
statistical analyses were carried out. Then exploratory data
analysis (EDA) [2][3] and later machine learning analyses
developed with the development of technology [4].
Simultaneously, data visualization processes have also
improved. Advanced data analyses and visualizations are now
performed on Excel and in programming languages such as
Python and R libraries. In this way, data analysis and
visualization have reached vital importance not only in the
academic field but also in the industry. Descriptive Statistical
Analysis only describes the data, but exploratory data analysis
(EDA) questions whether there are any anomalies or salient
points in the data [5]. In this case, descriptive analysis is
performed by accepting the hypothesis at first, then
exploratory data analysis (EDA) is applied to the dataset, and
the data is visualized so that it can be read meaningfully. Data
that makes sense with visuals are frequently encountered in
business reports. Instantly changing pages in many sectors,
such as the aviation industry, are based on these analyses. For
example, interactive graphics can be included on the home
pages of the applications to track the instantaneous change in
passenger numbers according to various factors. Thus, both
passengers and airline operators can follow instant changes
and take action for their own benefit.

1. EASE OF USE

The study was analyzed on real data from a niche sector
such as the airport. It is comparable to analyzes for airports
and includes actionable results for a better passenger
experience. As different data sets can be created at various
airports, passenger behaviors vary according to many factors.
Therefore, much more data is needed to generalize the outputs.
For example, analysis results may differ when data containing
more airports and flights are included.

1. ANALYSIS

This paper uses our private airport data, which has 32907
rows and 27 columns. Columns are listed in the table-1 with
descriptions, non-null counts, types, and examples. New
features were also generated based on the STD column listed
in Table 2 with the same explanations as Table 1.

TABLE I. RAw DATA SET (SOME FEATURES)
Column | Column Description Non- Data Example
Name Null Type
Count
INT/DO | Whether the flightis | 320907 | Object |
M international or
domestic




STD Scheduled Time 320907 | Datetime | 2021-11-
Departured 64[ns] 07
11:50:00
tota_pax | Total passenger 320907 | Int64 185
_count_a | number for all points
Il_points | at the airport
Total_pa | Check in Passenger 320907 | Int64 145
x_count | number
checkin
Checkin | Rate of check ins 320907 | Float64 0.7837
rate
360-330 | Time slot before 360- | 320907 | Int64 0
330 minutes of the
flight (There are 12
time slot columns at
half hour intervals)
delay Delay of flight in 320907 | Float64 27.000
minutes
TABLE Il GENERATED FEATURES
Column Column Non- Data Example
Name Description Null Type
Count
day_of week Day of the week 32854 | Int64 0
for flight
week Weekday or 32854 | Object | weekday
weekend
information
day_of year Day of the year 32854 | Int64 101
for flight
month Month of the 32854 | Int64 3
flight
seasons Seasons of the 32854 | Object | Summer
year
my_timezones | According to 32854 | Object | Morning
hours, name the
timezone
flight_count Whether the flight | 32854 | Object | Few_flight
is less than 400 or
not

Year, month, and week are generated with the Python
DateTime library based on the STD column. Monday,
Tuesday, Wednesday, Thursday, and Friday are weekdays,
and Saturday and Sunday are weekends. Seasons are
generated with the following rule; December, January, and
February are defined as winter; March, April, and May are
defined as spring; June, July, and August are defined as
summer; and September, October, and November are defined
as fall seasons. According to the flight industry, between 2
AM and 5 AM are defined as night, between 5 AM and 11
AM as the morning, between 11 AM and 8 PM as noon, and
between 8 PM and 2 AM are defined as evening. The dataset
needs to be well-distributed for the number of flights, so
flights with less than 400 views are labeled as few, and flights
with more than 400 views are labeled as many.

After generating new features, there might be irrelevant
rows in the data frame; for instance, if there are no passengers
in all time slots, this analysis will be unnecessary; therefore,
these rows are deleted. In our private data, all departure
airports are ADB, so it is nonsense to use the from_airport
feature so that the column is deleted. Moreover, there are some
unknown aircraft types written as 'XXX,' which is also
irrelevant to the analysis; therefore, rows with aircraft types
are XXX also deleted. Finally, data is not well distributed, so
there are various airlines and flights. For the analysis's sake,
airlines that occurred less than six times are deleted from the
data set.
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Fig. 1. Correlation Heatmap of Data Set

Correlation values were calculated and shown on a
heatmap in order to see the features that may be related to each
other in the data set. According to the heatmap in Fig. 1, ahigh
positive correlation was observed between the periods in the
180-90 range and the check-in rate. In other words, it can be
said that the passengers arriving at the airport during this
period are those who have checked in. As seen in the
following chapters of the study, most passengers arriving at
the airport by checking in between 180-90 times are
passengers on international flights. In addition, a relatively
high correlation was calculated between the delay time and the
240-210-time interval. Negative correlation computed values
do not make sense since they are very close to 0. Therefore, in
general, it can be said that there is no negative correlation.

The analysis is based on the flights, passengers, check-in
rates, and flight delays.

A. Flights

In Fig. 2, the x-axis gives the number of flights, and the y-
axis shows the information on domestic/international,
weekend/weekday, and time zone of flights. Colors are
distributed for the seasons.

Number of Fiighis Totals

Fig. 2. Distribution of Flights

According to the Fig. 2, flights are grouped with
international/domestic, weekday/weekend, time zone, and
seasons. It can be said that a maximum number of flights
occurs in Domestic, weekday, and morning during the fall
season, and the minimum number of flights occurs a domestic,
weekend, and night for all seasons. Also, domestic, weekday



and noon flights are much more than the rest of the data set.
For international flights, it can be said that the maximum
number of flights are in the summer season with the
information of weekdays, noon. It can be stated that for the
international weekday night flights, in the winter season, there
are few flights. Overall, it can be noted that the fewest flights
took place at night. While the mornings are suitable for
domestic flights, noon is preferred for international flights.

B. Passengers

Passenger analyses are made into three groups. The first
group is named all passengers, and the second is check-in
passengers. The third group is analyzed under the 12-time
slots based on their arrivals at the airport. Moreover, data is
grouped with domestic/international flights,
weekend/weekday flights, time zones, and the seasons of
flights.

Seasons
-
spring

—inter

100000

00000

Fig. 3. Distribution of All Passengers

In Fig. 3, the x-axis gives the number of passengers, and
the y-axis gives the information on domestic/international,
weekend/weekday, and time zone of flights. Colors are
distributed for the seasons. According to the Fig. 3, like the
distribution of the flights, there is a difference between
international and domestic flights. For domestic flights,
weekday morning and weekday noon are the most preferred
time zones in all seasons. On the contrary, weekday and
weekend nights are the least preferred time zones for domestic
flight passengers. For international flights, passengers
preferred weekday noon flights with respect to other time
zones in all seasons. It can be said that international flights are
increased in the fall and summer seasons. However, the winter
season is the least preferred season for international flights.
The preferences are based primarily on the national holidays
and the exact seasons, such as school opening closings.
equations consecutively.

NTDOM

winter

00000

Fig. 4. Distribution of Check in Passengers
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In Fig. 4, the x-axis gives the number of passengers who
made check-in procedures, and the y-axis shows the
information on domestic/international, weekend/weekday,
and time zone of flights. Colors are distributed for the seasons.
Contrary to the all-passenger plots in Fig. 3, international
passengers are made check-in procedures more than domestic
passengers. Therefore, in Fig. 4, the maximum number of
passengers is located on the international, weekday, and noon
flights, especially for the summer and fall seasons. It can be
said that international passengers tend to make check-ins for
the summer fights but not for the winter flights. It can be seen
from the Fig. 4; check-in procedures are made less for
domestic flights. On the contrary to international flights,
domestic flights mostly happen in the summer and winter
seasons. Most domestic passengers preferred weekday
mornings for their flights.

C. Passengers over Time Slots

Passengers are grouped by the 30 minutes periods. It starts
with a 360-300 slot that is 360 minutes before the flight and
continues like that. The difference is noticeable, especially for
domestic and international flights. Most of the passengers
arrive at the airport between 180-60 minutes; from Fig. 6, it
can be easily seen the number of passengers from the x-axis.
For domestic flights, the last period arrivals are more usual
than for international flights, specifically between 90-0
minutes. However, when international flight passenger arrives
at the airport between 180-120 minutes, domestic flight
passenger has yet to be seen at the airport.

Fig. 5. Distribution of Check in Passengers

Both international and domestic flight passengers usually
choose to come to the airport between 120-90 time slots. It can
be stated from Fig. 5 and Fig. 6 that arrival patterns are
distributed mainly on the type of flight; domestic or
international.

D. Check in Rates

When the check-in rates of incoming passengers are
examined according to whether the flight is domestic or
international, season, time, and weekdays, it can be seen from
Fig. 7 that the most significant difference is between domestic
and international flights. The check-in rates of domestic
flights are much lower than the check-in rates of international
flights. Especially in the autumn period, there is a severe



Fig. 6. Distribution of Check in Passengers

proportional difference between them. Therefore, Check-in
rate differences may be due to the fact that domestic flights
are fewer in autumn.

Fig. 7. Distribution of Check in Rates

The check-in rate distribution of all flights without any
grouping can be found in Fig. 8. The reason for the check-in
rate appearing above 1 is that there are people who appear
twice in our dataset, but we decided to keep it as this did not
disrupt the course of the analysis. When we look at the check-
in rate distribution graph, it is possible to say from Fig. 8 that
0Os and 1s are in weight, but the average is 0.5.

oo 02 04 06

checkin rate

08

Fig. 8. Distribution of Check in Rates-Ungrouped

E. Delay Averages

Fig. 9 shows the average delays of the flights.
Accordingly, it can be said that most delays occur in the
summer months. In this chart, the distribution according to the
season distinction and the period of the day of the flight rather
than the domestic/international distinction draws attention.
The average delays are directly proportional to the excess
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Fig. 9. Distribution of Delays in Avereages

flights in those periods. The highest average in international,
weekend, and evening summer flights was recorded as 50.50
minutes. The lowest average was recorded as 6.35 minutes for
domestic flights in the winter and autumn, from the periods
with the least flights.

V. DISCUSSION AND FURTHER WORKS

In this study, a special data set was created, and some
analyzes were carried out by questioning the similarities and
differences of the flights in different categories, the analysis
of the behavior of the passengers at the airports, and whether
there was a specific pattern. The most apparent difference
from the outputs is the differences between domestic and
international flights. The following output is that the flight
frequency increased and decreased according to the time of
day the flight took place. In addition, seasonal flight
differences also differed in domestic and international flights.
Flights and passengers were examined in terms of season,
flight type, and temporal, as well as flight delays and check-in
rates. In addition, the features that can be positively or
negatively related to each other according to the correlation
between the components in the data set were examined.

Future studies it is aimed to develop the analysis with a
more extensive and diverse data set. The scope and results of
the analysis will be developed with data from different airports
and parameters that can be generated. Thus, the passenger
arrival pattern will be drawn, the flights will be classified, and
studies will be carried out to provide a more effective airport
experience.
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Abstract— Skin cancer is common and a serious disease,
which can lead to death if not treated in time. Melanoma is the
rarest and most dangerous type of skin cancer. It causes the most
deaths. As in all diseases, early and correct detection of skin
cancer are very important. It is expected that melanoma cancer,
which is aimed to be detected using deep learning in this project,
will be of great convenience for the patient and the doctor.
Nowadays, the importance of artificial intelligence has increased
to a great extent. The main purpose of the project is to help the
early diagnosis of patients with skin cancer and to save time for
the health system, thus enabling the initiation of fast and effective
treatment methods. The spread of such a project in our country
and in the world will make people's lives easier. Artificial
intelligence is developing in many areas, such as in the field of
health. Owing to these developments in the field of health,
physician, and patient comfort increases. In this study, the data
from the ISIC (The International Skin Imaging Collaboration)
Archive were trained with a deep learning algorithm. Using the
deep learning method, it was determined by the software that the
'nevus' in the body was malignant or benign over the appropriate
camera apparatus. Thus, early diagnosis is provided, and
patients will be able to consult their doctors. The developed
algorithm has achieved a good result by detecting moles with
nearly 100% success and the accuracy rate was 88% in the SSD
(Single Shot Multibox Detector) MobileNet V2 method and 89%
in the ResNetl01 (Residual Network) method. With these
conclusions, it is seen that the study will shed light on future
studies and diagnosis systems based on mobile health.

Keywords—Deep Learning, Melanoma Cancer, Artificial

Intelligence, Early Diagnosis

I. INTRODUCTION

The use of artificial intelligence has become very common
in the field of medicine, as it is in many fields today. Artificial
intelligence provides great convenience in cancer treatment,
radiology, psychiatry, drug development, analysis of
pathology images, tissue engineering, eye diseases, genetic
engineering, and many other fields. With the spread of
artificial intelligence, it is aimed to make human life easier.
Especially in the field of health, early diagnosis is of great
importance. Since its first appearance, many achievements
have been made in different fields. As examples of these
achievements in the field of health, artificial intelligence is
also used in the diagnosis of many retinal diseases such as
detection of diabetic retinopathy complication, age-related
macular degeneration, detection of premature retinopathy and
tumor detection, diagnosis of mental diseases, applications to
manage stress, anxiety, depression, diagnosis of Alzheimer's.

In addition to these, the most well-known medical
artificial intelligence applications are IBM Watson for
Oncology and Watson for Drug Discovery, WDD.

Melanoma is a cancer of cells called melanocytes in the
skin. These are the cells that give skin its color [1]. Melanoma
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is the most dangerous and rarest type of skin cancer. It is seen
because of uncontrolled proliferation of melanocyte cells that
give color to the skin. Genetic predisposition, exposure to UV
rays are the causes of the disease. If left untreated, it can
spread throughout the body. It can be seen as black, brown,
blue, purple spots on any part of the body.

As shown in Fig. 1, melanoma cancer spreads under the
skin [2]. Their color is usually dark. As it gets deeper under
the skin, the risk ratio increases.

Fig. 1. Melanoma [2].

Early diagnosis of melanoma is vital. Many melanomas
are curable by excision if they are detected early. Under
favour of the artificial intelligence to be developed, it is aimed
to make an early diagnosis and refer the patient to the doctor.
In the studies, it was obtained by using many different
methods of artificial intelligence among themselves.

Using Google Inception V3 method in Deep
Convolutional Neural Network, J. Emuoyibofarhe and D.
Ajisafe reached 81% accuracy and 84% sensitivity. Their
training images have 879 for benign and 879 for malignant
and test images are 300 for benign and 300 for malignant
from ISIC (The International Skin Imaging Collaboration)
dataset. They used three method which is 3-layer
Convolutional Neural Network (3_CNN), VGG16 and

Inception V3 (IV3). 3_CNN result is accuracy of 71.17%,
sensitivity of 67.67%, precision of 72.76% for loss 0.94.
VGG16 result is accuracy of 76.67%, sensitivity of 78%,
precision of 75.97% for loss 0.75. V3 result is accuracy of
81%, sensitivity of 84.33%, precision of 79.06% for loss 0.49
[3].

E. Ozturk and S. Icer divided the data they received from
ISIC into two main groups: 30 melanoma, 30 benign and 60
images. They have been classified with the feedforward neural
network and decision trees algorithm in MATLAB, and with
the WEKA program for the random forest algorithm. The best
result was obtained in the feedforward artificial neural
network with 83.3% [4].

T. T. Do et al. used lesion segmentation method. This
method includes Otsu’s method and Minimum Spanning Tree
(MST). Then they combined these two methods and tested.
They separated images two classes which is benign and



malignant. There are totally 184 color images, which is 117
images of benign nevus and 67 images of malign melanoma.
The accuracy of their proposed method is 80.09% [5].

D. Bisla et al. used the images from the ISIC test data set.

It contains 600 images (117 melanoma images, 90 seborrheic
keratosis images, and 393 nevus images). For the task of
lesion classification, they utilized a ResNet50 architecture
pre-trained on ImageNet data set with final fully connected
layer modified to output probabilities of lesion being in each
of the classes. They obtained accuracy of 81.6% with using
deep learning [6].

A. A. Ali and H. A. Marzougi used ISIC dataset and
LightNet (deep learning framework) method for
classification. Their classification is benign and malignant.
They found the accuracy of 81.6% [7].

B. Harangi constituted three class which is nevus (benign),
melanoma and seborrheic  keratosis. The available
training/(test) set contained 2000 / (600) images with manual
annotations regarding the three different classes in the
following compounds: 1372 / (393) images with nevus, 254 /
(90) images with seborrheic keratosis, and 374 / (117) with
malignant skin tumors.

There are several possibilities for data augmentation, such
as cropping random samples from the images or horizontal
flipping or rotating them with different angles (e.g., 90°, 180°
and 270°). Using these transformations, they have generated
14.300 images from the originally provided 2000 training
ones. That is, they have increased the several images from
1372 to 8200 for nevus, from 374 to 4600 for melanoma, and
from 254 to 1500 for seborrheic keratosis. They found average
accuracy of GoogleNet 84.2%, AlexNet 84.8%, ResNet
82.8%, VGGNet 81.3%, SP 86.7%, PP 86.1%, SMV 90.3%,
SMP 86.8% w(1)SMP 86.9%, w(2)SMP 86.6% and average
AUC of GoogleNet 84.8%, AlexNet 83.0%, ResNet 80.9%,
VGGNet 80.8%, SP 87.5%, PP 87.5%, SMV 83.9%, SMP
88.4% w(1)SMP 88.6%, w(2)SMP 89.1% [8].

S. Kalouche used ISIC dataset. He used VGG-16 and CNN
methods in his study. He separated the benign and melanoma
dataset for classification. He found the accuracy of 78% [10].

V. Singh and I. Nwogu used ISIC dataset. They used deep
CNN method. They separated the dataset as benign and
malignant for classification. They found the accuracy of
80.3% [9].

In this study, melanoma was divided into two classes as
benign and malignant. As a result of this classification, the
data were trained with two different CNN algorithms. The
first of these is SSD MobileNet V2, the second is SSD
ResNet101 V1FPN. Post-training data were tested. At the
same time, an accurate result was obtained by testing with the
real time camera apparatus. Thanks to this software, patients
will be able to detect melanoma much more easily and
quickly.

Il. MELANOMA TYPES

A. Benign

Benign tumors develop on the skin in different types.
Benign is a type of nevus and is found on many human skins.
While they incorporate the possibility of change, spread and
malignancy, they may never be able to do so. Most of these
tumors rarely, if ever, turn into cancers.
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Moles, or examples of benign melanoma, represent
clusters of pigment cells known as melanocytes. When these
cells are grouped together, they produce round or oval-shaped,
brown, black, or sometimes pink patches on the skin. A benign
example from the ISIC Archive dataset [12] is given in Fig. 2
(a). They can hardly be larger than a fingertip [1].

B. Malignant

Malignant melanoma is a type of skin cancer that develops
from pigment-producing cells found in the surface layer of the
skin (epidermis), known as melanocytes. Melanomas
typically occur on the skin but may rarely occur in the mouth,
intestines (mucosal melanoma), or eye (uveal melanoma).

Most of them appear as brown-black pigmented lesions
on the skin. It often develops from existing nevi known as
"moles", which may have disfigurement, itching, ulceration,
or bleeding. Because most melanoma cells produce
melanin, melanomas are usually brown or black. A
malignant example from the ISIC Archive dataset [11] is
given in Fig. 2 (b). But some melanomas do not make
melanin and may appear pink, tan, or even white.

Melanoma is not very common, but it is the most
dangerous and deadly skin cancer. It spreads very quickly,
so early detection is very important [1].

1. MATERIAL METHOD

A. Dataset

From the ISIC Archive dataset, 1000 malignant and 1000
benign were used. Of these, 80% were used in training (1600)
and 20% in testing (400). These images were trained first with
the MobileNet algorithm, and then with the ResNet algorithm.

-
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Fig. 2. (a) Bening. (b) Malignant [12].

B. CNN

Convolutional Neural Network is a deep learning
algorithm that helps to distinguish various objects or objects
in the image from each other. The convolution layer includes
convolution, activation function (ReLu) and pooling steps. It
allows extracting low-dimensional features from high-
dimensional data.

The purpose of the convolution operation in the first stage
of the convolution layer is to extract features from the image
[14].

The mathematical formula of the convolution operation is
given in (1).

( * Wmn]=2; 2 hfj, k] f(m—j,n—k) @



Here the input image f and h are the filter. The row and
column indices of the output matrix are m and n, respectively.
J and k represent the position of the filter. Outputs of the
convolution layer are followed by ReLu as the rectifier unit,
and if the input value is negative, it returns zero.
Mathematically, it is shown in (2).

0, &x<0
{f(x)Z {x, xEO} 2

In the convolution layer, features are extracted from an
input image. In the convolution layer, the image features are
learned using the pixels of the input data and the relationship
between the pixels is preserved [12]. There are four basic
concepts in the convolution layer.

1. Convolution

Convolution is the mathematical operation between the
input and filter matrices, and the output is a matrix.
As a result of convolution, image derivatives of the same size
as the original image such as horizontal edges, vertical edges,
angular edges, softened image, sharpened image are obtained
[13].

2. Padding

Padding is the several pixels added to the input matrix as
it is processed by a convolutional neural network. It allows
controlling the size difference between the input and output
matrix after the convolution process. Pixels are added to the
frame of the image to provide more space for the kernel to
overlay the image [13].

Adding padding to the image processed by the
convolutional neural network allows for more accurate
analysis of images.

3. Stride

The stride (shift step) specifies how many steps the kernel
matrix will be moved over the input matrix. If the several
strides are 1, the filters are moved to 1 pixel at a time.
Similarly, when the several strides are 2, the filters are moved
to 2 pixels at once. The smaller the step value, the larger the
output (and vice versa) [13].

4. Pooling

The pooling layer progressively reduces the spatial size
of the representation to reduce the several parameters and
computations in the network. This is also useful for extracting
dominant features that are rotationally and positionally
invariant, maintaining the process of training the model
effectively [14].

There are two types of pooling: maximum pooling, which
gives the maximum value from the part covered by the kernel,
and average pooling, which gives the average of all values in
the part of the image covered by the kernel.

C. Fully Connected Layer

The reason for using the convolutional neural network; is
to develop a classification model and ensure that the inputs of
this model are correct.

The fully connected layer is located after the pooling layer
and comes into play when we are in the final stage of the
convolutional neural network. The output obtained because of
the pooling layer is converted to a one-dimensional vector in
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this layer. The reason for this is that the input converted into
a one-dimensional vector will be added to the neural network.
The inputs to be given to the model must be in the form of a
1-dimensional linear vector. Therefore, flatten and fully
bonded layers are needed [17].

MobileNet: It is used for mobile and embedded vision
applications. Compared to other models, it is much faster as
performance and smaller size [15].

MobileNet is smaller in size than other models and
therefore faster. It is would rather for advancing mobile
applications. In depth split convolutions, a single filter is
applied to each input layer, and some use 1x1 convolutions.
Pass over the Fully Connected Layer that feeds the softmax
layer, a batch norm and ReLU nonlinear activation layer
follows each layer to classify the output. It is separate to two
layers in depth separable convolution, with split layer
processing for filtering and merging [16]. The architecture of
SSD MobileNet shows in Figure 3.

Output
300x300

Input
300x300
38x38x512
19x19x1024  19x19x1024

10x10x512
5x5)

MobileNetv2
(Base Network)

S5O Layers

Fig. 3. SSD MobileNet Architecture. [17]

SSD (Single Shot Multibox Detector) merges predictions
to multiple property maps of different sizes. The SSD is
designed to be impartial of the fundamental network and
therefore can run on just about anything, including MobileNet
[16].

The output of the fundamental network is typically a 7x7
pixel image. To reduce the size from 7x7 to 1x1 pixels, the
classifier first uses a general pooling layer, then a classification
layer and a softmax [16].

Not only just the last fundamental network layer, but also
a number of prior layers are output and infeeded the SSD
layers. The mission of MobileNet layers are to convert the
pixels in the input image into attributes that explain the
comprehension of the image and carry out it to other layers.
Therefore, MobileNet is used as a feature extractor for a second
neural network [16].

Residual Network (ResNet101): In this architecture, to
increase the performance rate to higher levels, the transition
to the next lower layer was made by not considering the
change between some layers [18].

Designed to be deeper than any architecture designed so
far, Resnet has different layers among itself, but Resnet101
has 101 layers. The biggest feature that distinguishes it from
other architectures is that the residual values are formed by
adding the blocks feeding the next layers to the model. This
value, which is added in every two layers between Linear and
ReLu activation codes, changes the system account as stated
[18]. The structure of the ResNet-101 based deep feature
extractor shows in Figure 4.
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IV. RESULTS

The developed algorithm has achieved a good result by
detecting moles with nearly 100% success and performing
benign and malignant error matrix classification at 98%. With
these conclusions, it is seen that the study will shed light on
future studies and diagnosis systems based on mobile health.

A. Confisuon Matrix

1. True Positive (TP): If input is true, output is true. TRUE

2. True Negative (TN): If input is false, output is false.
TRUE

3. False Positive (FP): If input is true, output is false.
FALSE

4. False Negative (FN): If input is false, output is true.
FALSE

SSD MobileNet V2 Results

TABLE I.

CONFUSION MATRIX RESULTS OF THE SSD

MOBILENET V2 AND RESNET101 ALGORITHM.

True
Data

SSD MobileNet V2
Prediction Data BENIGN | MALIGNANT
BENIGN 186 14
MALIGNANT 35 165
ResNet101
BENIGN 181 19
MALIGNANT 26 174

According to Table 1, the TP value is 186, the FN value is
14, the FP value is 35, and the TN value is 165 of the SSD
MobileNet V2 algorithm.

(b)

Fig. 5. Test Results of MobileNet algorithm (a) Benign. (b) Malignant.

Benign test result of training of SSD MobileNet V2
algorithm of benign and malignant images from ISIC Archive
dataset [11] are shown in Fig. 5 (a) and malignant test result
of training of SSD MobileNet V2 algorithm is shown in Fig.

5 (b).

The SSD MobileNet V2 algorithm test results of the
accuracy, error rate, sensitivity, specificity,
precision, recall, F1 Score values are shown in (3), (4), (5),
(6), (7), (8), and (9).

Accuracy (Acc): The
classification gives the accuracy value.

training,
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Accuracy

collection rate of the correct

=(TP+TN)/ Total 3)

Acc = (186 + 165) / 400 = 0.8775
Error Rate: The collection rate of the misclassification gives
the error rate.

Error Rate = (FN + FP) / Total 4
Error Rate = (14 + 35) / 400 = 0.1225
Sensitivity: The ratio of accurately predicted data to actual
data gives the precision.
Sensitivity = TP / True Data (5)
Sensitivity = 186 / 200 = 0.93
Specificity: The term specificity is used to predict the
nonexistent.

Specificity = TN/ (TN + FP) (6)
Specificity = 165/ (165 + 35) = 0.825
Precision: The ratio of correctly prediction data to the total
data give the precision.
Precision = TP/ (FP + TP) ©)
Precision = 186 / (35 + 186) = 0.842



Recall: It shows how many of the transactions that should be
predicted positively are predicted positively.
Recall = TP/ (TP + FN) (8)
Recall = 186 / (186+14) = 0.93
F1-Score: It is the harmonic average of precision and recall
[20].
precision x recall

Fi=2x—F—F——
precision + recall

©)

0.842x 0.93
172X 08421093
ResNet101 Results
According to Table 1, the TP value is 181, the FN value is

19, the FP value is 26, and the TN value is 174 of the
ResNet101 algorithm.

F 0.884

Fig. 6. Test Results of ResNet algorithm (a) Bening. (b) Malignant.

Benign test result of training of ResNet101 algorithm of
benign and malignant images from ISIC Archive dataset [12]
are shown in Fig. 6 (a) and malignant test result of training of
ResNet101 algorithm is shown in Fig. 6 (b).

The ResNet101 algorithm test results of the training,
accuracy, error rate, sensitivity, specificity, precision, recall,
F1 Score values are shown in (10), (11), (12), (13), (14), (15)
and (16).

Accuracy:
Acc = (181 + 174) / 400 = 0.8875 (10)
Error Rate:
Error Rate = (19 + 26) / 400 = 0.1125 (11)
Sensitivity:
Sensitivity = 181/ 200 = 0.905 (12)
Specificity:
Specificity = 174 / (174 + 26) = 0.87 (13)
Precision:
Precision =181/ (26 + 181) = 0.874 (14)
Recall:
Recall =181/ (181 + 19) = 0.905 (15)
F1-Score:
(16)

0.874 x 0.905
F,=2

=2X 087450905 889

Real time detection was made with the camera apparatus.
As a result, benign moles were found to be benign. All moles
tested in real time were found to be benign as expected. This
shows the success of training. Under favour of the ResNet101

network, a layered flat network architecture with lower filters
and lower complexity is used. ResNet101 has a higher capture
rate than SSD MobileNet V2. With this study, moles on the
skin can be detected instantly whether they are benign or
malignant.

benign: 76%
7

Fig. 7. Benign with real time detection from camera.

According to the Fig. 7 taken from the camera with real
time detection, the benign sees mole very easily. The proposed
model has obtained quite satisfactory results for binary
classification. In Table 3, there is a comparison of the
performance evaluations of previously studied deep learning
and machine learning approaches with the proposed model.

TABLE II.
WITH OTHER PREVIOUS STUDIES.

COMPARISON OF THE PROPOSED METHOD

Approaches Dataset Method Accuracy
(%)
J. ISIC 3_CNN, 71.17,
Emuoyibofarhe  Archive ~ VGG16, 76.67,
& D. Ajisafe V3 81
E. Ozturk & S. ISIC Feedforward 83.3
Icer Archive  Neural
Network
T.T.Doetal. ISIC Otsu’s 80.09
Archive method and
MST
D. Bisla et al. ISIC ResNet50 on 81.6
Archive  ImageNet
A. A AliandH. ISIC LightNet 81.6
A. Marzoudi  Archive  (deep
learning
framework)



B. Harangi ISIC AlexNet, Average
Archive VGGNet, accuracy
GoogleNet 83.8
S. Kalouche ISIC VGG-16 78
Archive CNN
V. Singhand1l. ISIC Deep CNN 80.3
Nwogu Archive
ISIC SSD 87.75
Archive MobileNet
V2
ISIC ResNet101 88.75
Archive

V. CONCLUSIONS

Benign and malignant melanoma were detected with high
accuracy by the methods used in this study. The model
established on the ISIC Archive dataset, which is a publicly
available dataset, have received results that can compete with
other studies in the literature. This study is important in terms
of the approach it brought to the literature and the high scores
it received.

According to the comparison of Resnetl01 and SSD
MobileNet V2, it is seen that ResNet101 gives better results.
According to ResNetl101, the accuracy rate is 89%, and
according to SSD MobileNet V2, the accuracy rate is 88%.
The following items can be listed as advantages and
disadvantages between the two:

ResNet101 gives better results in object detection
than SSD MobileNet V2. This ensures that the
specificity feature is higher.

SSD MobileNet V2 gave higher results than
ResNet101 during object detection.

ResNet101 gives better accuracy in object detection
than SSD MobileNet V2.

SSD MobileNet V2 gives better results in sensitivity
than ResNet101.

The future work of this study is to develop mobile
application, and more precise mobile software. In this way,
patients will get a preliminary knowledge before going to the
doctor and will save patient time. This application will also
help health system.
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Abstract— Facial recognition technologies have become
essential bioresearch topics in recent years. Artistic concerns
that began in ancient times led to the development of some
proportional criteria, such as the golden ratio, from architecture
to evaluation of facial features. With the development of deep
learning algorithms, a finite number of facial key points can be
extracted from the face images of the person, and the
proportions established between these points, also called
centroids, are used in recognition methods. As a further step in
solving the face recognition problem, the deep learning
network's last layer (classification layer) is removed, and longer
identification vectors of the target face are created. As a result,
the problem turns into systems where the vectors of the face
lines are compared with each other, and classification is made
according to a threshold criterion. In this study, using the LFW
dataset, the critical face points of well-known people and then
the face vectors were obtained, and the performance of the
abstract vector extraction of each face in terms of "'recognition™'
and “discrimination” was examined. With the vector
summarization method applied in the study, more than seven
thousand people of LFW dataset, having at least three pictures
were examined, and the classification performance metrics of
the proposed algorithm was measured.

Keywords— Al, deep learning, face embeddings, face vectors,
vector summarization, face detection, abstract vector method

I. INTRODUCTION

People wanted to teach computers how to mimic a person
in every aspect for a long time. In recent years, academic
studies have established a system that recognizes the human
face and obtains specific results from this output [1]. Face
recognition functionality is significant because of its ease of
use through wide range of applications, including the military,
media, law, and politics [2]. Even though there are many
methods to recognize a person, for instance, voice, body
shape, etc., the face is the most distinguishing characteristic to
identify [3].

Face recognition is defined as identifying objects, people,
and human faces from a video or an image and comparing
them to tagged people in the database. It typically includes the
following processes: defining background and face
boundaries; normalizing images; extracting facial features;
recognition, and verification. As with every data set and
artificial intelligence problem, the face recognition system
also has difficulties. At this point, the features that create
diversity in the person's appearance, glasses, beard, makeup,
hairstyle, pose, etc., make it challenging to identify the person
[2][4]. Apart from the person's appearance, environmental
factors like the light balance of the image, the background, and
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the ratio or proportion can complicate the face recognition
problem [2].

There are generally preferred models in face recognition
problems, and they consist of two modules: feature extraction
and parsing. In addition, particular models can be
implemented to solve the problem, and combinations of these
models are frequently seen as a preferred method. The most
used models can be listed as follows [5]: Histogram of
Gradients (HOG) and Support Vector Machine (SVM)
Classifier in [6], HOG and Relevance Vector Machine (RVM)
Classifier in [7], Principal Component Analysis (PCA) and
SVM in [8], and a Convolutional Neural Network (CNN) in
[5].

Il. LITERATURE REVIEW

The concept of face recognition has been defined since
1986 [3], but in the last decade, it has accelerated, and several
models have begun to be used to detect faces. Face detection
is the first step of the face recognition process, for which Viola
and Jones used AdaBoost and generated a breakthrough
algorithm for it [2][9]. In the normalization step, which could
be considered the second step of the face recognition process,
it is found that the most effective and valuable techniques rely
on appearance-based methods [2]. The third step is feature
extraction, and there are some common usages, such as the
gray-level values of pixels arranged in a fixed (usual raster)
order which are one of the most prevalent feature types. In
addition to gray levels, more complex features are additionally
used, like wavelets [10], Gabor filter-based features [11][12],
and discrete cosine transform (DCT) features [13][14], which
produce results that are superior to gray levels. Due to their
resistance to normalization mistakes and minor variations in
lighting, local histogram-based features like local binary
patterns (LBPs) [15] and local ternary patterns (LTPs) [16]
have recently gained a lot of popularity [2]. The last step is
dimensionality, so the Eigenface method was established to
gain a lower-dimensional space [17][2]. However, there are
odd limitations of the Eigenface methods, so the linear
discriminant analysis (LDA) method is developed by applying
Fisher's linear discriminant criterion, which maximizes the
ratio of determinant of between-class scatter to the
determinant of within-class scatter in the embedded space [2].
Within the LDA method, the small sample size problem is not
solved. To overcome this problem, first PCA is used to reduce
dimension, and then LDA is applied as a two-stage
PCA+LDA method, which is also known as the Fisherface
method [2][18][19]. Nevertheless, the PCA+LDA method has
limitations as well, and to overcome these limitations, the



discriminative common vector (DCV) method has been
proposed [2][20].

In 2018, there were developments in face recognition
problems, so Khalifa and Sengul [21] used a combination of
HOG and LNP features. They also stated that dimension
alignment and illumination normalization of the facial images
considerably improve performance. Moreover, using the
correct k value in the k-NN classifier and proper image
features, 98.08% accuracy was obtained, slightly less than the
SVM, 98.79%.

In the 2020s, the new generation of ANNS, called Deep
Net, was defined under Deep Learning [22]. However, it is
known that the classifier decreases system performance and
success. These disadvantages suggested not using the
classification algorithms in the models. So, 128-D average
face vectors without any classification algorithm are used in
[22]. In the other study, the AT&T and real-time inputs'
accuracy is 98.75% and 98.00%, respectively [23].

I11. METHODOLOGY

In this study the Labeled Faces in the Wild (LFW) dataset
has been chosen as the base dataset and a subset of LFW
dataset has been created to include celebrities such that, the
identities having less than 3 images has been eliminated. Thus
7564 images of 898 celebrities have been collected. The main
building blocks of the study can be visualized by a block
diagram as shown in Figure-1.

LFW Dataset
Selection &
Digitization

Rectangular Face
Arca Detection &
Cropping

Manual & (tool
assisted) removal
of undesired
(inner-frame)
faces

Facial Landmark
Extraction (68
points)

Face Rect.

Alignment via

Landmark
Points

Projection of
each aligned
face back to an
empty black
image

Image
Resize(128,128)
& Produce
Embedding
Vectors<512>

LFW Sub
Dataset
Serialization to
File.

Figure 1- Classification flow

Each step of the process can be summarized as follows;

Digitization: The LFW dataset is organized in a folder
structure where each celebrity name has a separate folder
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including identity photos denoted by a naming convention.
The naming convention is in form of;
“name_surname xxxx_.jpg” fashinon where “xxxx” marker
is a 4-digit and zero-based ascending image index. Thus, in
digitization step celebrity photos were first grouped by name
and surname then sorted by image index. Then photos were
copied into memory in a dictionary structure where key is the
celebrity “name-surname” and values are the image index
denoted photos.

Face Detection: In this step each photo has been
introduced to face detection algorithm. The output of the
process is the upper left point of a rectangle with width and
height distances. When plotted onto the face, rectangle fully
covers visible part of the celebrity face area.

Noise Removal & Cropping: Some of the pictures include
multi person faces around target celebrity. A visual tool has
been developed to remove unwanted noise faces from the
person image so that each photo includes pixels of only target
person face. As a second step, target celebrity faces were
copped into a new in memory bitmap image.

Landmark Extraction: In this phase celebrity faces were
introduced DLib algorithm to derive 68-point facial
landmarks. Those two-dimensional data were kept into
memory for next step.

Facial Alignment: With the help of facial landmarks, each
cropped face image was aligned so that horizontal line that
connects two eye centers is perpendicular to the vertical line
that lies on the person nose.

Non-ROI Pixels Removal: In this step aligned faces and
their aligned bounding boxes were projected back onto a black
empty image where the new image size is same with non-
filtered original image size. Thus, each celebrity photo
included only one target face area and blackout pixels around
it.

Resulting output after alignment step, can be seen in GUI
as shown in Figure-2:

\
2

Figure 2 — Noise face removal with GUI

Embedding Vectors: Pre-processed celebrity images were
first resized to 128x128 pixels and then presented to a
Resnet_27 based CNN structure in such a way that the layers
after the last hidden layer of the CNN were deleted for feature
vector creation. Thus, each celebrity picture was represented
in a 512-dimensional new vector space.

Serialization Step: As the final step 7564 celebrity images
were transformed into a 513-size vector so that first column
denotes to the celebrity’s name_surname and remaining 512
vectors are the embeddings of the corresponding image face
pixels.



IV. TESTS AND RESULTS

The study aims to minimize face recognition processing
power and storage capacity requirements in systems by
comparing a newly detected face only with a single summary
vector of each person instead of comparing it with all image
vectors of each person. In the test and training processes, a
total of 7564 pictures from 898 different people, at least 3 for
each person, were used. In the defined test and train data set,
aregular face recognition system needs 7564 comparisons and
should store every 7564 vectors in DB to recognize a newly
detected face. However, only 898 comparisons will be enough
with the proposed summarization method. Furthermore, the
cosine similarity method which is shown in Eq. (1) was used
to compare 512-sized vectors (in the equation, A and B
represents the vectors) with each other. The cosine of the angle
between the person's vectors is evaluated in the testing process
with different threshold levels.

i=14iB;

VI Az 3B}

In the first test (kFold cross validation for k=1, simply
LOOCV), each image was extracted from the dataset and then
summarized abstract vectors of each person group were
generated without this image. The vector of this image was
then compared with all summarized vectors and recorded with
the comparison value that captured the highest cosine
similarity value. This process was repeated for all 7564
images and all results are evaluated as TRUE classification if
the image and best succeed summarized vectors of this image
are belong to the same person and cosine similarity is higher
than the defined threshold. After all the results were marked
as TRUE and FALSE according to different thresholds, result
shared in Figure-3 was obtained.

cos(8) = Q)

True Classification Ratio

0.8
0.6
0.4

0.2

Figure 3 -True positive rates according to threshold levels

Examining the initial test results, it appears that almost all
images (except 17 of them) achieved the highest cosine
similarity value with the correct summarized vector, but
approximately 2 percent of the images had an angle greater
than 45 degrees with their summarized vector. These results
show that a person whose summarized vector is generated by
the system can be classified with a very high probability.
However, this success is mostly related with the vector
extraction process and summarization method needs to be
evaluated in a different testing structure. Therefore, second
test is executed and following metrics are measured.

TP

Precision = )
TP + FP
P TP
Sensitivity = — . (3)
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TN

Specificity = ——— 4)
F1 Score = —+ (5)
2TP+FP+FN

In the second test, randomly picked 30 people with all their
images (229 images) and randomly picked 368 pictures of
other 868 are separated from the data set for testing.
Moreover, two different groups of comparison vectors were
created with the remaining images. First comparison vector
group is created by taking the averages of each remaining
person’s vector values. On the other hand, second comparison
vector group is created by just randomly picking one vector
for each remaining person. Thus, classification performance
differences between such methods “vector value averaging for
each person” and “keeping only one vector for each person”
could be measured.

The test data set consisting of 597 pictures was included in
the classification process with both comparison groups.
Maximum cosine similarity score and the score owner person
for each image in the test set are calculated and results are
classified as TP, TN, FP, FN with different cosine similarity
threshold levels. Figure-4 and Figure-5 shows the
classification results of two comparison group according to
the different threshold levels.

Classification Performance (Random Pick Method)

—6—Precision —— Sensitivity —»—Specificity ——F1
Figure 4 - Classification performance of random pick method

Classification Performance (Averaging Method)

—o—Precision ——Sensitivity —%—Specificity —&—F1

Figure 5 — Classification performance of averaging method



In both methods, defining 0.44 threshold for the cosine
similarity gives the best classification performance results.
The highest F1 score obtained with the random pick method
is 0.98623, while the highest F1 score obtained with the
averaging method is 0.99452. Averaging method gives 0.83%
better result at 0.44 cosine similarity threshold at which
perfect classification could only be 1.38% better than random
pick method.

As it is seen in Figure-6, the averaging method between
0.44-0.92 thresholds produces much more successful results
than the random pick method. The reason why the random
pick method is better after 0.92 is due to the fact that some of
the pictures in test set were also determined as summary
vectors.

F1 Comparision

1.2

e
IS

0.06
0.12
0.18
0.24

0.3
0.36
0.42
0.48
0.54
0.66
0.72
0.78
0.84

Threshold level

—4—F1 Averaging ——F1 Random Pick

Figure 6 — F1 score comparisons

Due to the images selected for the test set, the min best
cosine similarity score was 0.182. Therefore, the results do not
change for thresholds lower than 0.182. At the point where
threshold lost its effect, the F1 score was measured as 0.76 as
expected with both methods, as the classification still works
according to the highest score match.

V. CONCULUSION

In systems that store a single picture of people, instead of
storing a single picture vector, keeping the picture vector by
averaging in accordance with the federated learning logic and
keeping it increases the classification performance
significantly. Deep learning models can reach a very high
accuracy rate even in systems with a single image stored. In
this case, the processing power and disk usage required for
face recognition can be significantly reduced with the
federated learning supported averaging method.
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Abstract— The quality and length of life may be affected by
brain tumors, which are created when cells in the head region
proliferate out of control. Patients with misdiagnosed or late-
diagnosed brain tumors and untreated patients have a lower
chance of survival. Images obtained from MR imaging
equipment are typically used to diagnose brain cancers. Given
the rising number of patients and the high doctor density,
computer-assisted techniques are particularly helpful in the
diagnosis and categorization of brain tumors. In this study,
transfer learning techniques were used to classify brain tumors
from MRI data. In the study, a 4-class dataset made up of
glioma, meningioma, pituitary, and no-tumor was used in
addition to a binary data set of tumor and no-tumor. Repetitive
and unneeded regions in the images were eliminated by applying
image preprocessing techniques to the datasets. Following that,
classification was performed wusing the EfficientNet,
XceptionNet, and CoAtNet models, which modified the last
layer and used the weight values of the models trained on very
large datasets (imagenet). As a result, show that CoAtNet
performed best in multiclassification validation accuracy
(98.26) and EfficientNet in binary classification (99.98). When
compared to high-success studies with similar datasets, it was
observed that the success metrics were quite close to those of
these studies

Keywords—transfer  learning, coatnet, efficientnet,
xceptionnet, brain tumor, classification, medical image

I. INTRODUCTION

The brain is a massive, intricate structure that governs the
whole nervous system in humans and comprises about 100
billion nerve cells [1]. This vital organ is formed in the
brainstem, the core of the neurological system. Therefore, any
type of irregularity in the brain could be dangerous for
people's health. The most severe of these anomalies are brain
tumors.

Brain tumors are defined as abnormally growing cells in
the skull region. Typically, abnormal and uncontrolled cell
division is what causes a brain tumor. Both the brain and the
skull can develop these tumors; they can also start in the
tissues surrounding the brain.

According to the World Health Organization, brain tumors
account for less than 2% of all human cancers, but because of
their high morbidity and comorbidities, early diagnosis is a
critical idea in contemporary medicine [2].

The World Health Organization (WHO) has categorized
brain tumors into four classes [1]. Meningiomas are an
example of grade 1 and grade 2 tumors, while grade 3 and
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grade 4 tumors are more serious ones (e.g., glioma).
Meningioma, pituitary, and glioma tumor incidence rates in
clinical practice are roughly 15%, 15%, and 45%,
respectively.

Meningiomas, pituitary adenomas, and schwannomas are
the most commonly seen benign tumors, while gliomas, which
account for 78% of all malignant brain tumors, are included in
the category of malignant tumors. Most benign intracranial
tumors, or 10 to 15% of all neoplasms, are meningiomas,
which are the most frequent type. After meningiomas,
gliomas, and schwannomas, pituitary adenomas are the most
frequent intracranial tumors, commonly affecting patients in
their 30s and 40s. Schwannomas, which form along nerves
and are made up of cells that normally provide the nerve cell's
electrical insulation, also affect patients frequently in these
age groups. Glia, the brain's supporting cells, give birth to
gliomas, which include ependymomas, medulloblastomas,
astrocytomas, and GBM, the most aggressive kind of glial
tumor [3].

Depending on the location, size, and kind of tumor, there
are many treatment options for brain tumors. Surgery is
currently the most popular method of treating brain tumors
because it has no negative consequences on the brain [4]. The
inside state of the human body can be observed using a variety
of medical imaging technologies, including computed
tomography (CT), positron emission tomography (PET), and
magnetic resonance imaging (MRI). Since MRI is the only
non-invasive, non-ionizing imaging technique that provides
useful information in 2D and 3D formats regarding the kind,
size, shape, and location of brain tumors, it is regarded as
being the most advantageous among all imaging modalities

[5].

There are many artificial intelligence applications for
brain tumors such as automatic brain tumor classification,
brain tumor segmentation, and finding optimal routes to the
tumor as we developed before, and it is a very important field

[6].

Brain tumor classification is a multidomain problem that
requires designing the data collection, pre-processing,
denoising, segmenting, feature extraction, feature selection,
classification, and post-processing procedures.

In this study, multiple brain tumor classification was
performed with two datasets from Kaggle. The Kaggle
BR35H dataset [7] was used for binary classification
(normal/tumor), and the Kaggle Brain Tumor Classification
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dataset [8] was used for multi-class classification (normal,
glioma tumor, meningioma tumor, and pituitary tumor).

The work is organized as follows. In Section 2, the most
recent studies in the literature that perform automatic eye
disease detection with fundus images are presented. Methods
are explained in Section 3. Information about the dataset used,
architectures of transfer learning models, and the deep
learning model is given. And explains how the experimental
study was carried out. The preprocessing applied to the images
and the hyperparameters of the models are presented. In
Section 4, the experimental results and the success of the
models are presented. In Section 5, the conclusion and
discussion are presented and future work is mentioned.

II. LITERATURE REVIEW

For automatic brain MRI classification using ML and deep
learning approaches, many different methods have been
presented. Numerous studies using cutting-edge deep
convolutional neural networks have been written to address
binary and multiclass brain tumor diagnosis difficulties.

For quick and accurate tumor classification performance,
Kushwaha and Maidamwar [9] suggest a model that combines
the Saliency map with VGGNet, AlexNet, Inception Net, and
Xception Net models. The model's 95% accuracy, 94.1%
precision, and 95.6% recall make it suitable for low-error
applications for brain tumor classification. Kang et al. [10]
used many pre-trained deep CNNs to extract important
features from the MRI scans and ML algorithms to classify
the MRI scans of three freely available datasets. According to
the results, the SVM with radial basis function kernel
outperforms other machine learning classifiers.

Deep tumor networks, as defined by Amran et al. [11],
were proposed by Google Net and CNN model hybrids for the
detection of BTs. The proposed model was built on top of the
GoogleNet model. The final five layers of GoogleNet were
removed, and 14 layers—each one deeper than the previous—
of the CNN model were replaced. Although the fundamental
CNN architecture was left unmodified, the ReLU AFs were
converted to a leaky Re-AF. After the modifications were
made, the layers increased from 22 to 33 in total. The hybrid
model that is advised acquired the maximum level of
classification accuracy, 99.10%.

In [12], Four real-world data sets were successfully used
to test and suggest a novel method for the diagnosis of brain
cancers based on genetic algorithm-based deep learning.
According to experiments on the Gazi Brain Data Set 2020
dataset, this inference was supported by four separate metrics
outcomes. The proposed model achieved %85 accuracy.
While the conventional CNN model had a success rate of
78%, the proposed CNN+GA model had a success rate of
85%.

Papageorgiou [13] proposed a model to follow while
creating an automated and cost-effective categorization tool
that will help medical professionals everywhere identify brain
tumors from MRI scans. The proposed model provides
99.62% testing accuracy utilizing a cross-entropy loss
function and was trained and verified using MRI images.

Sert et al. [14] and Ozyurt et al. [15] propose ResNet for
the first component of the CNN-SVM architecture, whereas
resolution improvement and entropy segmentation approaches
were used for image preprocessing. On the same dataset,
Ozyurt et al. [15] compare their model to a CNN-KNN with a
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90.62% accuracy. The research in these articles is based on
MRI image segments that simply show the tumor tissue. Sajja
and Kalluri's [16] use of a CNN on a BRATS dataset of 577
photos yields an accuracy of 96.15% when tested on 182
images, showing another successful attempt to identify images
with and without brain tumors.

Using an AICNN to combine five separate models into
one, Mittal and Kumar [17] identify MRI images in relation to
three tumor classifications and a class for the negative
diagnoses, achieving a testing accuracy of 98.8%. On two
databases comprising three kinds of malignancies
(meningiomas, pituitary adenomas, and gliomas), Sultan et al.
[18] confirm their CNN model with overall accuracies of
96.13% and 98.7%.

Using pre-trained CNNs [19] is another strategy. On two
datasets with three and four tumor types, respectively,
accuracy rates of 97.64% and 98% were achieved. In order to
segment the image regions containing the tumor and
categorize these parts into five groups with an accuracy of
81%, Zhao and Jia [20] use a deep convolutional neural
network.

I1l. METHODS

In this section, firstly, the datasets will be introduced.
Then, the preprocessing steps applied on the datasets will be
explained. Then, the used transfer learning models will be
introduced and the parameters and model structure used will
be mentioned.

A. Datasets

In the study, two different data sets were used for binary and
multiple classifications. The BR35H for a binary dataset is
also shared as open source on Kaggle. In this data set, a total
of 3000 MR images with 1500 tumors and 1500 healthy ones
are in jpeg format[21]. For multi-classification, a data set
shared as open source on Kaggle was used. This dataset
contains 2870 data for 4 classes for training; glioma,
meningioma, pituitary, and no-tumor MR images in jpeg
format[22].

Yes-Tumor

Meningioma No-tumor

Glioma Pituitary

Figure 1: A- Example image from dataset for binary classification,
B- Example image from dataset for multiclassification

B. Image PreProcessing



In both brain MRI datasets, nearly all of the images have
unwanted gaps and areas, resulting in below-average
classification performance. Therefore, it is very important to
cut photos to eliminate unnecessary parts and use only
relevant information.

First, the image dimensions are set to 224*224 pixels. It is
necessary to calculate the size of the unwanted black areas in
the images. Thresholds are applied to images. However,
before that, Blurring is performed on the images so that the
Threshold process can be applied more successfully. For this,
the GaussianBlur method of the OpenCV library is used. The
threshold is an OpenCV technique where pixel values are
assigned according to the threshold value provided. Each pixel
value is compared with the threshold value, if the pixel value
is less than the threshold value, it is set to 0. Otherwise, it is
set to the maximum value. As a result of this process, the
outside of the region we are interested in is masked. Then we
contour with the coordinates of the top, bottom, right and left
endpoints of the region of interest. The area inside this contour
is considered the area we are interested in and the crop is done
according to these coordinates. By re-sizing, the images are
prepared to be given to the model.

Original Threshold

TR

Contour
(Edge Point)

Cropped Image

Figure 2: Image preprocessing steps

C. Transfer Learning

Transfer learning: It is a machine learning approach in
which a deep learning network (usually convolutional
networks) previously trained for a task is taken with weights
and used as a starting point for a different task [23]. Transfer
learning has been successfully used in several fields recently,
including the segmentation and classifications of medical
images. In this study, preprocessed images for brain tumor
classification were classified with EfficientNet, XceptionNet,
and CoAtNet.

EfficientNet; It is considered a group of convolutional
network models. The ImageNet classification problem
consisting of more than 14 million images, reaches 84.4%
accuracy with 66 M parameters and is among the state-of-the-
art models [24]. EfficientNet; It consists of 8 different models
between B0 and B7. The B5 model was used in this study. In
EfficientNet, an activation function called Swish is used
instead of Rectifier Linear Unit- ReLU. Google Brain Team:
They noted that the Swish activation function tended to work

better than ReLU when applied in deeper models on a group
of datasets.

XceptionNet; It is a 71-layer convolutional neural
network model trained on the ImageNet classification
problem and achieved 79% accuracy in ImageNet. It was
basically developed by adding on the InceptionV3 network.
In the convolution section, in addition to InceptionNet, smart
depth convolution and smart point convolution sections have
been added [25]. In this way, it is aimed to prevent over-
learning by using fewer parameters.

For large-scale image identification and classification,
CoAtNet offers a special mix of depthwise convolutions (1)
and self-attention (2) that enables quick and precise progress.
The suggested design is based on the finding that self-
attention models typically demonstrate higher capacity
whereas CNN's typically show better generalization.

If the model hyperparameters are mentioned; Weight
values for all models are from 'imagenet'. Validation split is
=0.2. Training is 30 epochs. optimizer is Adam (Ir= 1le-4).
Other parameters are given in Table-1.

TABLE I. HYPERPARAMETERS

Model Hyperparameters
Binary Multi-class

EfficientNet Last_activation | Last_activation=s
=’sigmoid’, oftmax,
loss="binary_ loss=categorical _
_crossentopy’ crossentopy
Version=EfficientNetBO0,

XceptionNet Last_activation | Last_activation=s
=’sigmoid’, oftmax,
loss="binary_ loss=categorical _
_crossentopy’ crossentopy
Version="XceptionNet’,

CoatNet Last_activation | Last_activation=s
=’sigmoid’, oftmax,
loss="binary_ loss=categorical _
_crossentopy’ crossentopy
Version="CoatNetv(’,

IV. EXPERIMENTAL RESULTS

The results obtained in this section will be presented in
tables. First, the validation success values for transfer learning
in multiple classification are given in Table 2.

TABLE II. SUCCESS VALUES FOR MULTIPLE CLASSIFICATION
Model Accuracy | AUC | Precision | Recall
EfficientNetBO | 98.12 98.99 | 98.12 98.12
XceptionNet 95.63 99.40 | 95.63 95.63
CoAtNetv0 98.26 99.39 | 98.26 98.26

Accordingly, the highest accuracy values for multiple
classifications were obtained with the CoatNetv0 model.



In Table 3, validation success values for transfer learning in REMBRAN
binary classification are presented. bt
Zhao and | DCNN BRATS Multi 81
TABLE III. SUCCESS VALUES FOR BINARY CLASSIFICATION Jia[20]
Model Accuracy | AUC | Precision | Recall Our Study | CoAtNetv0 ?aggle Brain | Multi 98.26
umor
EfficientNetBO | 99.98 1 99.90 1 g\'/laésii)fication
XceptionNet 97.50 99.30 |1 94.67 Our Study EfficientNet | Kaggle ) Binary 99.98
CoAtNetv0 99.38 99.18 | 99.6 99.2 B0 BR3oH Brain
Dataset
Accordingly, the highest accuracy values for binary

classification were obtained with the EfficientNetBO model.

In Table 4, the comparisons of studies with similar datasets
and the achievements obtained with the transfer learning
model are presented. It is observed in the table that many
methods are used for brain tumor binary and multiple
classifications and the most successful models are CNN-

based.

TABLE IV. SUCCESS VALUES FOR SIMILAR DATASETS
References | Model Dataset Classificati | Accurac
on y
Kushwaha VGGNet, Kaggle Multi 95
and AlexNet, BR35H Brain
Maidamwa | InceptionNet | Tumor
r[9] , Dataset,
XceptionNet | IEEE  Data

Port Dataset
Kang et al. | CNN BT-small-2c, | Binary and | 98.17
[10] BT-large-2c, Multi

BT-large-4c
Amran et | GoogleNet, Kaggle Binary 99.10
al. [11] CNN BR35H Brain

Tumor

Dataset
Ozdem et | CNN+GA Gazi  Brain | Binary 85
al. [12] (Genetic Data Set 2020

Algorithm)

Papageorgi | CNN Kaggle Binary 99.62
ou [13] BR35H Brain

Tumor

Dataset,

Kaggle Brain

MRI Images

for Brain

Tumor

Detection
Sert et al. | ResNet TCGA-GBM | Binary 95
[14]
Ozyurt et | NS-CNN TCGA-GBM | Binary 95.62
al. [15]
Sajja  and | CNN BRATS Binary 96.15
Kalluri [16]
Mittal and | AICNN Two private | Multi 98.8
Kumar [17] datasets
Sultanetal. | CNN Dataset from | Multi 98.7
[18] Tianjing

Medical

University,

REMBRAN

DT
Ari et al. | CNN RIDER, Multi 99
[19] Figshare,
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V. CONCLUSIONS

Brain tumors, which are formed by the uncontrolled
proliferation of cells in the head region, can cause a decrease
in the quality and duration of life. Patients with misdiagnosed
or late-diagnosed brain tumors and untreated patients have a
lower chance of survival. Diagnosis of brain tumors is usually
provided by images taken from MR imaging systems. It is
very useful to use computer-aided systems in the detection and
classification of brain tumors due to the increasing number of
cases and the high density of doctors. The development of
artificial intelligence and deep learning models and automatic
classification of brain tumors are very common areas of study
in recent years.

In this study, brain tumor classification from MRI images
was performed by transfer learning methods. In the study, a
binary dataset of tumor and no-tumor, as well as a 4-class
dataset consisting of glioma, meningioma, pituitary, and no-
tumor, was used. By applying image preprocessing steps to
the datasets, redundant and unnecessary areas in the images
were removed. Then, classification was carried out with
EfficientNet, XceptionNet, and CoAtNet models, which used
the weight values of the models trained with very large
datasets (imagenet) and changed the last layer.

According to the results of the study, while EfficientNet
gave the highest success values in binary classification
(validation accuracy is 99.98), CoAtNet gave more successful
results in multi-classification (validation accuracy is 98.26).,
which is a more challenging task. The CoAtNet model, based
on both Convolution Neural Network (CNN) and Vision
Transformer (ViT) architectures, is one of the most successful
models developed in recent years. With this model, the
advantages of both designs are successfully integrated.

When compared to high-success studies with similar datasets,
it was observed that the success metrics were quite close to
those of these studies. In future studies, it is aimed to achieve
the highest success values by performing different transfer
learning studies with more datasets for brain tumor
classification.
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Abstract—Malware is the most frequently used by attackers
and is constantly renewing itself. The first step in minimizing the
damage of malware is to detect them. Static methods, dynamic
methods, and machine learning methods are frequently used in
the detection of malware. With the help of these methods, the
data such as system calls, file header information, and log file
are analyzed and detection is performed. In our study, Windows
portable executable (PE) file header information was analyzed
by the static analysis method and detected with the support of
machine learning. Centroid-based classifier algorithm, which is
a successful classifier for textual data, was used to detect
malware. Since the textual data in the Windows PE file header
information will be analyzed, the algorithm has been chosen in
this direction. In our study, a character-level feature set was
introduced and file header information was summarized based
on this feature set. The algorithm was run on these data and
maximum accuracy of 100% was obtained.

Keywords—malware detection, static analysis,
analysis, machine learning, centroid-based classifier

dynamic

| INTRODUCTION

Malware is applications that aim to seize users' private
data such as passwords, usernames, credentials, and cause
systems to crash, slow down or fall under the control of
malicious people [1]. In systems exposed to such attacks,
primarily file losses are experienced. Another effect of
malware is the execution of unknown malicious processes.
The most known malware are computer viruses, worms,
backdoors, Trojans, and spyware [2]. The increase in data in
electronic media has brought about the diversification of
malicious software [3]. As a result of this situation, malware
threatens individual and corporate users by targeting
thousands of systems every day.

The first step in protecting against malware is detecting
them. Malware detection is known as the technique of
detecting malware on the network or endpoints [4]. Three
basic approaches are often used to detect malware: static
analysis, dynamic analysis, and memory analysis [5]. Static
analysis focuses on detecting whether software is malicious
or not, without running software. Detection of file formats,
code analysis, measuring the response of softwares to
antivirus software, comparing the hash value of the
application with the hash value of the malware, and
determining whether the application is packaged or mixed
with the help of programs are among the static analysis
methods. Antivirus software and intrusion detection systems
are prominent examples of malware detection with the help
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of static analysis techniques [6]. Static analysis is sometimes
known as signature-based analysis. In this analysis technique,
the signature information of previously detected malware is
recorded in the database and compared with the signature of
the software to be tested [7]. The constantly evolving and
different versions of malware cause their signatures to
change. It is also known that the signature information of
malicious software can be changed by various methods. For
this reason, the use of the static analysis method alone is
insufficient against today's advanced malware.

Dynamic analysis is performed by running malware in a
completely isolated environment from the existing system
and monitoring its behavior at runtime [8]. The long-running
times of dynamic analysis methods, the inability to detect
metamorphic malware types, and the lack of false positive
rates at the desired level are disadvantages for dynamic
methods. The memory analysis method, which is mostly
encountered in forensic cases, is a useful technique in the
analysis of malware. In that method, malicious applications
are detected by taking the current image of an infected system
and examining it with various tools. Tools such as Win32dd /
Winé4dd, Memoryze, Dumplt, FastDump are used to take the
memory image of the computer. Then, while performing
memory analysis on the obtained memory image, tools such
as Volatility and Memoryze are used.

The static, dynamic, and memory analysis-based methods
used for the detection of malicious software have been
insufficient. For this reason, classical methods are now used
together with machine learning and data mining techniques.
Machine learning is used extensively to learn the behavior of
malware and thus to classify and cluster them [5, 9, 10]. In
machine learning-based method, classification and clustering
techniques are performed based on features extracted from
information such as byte sequences, opcodes, API calls,
Windows registry, PE header information, file system
accesses, and Sandbox submissions. Within the scope of
machine learning algorithms, hidden Markov models [11],
support vector machines [12] and neural networks [13] have
been used extensively. Souri and Hosseini [14] presented an
extensive review of the use of data mining methods in
detecting malware. Ye et al. [15] also presented a detailed
look at data mining approaches for malware detection. The
authors addressed detection studies in the context of
classification and clustering, while also focusing on feature
extraction and feature selection. Machine learning methods
have also been used to modernize traditional detection


mailto:1htakci@cumhuriyet.edu.tr
mailto:2ra.dogann@gmail.com

methods. For example, Srndic et al. [16] performed the static
analysis with machine learning techniques to classify
malware in their study.

In this study, malware detection was performed based on
Windows PE header information. The filename information
contained in the PE header information has been converted
into a character-level feature set and applications are
classified as malicious and safe. The preferred classification
algorithm is the centroid-based classifier, which is known to
be successful in textual data [17].

Il LITERATURE REVIEW

Malware detection is the process of distinguishing safe
programs from malicious ones. Data sources used for
malware detection are categorized as audit logs, system calls,
and portable executables. The proposed study was carried out
according to the static analysis technique and Windows PE
file information was used. Therefore, in this section,
examples of static analysis on Windows PE files are
summarized.

Vinod et al. [18] used three different feature sets such as
n-grams, command opcodes, and PE header information. The
distribution criterion was preferred for feature selection in
data sets. The highest classification success obtained with the
IBK algorithm was obtained as TPR: 0.968 and FPR: 0.138.

Ye et al. [19] analyzed using the IAT (import address
table) field of the PE file with the help of targeted association
mining. In addition, 93.7% accuracy was obtained in the
study on the min-max feature selection on the method.

Shafiq et al. [20] first extracted 189 features from PE file
headers and then reduced the number of features according to
three different feature selection methods. In the study,
malware detection was made with 1Bk, J48, Naive Bayes,
RIPPER & SMO algorithms and the correct positive rate was
measured as 99%.

Wang et al. [21] suggested the use of the SVM algorithm
to detect malware with the help of PE file header data. The
static analysis method was used in the study and the SVM
classifier was trained with the help of selected features.

Liao [22] selected 5 features from the PE file header
information and used them. It was used as a rule-based
classifier to detect malware. For malware of unknown type,
the accuracy rate is achieved 99%.

Bai et al. [23] first extracted 197 features from PE header
areas and then used feature selection methods to reduce the
number of features. After feature selection, malware
detection was performed with the help of algorithms such as
Decision trees, Random forest, and Bagged and Boosted
Decision trees. The highest accuracy obtained from these
approaches was measured as 99%.

Belaoued and Mazouzi [24] established a malware
detection system by analyzing PE file header information.
Methods such as chi-square and phi coefficient were used for
feature selection. In addition, the rotation forest classifier was
used with the selected features.

Ahmadi et al. [25] proposed a paradigm for grouping
malware variants. The study focused on feature selection
rather than classification algorithms. It was emphasized that
the features would be grouped according to the behavioral
characteristics of the malware, and as a result of this
paradigm, high accuracy of 99.77% was obtained.
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In the study by Kumar et al. [26], classified software as
safe and malicious. Machine learning algorithms such as
Decision trees, Random forest, KNN, Logistic Regression,
Linear Discriminant Analysis, and Naive Bayes were used in
the analysis based on the header fields of portable executable
files. In the proposed study, the result obtained with 10-fold
cross-validation was measured as 98.4%.

In the examples where PE files are used, the studies are as
given above. PE file header information includes DOS
header, file header, and optional header information in
general. The extracted features are the features derived from
these three categories. The properties in the PE file header
information can be used directly or with derived properties.
In our study, the file name information from the PE file
header information was handled and the information was
analyzed with text processing methods.

Il THE PROPOSED METHOD

In this study, malware detection is considered a text
classification problem. First, a classification model was
developed to categorize safe and malicious files with the help
of labeled data, and then the category of unknown files was
obtained with the help of the model. The static analysis
method was used in our study and PE header information was
used for malware detection.

Classification of files according to the proposed model is
done in four steps: (1) collection of PE files from the system,
(2) extraction of filename information from PE files, (3)
character-level feature extraction and presentation from
filename information, (4) training of the model and
classification.

A. Dataset

In this study, file header information provided by a
security company named Nurd Software company was used
[27]. The data provided by the company are the PE header
information of the files downloaded from the internet. The
files are located in folders such as desktop, 7zip, and chrome
according to the download location. The selected fields from
the PE header information of the files in each folder are
presented in the "files.csv" file. The fields in the relevant file
are: file_id, file_name, file_distinct_user_count, file_shal,
file_fls_verdict, file_signer_name, file_signer_category,
file_signer_status, and file_version.

Although there are many metadata related to each file in
this structure since our analysis method is text classification,
appropriate fields were selected and others were excluded.
The fields selected by the purpose are as follows: file_id,
file_name, file_fls_verdict.

The data obtained by selecting from the <files.csv> file
has been recorded as a text file by the folder name. For
example, the data of the files in the desktop folder are saved
as <desktop.txt>. Explanation information for the fields
selected from the PE header information is shown in Table 1.

There are four different class information for the files in
the directory. However, those whose class knowledge is 0 and
class knowledge is 3 will not be used for training purposes.
Because class information 0 means "no status" while class
information 3 means "unknown". As an example, the data are
shown in Table 2.

As a pre-process for the next steps, "desktop.txt", which
gives the information of the files in each folder, is taken as
input in this step, and new files are obtained by classifying
them.



Table 1 ATTRIBUTES SELECTED FROM PE HEADER INFORMATION

Attribute Description Details
name
File_id File number Distinctive information
File_name Filename - (with folder The main part to be analyzed
structure)
0: No status
File_fls_ve | File type information | 1: Safe
rdict (class information) 2: Harmful
3: Unknown

Table2 SAMPLE VALUES OF PE HEADER INFORMATION

file_id file_name file_fls_verdict
452 ReimageRepair.exe 1
4762 gimp-2.8.22-setup.exe 1
1067480 ccsetup538.exe 1
12992525 wind.bat 3
20274843 ccsetup550.exe 3
65259614 | OptiFine_1.14.4 HD_U_F2.jar 3
68325935 OptiFine_1.14.4 HD_U_F3.jar 3
B. Feature extraction and presentation from

filename information

In the previous step, the PE header information was
divided into four different sub-files based on the verdict
number. In this step, the filename (file_name) information
contained in the PE header information will be summarized
based on the feature set and vectors will be obtained. In the
vector acquisition process, a frequency-based representation
will be obtained based on the vector space model. All
characters used in the filename are included in the acquisition
of the feature set.

The character-level features included in the feature set are
as follows:

{IaliIb‘lICI’Idll'e'l'f'l'gllIh'!lili|jli|kliIIIiIml!Inl!loll'p'l'qIllrli|sllltll'u'llvl!l
WI!IXlllylllzll'OIVIll!IZ'I'3'1'4I1|5|1|6I7I7lll8'llgl7I[I!I]'l'(lll)lll'lll-'ll_'

Below are examples of condensed file names based on the
feature set.

2,0,0,0,5,0,1,0,2,0,0,0,1,0,0,1,0,3,0,0,0,0,0,1,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,1,0,0

0,0,0,0,3,0,1,0,1,0,0,0,1,0,0,2,0,0,1,1,1,0,0,1,0,0,0,0,3,0,0,
0,0,01,0,0,0,0,03,2,0

0,0,2,0,3,0,0,0,0,0,0,0,0,0,0,1,0,0,1,1,1,0,0,1,0,0,0,0,0,1,0,
1,0,0,1,0,0,0,0,0,1,0,0

1,1,0,1,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,1,0,0,1,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,1,0,0

0,0,2,0,3,0,0,0,0,0,0,0,0,0,0,1,0,0,1,1,1,0,0,1,0,0,1,0,0,0,0,
2,0,0,0,0,0,0,0,0,1,0,0

1,0,01,12,01,21,0,00,1,1,1,0,1,0,1,1,0,0,0,0,0,0,2,0,1,2,
0,0,0,0,0,0,0,0,0,3,0,4

1,0,01,12,0,1,2,1,0,00,1,1,1,0,1,0,1,1,0,0,0,0,0,0,2,0,1,2,

0,0,0,0,0,0,0,0,0,3,0,4

Figure 1. Example frequency values for character-level features
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C. Model training and test

According to the proposed method, whether a file is
malicious or not is matched to the pattern of its filename
information. The filename of secure files and the filename of
unsafe files have different textual properties. Therefore, the
model of malicious files and the model of safe files will be
obtained with the help of the information of the files whose
class is known. The centroid-based classifier will be used in
the model acquisition and testing.

The centroid-based classifier is one of the machine
learning algorithms frequently used in text categorization.
According to the algorithm, each class is presented with
models called centroids obtained from training examples. To
find the class of a new object, the distance or similarity
between the new object and the centroid vectors of the classes
is obtained. If the object to be classified is closer to the
centroid value of the class, that class is assigned. The
algorithm has linear complexity, is easy to use, and has fast
processing capability [17].

A centroid model for secure files will be obtained from
vectors of files with verdict information 1, and a centroid
model for malicious files will be obtained from vectors of
files with verdict information 2. Then, whether an unknown
file is safe or not will be obtained by predictive methods, and
with the proposed model, the files will be categorized as safe
or malicious. The training and testing of the model are shown
in Figure 2.

1. Model training

The centroid vector is obtained from the mean of the
samples from each class with the help of vectors of known
class. For example, by taking all the vectors with a safe class,
the centroid for the safe class is obtained from their average,
and the centroid value for the malicious class is obtained from
the mean of the vectors with the malicious class.

If the vector is a centroid vector representing a class of S
records, each represented by d, its calculation can be given as
follows:

- 1 -
C= EZdesd

M

Training data (PE

Header for Safe Model

and Malicious || training |y, |  Centroid
files) vectors
Safe
Test data (PE
Header for Safe
and Malicious
files) P Classification

\ Malicious

Figure 2. Type prediction architecture for files of unknown type



2. Model test or classification

According to the center-based classifier, in order to
find the class of a file whose class is unknown, it is necessary
to find the similarity or distance between the vector of the file
of unknown class and the trained center vectors of each class.
..

/ Jth

To give the centroid vector of class and the file of

unknown class X, first, the similarity between the centroid

—

vectors of ¥ and classes is obtained as follows.

x-Cy

. > A~
sim(x,C, =—
(%G jer) 1212+l

)

Then, the class of the file is obtained according to the
decision rule based on maximum similarity. The decision rule
is as given below.

argmax (sim (%, ?])) (3)

In addition to the Cosine method given in Equation 3,
Manhattan and Euclidean methods will also be tested in the
experiments with the help of the centroid classifier.
Manhattan and Euclidean methods are distance-based
methods and distance calculations are made as given in the
equations below.

man(%, C].]Ek) =X Nic1.m|Xi — ZJ 4
5 a4 — —\ 2
euc(%,C, jer) = (X, %i(x% - C,,) (5)

Manhattan and Euclidean methods are distance-based
methods, not similarity-based methods. Therefore, the
decision rule is not to find the class that gives the maximum
value but to find the class that gives the minimum value.
Therefore, the decision rule will be as follows.

argjrglir}( (man(f, E;)) or argjrgli?}( (euc(ic’, E]))) (6)

The classification results obtained in the experiments were
done according to these three different centroid classifier
versions. The purpose of working with different versions of
the classifier is to find out which one is more successful.

AV EXPERIMENTAL STUDY

The model proposed in this study is to determine whether
the files downloaded from the internet are malicious or safe.
To detect malicious files, filename information was extracted
from the PE header information of the files and each file was
summarized into a character frequency vector based on a
feature set using the filename information. Also, verdict
information is used as the class label in this vector. With the
help of the verdict value of 1, the centroid vector for the safe
class was obtained, and the centroid vector for the malicious
class with the help of the verdict value of 2 was obtained. In
the classification phase, three different methods of the
centroid classifier (Cosine, Manhattan, and Euclidean) were
used to classify the data.

A Experimental results

In malware detection experiments, a 10-fold cross-
validation method for model evaluation was applied and the
results were presented with Accuracy, Precision, and Recall
measurements. Accuracy alone was not used because there
was a class imbalance in the data set, and Precision and Recall
values were also presented.

In the presentation of the results for each method, TP, FN,
FP, and TN values are presented first and then other values
calculated from these are shown. Giving TP, FN, FP, and TN
values were preferred to see whether malware or safe ones
were detected more precisely in the classification.

TP : Number of files presumed Safe from files
known to be Safe
FN : Number of files predicted as Malicious

from files known to be Malicious

FP : Number of files known to be Malicious
predicted as Safe
TN : Number of files known to be Malicious

predicted as Malicious

As can be seen from Table 3, the classification accuracies for
the centroid classifier based on the cosine similarity method
are quite high. 100% accuracy was obtained for files in the
Foxit folder and 99% for files in the desktop folder. The
lowest classification accuracy achieved was measured as
70%. The reason for this situation is the different patterns of
filenames of files in different directories.

The Manhattan method is distance-based. In the Foxit
folder, where the best result was obtained in the cosine-based
method, a classification accuracy of 96.1% was obtained with
the Manhattan method. However, the results obtained in a
folder with heterogeneous content, such as a download folder,
are quite low.

Table3  COSINE-BASED CENTROID CLASSIFIER RESULTS
Safe Malicious

Safe Malic Safe Mali lﬁ;i Preci
Directory (TP) ious (FP) cious - Recall

(FN) (any | Y| son

%)

desktop 31601 | 0 9 14181 999 | 0999 | 1.000
acrobat 148 24 0 2 85.7 1.000 0.855
arm 87 4 0 69 | 975 | 1.000 | 0956
avast 445 88 0 5 | 836 | 1.000 | 0834
ccleaner 284 84 1 36 79.0 | 0.996 0.771
downloads | 58545 | 0 6 43;184 999 | 0999 | 1.000
foxit 83 0 0 21 1%0' 1000 | 1.000
chrome 155 131 0 152 | 700 | 1.000 | 0541
hp 40 1 0 12 | 981 | 1000 | 0975




Table4 MANHATTAN-BASED CENTROID CLASSIFIER RESULTS Table6 COMPARISON WITH PREVIOUS STUDIES
Accuracy
Safe Malicious Author(s) Method Feature set (%)
Ace Ei'g]Od et al. IBk algorithm n-grams 96.8
Safe Malic Safe Mali urac | Preci | Reca IAT table in PE
Directory (TP) ious (FP) cious y sion Il Yeetal. [19] | Association mining file 93.7
FN TN
(FN) (™ (%) Shafiq et al IBk, J48, Naive 189 features
desktop 31004 | 598 | 13007 | 1814 | 70.7 | 0.705 | 0981 | | [20] Bayes, RIPPER & | from PE file 99.0
SMO header
acrobat 129 44 0 2 74.8 | 1.000 | 0.745 Liao [22] Rule-based classifier 5 features from 99.0
PE file header '
arm 42 49 9 60 | 63.7 | 0.823 | 0.461 Decisi . 197 features
- ecision rees, .
avast 303 | 230 1 4 | 507 | 0996 | oses | | B B | pagged, boosted rees | O PE file 99.0
ccleaner 313 55 19 18 | 54.7 | 0.942 | 0.850 i Feature
Ahmadi et al. Groupin selection on PE 99.77
[25] ping
downloads | 56956 | 1590 | 35745 | 8106 | 63.5 | 0.614 | 0.972 header
Decision trees,
foxit 81 2 2 19 96.1 0.975 0.975 random forest, KNN,
Kumar et al. | logistic regression, .
chrome 47 239 1 151 | 452 | 0.979 | 0.164 [26] “ngear discgriminam PE header fields 98.4
hp 25 16 3 9 | 641 | 0892 | 0609 analysis, and, Naive
Bayes
: 43 features from
Our study Centro.ld based PE file header 100.0
classifier fields
Table5 EUCLIDIAN-BASED CENTROID CLASSIFIER RESULTS
Safe Malicious
Ao V RESULTS
: Safe | Malic | Safe | Mali |\ o0 | preci | Reca The type and amount of malware are increasing day by
Directory (TP) ious (FP) cious - A .
(FN) any | J sion I day. It is important to detect them to get rid of the damage of
(%) malicious software. Static, dynamic, and memory-based
desktop 28459 | 3233 | 9050 | 5771 | 80.6 | 0.758 | 0.898 | methods come to the fore in malware detection. These
acrobat 109 64 0 2 622 | 1.000 | 063 methpds have yecently begun to b_e modernlz_ed with machme
learning techniques. In the detection phase, information such
arm 42 49 1 68 | 262 | 0976 | 0461 | assystem calls, file header information, and operating system
avast 8 505 0 5 21 | 1000 | 0.015 | registry data are ana_lyzed. In this study, with th_e help o_f a
centroid-based classifier, Windows PE header information
ccleaner 327 41 19 18 | 851 | 0.945 | 0.888 | was analyzed by the static analysis technique, and the system
downloads | 49126 | 9420 | 23602 20824 677 | 0675 | 0839 | WAS first trained with labeled data and then classified.
foxi 2 1 . 14 | a55 | o921 | 0087 Thanks to this study, a classification algorithm was run
oxit : : : according to the similarity principle. With the help of labeled
chrome 45 241 1 151 | 92.3 | 0978 | 0.157 | data, a malware detection model was developed for safe and
N o o > | 226 | 0.000 | 0000 unsafe classes and files were classified according to the
P 4 . : : : centroid-based classifier logic. Classification results are also

Comparison with past studies

Numerous studies have been conducted based on PE title
information, and a comparison of the studies is presented in
the table below.

The centroid-based classifier we proposed for the
detection of malware gave a value at the level of the literature
and above. The method is based on the assumption that the
filenames of malicious software are different from the safe
filenames. The accuracy of this assumption can be seen from
the classification results.
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at the level of the literature and above.

Due to the low complexity and high speed of the Centroid-
based classifier algorithm, it can also be used for real-time
detection. The centroid-based classifier is a suitable algorithm
for textual data, and in this study, it was run on textual
information such as file names from file header information,
and high accuracies were obtained. Thanks to our study, it has
been seen that Centroid-based classifiers are also effective
methods of detecting malware.
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Abstract—Thermal camera systems are safe imaging tools
that provide contactless temperature measurement. Thermal
imaging systems are used in many public sectors where it is
necessary to detect the change of temperature values. However,
thermal cameras are costly and produce images with low edge
information. This situation prevents the widespread use of
thermal cameras. Therefore, in recent years, the researches to
advance the quality of thermal images have increased. In this
paper, super resolution applications are performed on the
thermal dataset by using different upscaling techniques. Here,
a new deep network model is proposed and the results of this
model are compared with the important deep learning-based
models. The obtained results were interpreted both visually
and using image quality metrics, and it was observed that the
developed deep network model had superior success.

Keywords—super resolution, deep learning, thermal imaging,
image quality metrics

I. INTRODUCTION

Thermal imaging systems make invisible infrared
radiation visible in the form of heat zone images. They show
the structure of the image with the colors and shapes
according to infrared energy. While obtaining images with
thermal cameras, lighting and weather conditions do not
have any negative effects on thermal cameras. So, thermal
images can be produced even in dark, rainy and foggy
environments. Thermal cameras were used for security and
military purposes in the beginning; construction,
infrastructure, electricity, etc. It is also widely used in the
fields [1]. In addition, thermal cameras, which have an
important place in the medical field, help experts as a non-
invasive and harmless tool in problems such as disease
diagnosis. However, thermal (infrared) imaging systems also
have some disadvantages. Thermal camera systems have
high cost. In addition, edge information (high frequency
regions) cannot be obtained exactly in thermal images and
blurry images with low level of detail are obtained [2]. For
this reason, the need to increase the resolution of thermal
images has emerged and super resolution methods have been
widely used in recent years. For example; various super
resolution (SR) implementations were performed by using
thermal face images, thermal satellite images, thermal
images of avenue and street views [3]. Super resolution is a
technique of creating another high resolution (HR) image
using the observed low resolution images. In other words,
the term of super resolution is described as approximating
ground truth (high resolution) image from its low resolution
(LR) counterpart. The interpolation methods are used in
basic works on image enhancement. Interpolation is a
method of predicting new unknown pixel value using known
pixel values. There are three main interpolation methods
used: nearest neighbor (k-NN), linear and bicubic [4]. In
recent years, image quality improvement works using deep
learning-based architectures have become popular.

Firstly, convolutional neural networks (CNN) based
models were used for deep learning based super resolution
studies. Dong et al. presented the SRCNN model and
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applied the end to end mapping technique between LR and
HR images [5]. However, such shallow neural networks have
limited the ability to obtain multi-level features of the input
images. Noting that the preceding edge is favorable for image
super resolution, Liang et al. used Sobel edges with low
resolution images to train the deep network model [6].
However, there was no obvious improvement in the success
of the model. Later, Kim et al. designed the VDRS model
inspired by the SRCNN model and they used the residual
learning method. In addition, they arranged the number of
convolution layers as 20 instead of 3 and achieved more
successful results [7]. Here, the peak signal to noise ratio
(PSNR) value increased in the range of 0.5-1 dB and the
structural similarity index measure (SSIM) values increased
in the range of 1-3%.

In CNN-based applications, it is aimed to minimize the
mean squared error (MSE) as much as possible. In recent
years, generative adversarial networks (GAN)-based models
have been proposed in order to obtain better quality images in
terms of visuality. Ledig et al. designed SRGAN deep
network model and applied skip connection method in the
generator of this model [8]. The SRGAN model provided
more successful results than CNN-based models in terms of
visuality. This situation has increased the interest in GAN-
based super resolution applications. Park et al. presented
SRFeat model using two discriminator networks to
distinguish not only the reconstructed images, but also
hierarchical features in the feature space. This additional
discriminator network forces the generator network to draw
attention to the feature approach when generating super
resolution images [9]. Later, Wang et al. developed the
SRGAN model and proposed the ESRGAN model in which
they used dense blocks. In the structure of this model, the
input of each dense block is connected to the output of the
next block, and the connections are arranged to strengthen the
residual learning technique [10]. Here, it was observed that it
achieved increases in the range of 0.1-0.4 dB compared to the
SRGAN model. In another recent study, Senalp and Ceylan
developed the TSRGAN model to perform super resolution
studies on thermal images and achieved very successful
results. Here, 0.6 dB more successful results were obtained in
PSNR metric and 2% better in SSIM metric compared to
SRGAN network [11].

In this paper, a new deep learning-based model is
proposed to perform super resolution applications on the
thermal dataset, which is widely used in the literature. In
addition, super-resolution (SR) images were obtained for two
different upscaling factors and the results were evaluated.

Il. MATERIAL AND METHOD

A. Creation of Datasets

Super resolution applications carried out within the scope
of this paper were carried out on the FLIR dataset consisting
of thermal images [1]. Sample thermal images of the FLIR
dataset are given in Fig. 1. This dataset consists of high
resolution (HR-ground truth) and 1/4 downscaled low
resolution (LR) images. In addition, 1/2 downscaled low
resolution datasets were obtained, which were used in super



resolution studies for different upscaling factors. The
dimension of high resolution (ground truth) images is
160x160. The dimensions of low resolution (LR) images are
80x80 and 40x40 respectively. These two different datasets
all contain 650 randomly selected HR-LR thermal image
pairs from the FLIR dataset. Here, 600 of these image pairs
are allocated as training datasets and 50 image pairs as test
datasets. The test datasets were randomly selected from the
created dataset. Also, the training and test datasets arranged
to be independent of each other.

Fig. 1. Sample thermal images of FLIR dataset.

B. The Proposed Model

In this part, the comprehensive information is given
about the “Thermal Images Super Resolution Generative
Adversarial Networks Plus” (TSRGAN+) model, which was
developed to increase the success of super resolution studies
and to provide a faster training process. This proposed
model is a GAN based model and consists of generator and
discriminator network parts. The generator network creates
the super resolution image (SR) by upscaling factors.
According to the working principle of the presented model,
backpropagation is applied by taking advantage of network
loss. The working principle of the TSRGAN+ architecture is
shown in Fig. 2 [11].

High Resolution (HR-Ground Truth)

Low Resolution(LR)

Fig. 2. The working principle the TSRGAN+ model.

In the developed TSRGAN+ architecture, the training
speed is increased by not using batch normalization layers.
In addition, thanks to the swish activation function used, the
learning on non-linear values in the negative axis was
provided, and the vanishing gradient problem was
prevented. Also, skip connection method was applied in the
part of generator network to increase the success of the
TSRGAN+ model. Also, instead of the training process with
small image patches as is generally practiced in literature
studies, the training processes of presented applications
were carried out with image patches in the exact dimensions
of LR and HR (ground truth) images, and more successful
results were obtained.

N
R =min%z Lirgan (G, (177), 1) @
n=1

and standard deviation values of

. LR
represents the SR image. Also, |,
samples of the created
Representing the perceptual loss L

In the formula given in (1), while 5@ represents the weight
developed model, G

and 1™ represent
training dataset, respectively.

srgan+ + It 15 @lS0 the loss of

the deep network used in the backpropagation method and is
used to improve the visual quality as well as the improvement
in metric values [12]. The formula of this perceptual loss value
is given in (2).
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C. Image Quality Metrics

The peak signal to noise ratio (PSNR) is used to calculate
a ratio based on the effect of distortion noise between two
signals, which affects the signal quality. This ratio calculated
for two images is calculated in decibel form. Peak signal-to-
noise ratio is one of the most common and important quality
evaluation metrics used to evaluate the quality of super-
resolution images as a result of reconstructing low quality
images. The original signal is considered as the reference
data, while the noise is defined as the error due to
compression or distortion. PSNR can be expressed as an
approximate estimate of human perception of reconstruction
quality. The formula for calculating PSNR is given in (3). In
this equation, lo symbolizes ground truth image and |
symbolizes the generated super resolution image [13].

PSNR = 20 x IoglO(ZSSJMSE(I, o))

The structural similarity index (SSIM) is a perception-
based metric. In this method, image distortion is accepted as a
perceptual change in structural information. SSIM estimates
the perceived visual quality of images and videos. That is, it
measures the similarity between original (reference) and
reconstructed images. The formula for calculating SSIM is
given in (4), and the symbols plr(n) and plp(n) are the nth
part of the reference(lr) and distorted(lp) image sequence.
represents the mean of the frame. Also, oglr(n) and alp(n)
represent standard deviation [14].
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Ill. EXPERIMENTAL RESULTS

In this section, the obtained results on the FLIR dataset of
the trained deep network models are presented both visually
and as metric values. Two test datasets were used for
applications to be performed with different upscaling factors
(2 and 4) and the results were shared separately. Here, the
results of TSRGAN+ model are compared with SRCNN,
SRGAN and TSRGAN. The samples of the obtained super-
resolution (SR) and ground truth images are shown in Fig. 3.



SRCNN SRGAN

Bicubic Interpolation

x4

Fig. 3. Samples from the obtained thermal images.

Then, the success performances of super-resolution
images created from images in different test datasets were
evaluated by considering the values of PSNR and SSIM
metrics. The results of the metric values calculated from
the obtained images are given in Table 1. The best results
are shown in bold and the second best values are
underlined. When PSNR and SSIM results are examined,
it is observed that the deep network has a superior
performance compared to SRCNN, SRGAN and

TSRGAN TSRGAN+ HR (Ground Truth)

TSRGAN models. Here, it has been observed that
TSRGAN+ model achieves more successful results in
terms of PSNR values by 0.5 dB compared to the
TSRGAN model, 1 dB according to the SRGAN model
and 0.9 dB compared to SRCNN. Also, when SSIM
values were analyzed, it has been seen that TSRGAN+
model was 1% and 2% more successful when compared to
the TSRGAN and SRGAN models, respectively.

TABLE |. PSNR AND SsIM RESULTS

Bicubic SRCNN SRGAN TSRGAN TSRGAN+ HR (Ground
Interpolation Truth)
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
x2 34.302 0.849 34.694 0.876 34.885 0.872 35.194 0.889 35.732 0.892 L 1
x4 30.115 0.748 30.618 0.771 30.526 0.773 30.920 0.782 31.497 0.794 L 1

IV. CONCLUSION

In this paper, TSRGAN+ model has been developed to
implement super resolution studies using FLIR dataset of
thermal images. The studies were carried out on two datasets
with different image sizes obtained from the FLIR dataset.
Here, the studies have been carried out for different upscaling
factors (x2 and x4) and the success of the model has been
proven. The achievements of the TSRGAN+ architecture were
compared with state-of-the-art models in the literature. It was
seen that it achieved more successful results in terms of both
the quality of visual perception and the values of image quality
metrics. In the proposed model, removing the batch
normalization layers and increasing the convolution layers
contributed positively to the success of the model. Here, a
more efficient model has been obtained in terms of training
speed with the use of the skip connection technique. In
addition, although the proposed model is based on GAN, it has
shown a superior success in terms of PSNR and SSIM values
compared to CNN-based SRCNN model. This situation is
important because the CNN-based models are mostly referred
to as PSNR-oriented models in the literature. Here, the aim is

to achieve success in metric values rather than visual quality.
On the other hand, the aim of the studies carried out in this
paper is to visually create higher quality super-resolution
images and to support this situation with metric values.
Consequently, it has been seen that edge details (high
frequency information) was successfully obtained and sharper
thermal SR images were reconstructed by removing the blur.
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Abstract—To defining battery behaviors and parameters, systems. For increasing the performance and control
many alternative ways are used in the literature, such as direct ~ capability of BMSs, the correct algorithm have to be running.
measurement methods, model-based methods, and data-based In order for BMSs to step in at the right time and interfere with
methods, which contain the algorithms used in this paper also. ~ my system, it is important to determine parameters such as
The main purpose of this paper is to show a powerful and highly  battery current (1), open circuit voltage (Voc), terminal voltage
correct way of parameter estimation of the Li-FePOs battery. (V7), state of charge (SoC), number of cycles (N¢), and state of
One of the aims of the study is to examine the regression decision health (SoH) with consistent accuracy.
tree algorithm by showing that data classification methods can
also be used in regression operations. Another goal of this paper There are many different methods that have been tried on
is to show the prediction performance of the artificial bee colony ~ Li-lon batteries in the literature. There are different traditional
algorithm, which has a very limited number of applications on approaches such as Coulomb counting, electrical equivalent
the battery parameter of literature, under variable discharge circuit models, and mathematical or electrochemical models
profiles and shows improvement by comparing with different  for the detection of V+, which is the subject of this study and
studies. Thanks to this target, the equivalent circuit and various is highly dependent on the SoC. The development of data
parameter loads in some other methods are disabled. Machine  science (DS) necessarily incorporates machine learning (ML)
learning and artificial intelligence, which are applied by  and artificial intelligence (Al) techniques into applications in
r_esearchers to new fields, make a direct COhtI’IbutI_OI_’l to the the field of parameter estimation of Li-lon batteries. ML
literature and guide future researchers. The decision tree  \44efs allow researchers to extract patterns and trends from
algorithm which is one of the machine learning methods, and the 5 34 enable them to generalise the finding to the novel data
artn‘l(_:lal bee colony _that is one o_f the artificial intelligence with affordable computations [1]. However, the number of
Z‘Igggltg Tférﬁgezlé%%%'g tl?: d(:?(:tglr Tmzt'&rl FO thge ﬁg{f‘en:ai;“osf studies conducted with the algorithms that are the subject of

y y yb ! y - this study is either very limited or nonexistent. Therefore, it is

which are the focus of this study. Under the dynamic current . : . . .
profile, state of charge, charge/discharge step time, and current clear that this study will contribute to the literature to increase

information are taken into account to determine the cell voltage ~ the number of sources.
that varies between 100% and 60% state of charge. In the Huotari et al [1], have carried out studies on Li-lon

process of comparing the methods with each other, the statistical - ayarjes for enhancing the operating performance of electric
e e peto s s 0P A good bty designhasbeen e ( be acieved
which is often used in classification processes, can be used in b)f{ USIntgdSOH anI.NC estimation. f‘;é?:\;iage’ a:jutoregres_swg
parameter estimation of Li-FePO. batteries like as regression :gaigirﬁge (bargn;inz Ivr\]/?th %’_?_rzgethé base est)img?or' ;Lfg)v 'EZS

process with regression value of 0.9575. It has been seen that the : - .
artificial bee colony algorithm, which is a young algorithm, has been used. Gradient boosted decision trees (DT) are trained

been more successful than the other method with the meanvalue ~ for SoH estimation in Khaleghi et al.’s studies [2]. Ipek et al.
of the squared errors of 2.0285e-05, the absolute error value of  [3], have studied SoC estimation for Li-FePO, batteries by
0.0031, and regression value of 0.9992. In addition, it has been  Using support vector machine (SVM) and DT-based eXtreme
determined that the artificial bee colony algorithm performs  Gradient Boosting (XGBoost). Niri et al. [4], has used Al
more successfully than two different methods selected fromthe  technology to develop electrodes during the production of Li-
current literature, apart from the decision tree algorithm. lon batteries. Correlation has been made between production
parameters and electrode quality. ML models have been

Keywords—machine learning, decision tree, artificial  developed to measure the predictability of electrode and cell
intelligence, bee colony, parameter, battery properties. Chemali et al. [5], have investigated SoC
| INTRODUCTION estimation by using ar'gificial neu_ral networks (ANN) to
' develop BMSs used in Li-lon batteries. Wang et al. [6], have

A convenient battery management system (BMS) is  used support vector regression (SVR) optimized by artificial
needed for good management of battery blocks in electronic ~ bee colony (ABC) to determine the lifetime of Li-lon
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batteries. Yan et al. [7], have used empirical model and
exponential model powered with ABC to find the usable
current capacity that varies depending on N in in Li-lon
batteries. Carkit et al. [8], have defined Vq and V7t as the SoC
dependent function by using the electrical equivalent circuit
model. Also, particle swarm optimization (PSO), genetic
algorithm (GA), and ABC methods have been used in the
study. It has been determined that ABC performs successfully
according to PSO and GA. Ipek and Yilmaz [9], have studied
SoC estimation using XGBoost and hybrid XGBoost under
dynamic operating conditions.

This study contributes to the data-driven approaches by
using DT and ABC to predicti SoC and V7.

Il. DECISION TREE AND ARTIFICIAL BEE COLONY

ALGORITHMS

Decision tree algorithm is a method often used in
classification processes in DS and ML. Clustering and
prediction processes can be included among the other
application areas of the algorithm in the literature. The
operation of this algorithm that is given Fig. 1, is based on the
tree structure [10]. In the structure of decision trees, there are
leaves at the far end [11], branches extending from the leaves
to the nodes, and the main trunk extending from the nodes
where the branches meet to the roots. The algorithm reaches
the conclusion point by determining its own path according to
the "Ok™ or "Not-Ok™ answers given to the conditions at the
node points. The information sent to the algorithm is divided
into smaller pieces and used to reach the final goal [12]. While
doing this, many nodes are determined by the algorithm as in
Fig. 1, which consists of control conditions. The first node in
the structure of the data tree is called the "root node™.

Vitsocy=a;+ax(SoC)’ +az(SoC)’ +a,(SoC)' +as (1)

Another method used in the study is the ABC algorithm.
ABC, which is among the Al algorithms, is a current
optimization method. In ABC, the basic structure of which is
given in Fig. 2, bees are divided into three classes: Scout bee,
onlooker bee, worker bee [13]. In ABC, scout bees
approaching food sources randomly calculate the amount of
food in the sources. Afterwards, the worker and onlooker bees
are informed by the scout bees and the workflow of directing
the bees to the sources begins. Solutions to the problem under
study represent the locations of food sources for ABC. The
amount of nutrients in food sources corresponds to the
suitability (quality) of the solutions offered to the problem
[14]. In the decision-making process in ABC, there are traces
of the collective decision-making approach used by the bees
in natural life in their daily operations [15].

I11. PARAMETER ESTIMATION USING ALGORITHMS

The variation of the cell voltage of the A123 Systems
26650 Li-FePO4 2500 mAh battery cell, which is the subject
of this study, between 100% and 60% SoC, as seen in Fig. 3,
is examined. It is aimed to accurately determine the cell
voltage in Fig. 4 by using the experimental test data of the
CALCE Battery Research Group [16]. For increasing the
complexity and difficulty level of the study, the preferred
voltage and current flow profiles are not periodic as seen in
Fig. 4 and Fig. 5. Moreover, the details of non-predetermined
dynamic profiles can be found in Fig. 4 and Fig. 5. At the stage
of determining the V-, the equation depending on the SoC
given in (1) is used. In the equation, the V+ is defined as the
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third order exponential function of SOC. a;_s represents the
coefficients of the equation.
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Fig. 1. DT's search structure, control conditions, and roots.
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Fig. 2. ABC’s search structure and communication status.
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The branching of the DT algorithm, which is preferred for
ML purposes, according to the way it uses the data is given in

Fig. 6.

Final data points are reached by considering Vr, SoC,

I, and test step time information. Although the speed is very
high on the server where the data is processed during the
operation of the DT, memory and performance requirements
occur. The compatibility of the cell voltage generated using
the DT algorithm with the real data is given in Fig. 7. The
absolute error (e;) and the squared errors (SE) obtained
according to the information provided by DT are given in Fig.

8.
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Fig. 8. Error information of DT's forecast performance.
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TABLE I. ERROR STATISTICS OF ALGORITHM OUTPUTS

Algorithms DT ABC

Min (ea) 0 7.8511e-08

Max (ea) 0.9455 0.0345

Mean (ea) 0.0107 0.0031

Min (SE) 0 6.1640e-15

Max (SE) 0.8939 0.0012

Mean (SE) 0.0011 2.0285e-05

Although the speed of the ABC algorithm used in the Al
field is high in the server where the data is processed, it is
slower than DT. On the other hand, the memory and
performance requirement is less than the DT. Compatibility of
the cell voltage generated using the ABC algorithm with the
real data is given in Fig. 9. The error information obtained
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according to the information provided by ABC is given in Fig.
10. In Table-1, which constitutes the summary theme of the
study, error information of DT and ABC is given. As can be
seen from the table, ABC algorithm performed better than DT
with 2.0285e-05 mean SE and 0.0031 average e, value. The
data showing the comparison of the study with a similar study
in the literature are given in Table-2. As can be seen, the ABC
method outperformed similar methods in the literature.

TABLE I1. ACHIEVEMENT COMPARISON OF PERFORMED FORECAST
TECHNIQUES AGAINST SAME OR DIFFERENT DYNAMIC |-V PROFILE

Methods Reference R2 (%) MSE (%)

DT This study 95.79 0.11

ABC 99.92 (2.02)10°

XGBoost [9] 98.81 (50)10°

Smoothed XGBoost 99.43 (20)10°

1VV. CONCLUSION

In this study, which is planned by using up-to-date
methods such as artificial intelligence and machine learning;
firstly, knowledge about decision tree algorithm and artificial
bee colony algorithm is given. The change of cell voltage and
state of charge with the effect of dynamically showing current
profile has been investigated. Estimation data of cell voltage
have been obtained by running the algorithms. It is seen that
the decision tree algorithm, which is generally used in
classification processes in data mining, could have used in the
parameter estimation of batteries with acceptable accuracy in
this study. As a result of the comparison of both methods, it
has been determined that the artificial bee colony algorithm
has showed a more successful prediction performance. On the
other hand, it has been seen that the artificial intelligence
algorithm is slower than the machine learning algorithm. It has
been made a decision that the artificial intelligence algorithm
needs less memory and performance support. Furthermore, it
has been determined that it gives more successful results than
2 different methods presented in the current reference study in
the literature.

ACKNOWLEDGMENT

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors

REFERENCES

M. Huotari, S. Arora, A. Malhi, K. Framling, “A dynamic battery state-
of-health forecasting model for electric trucks: Li-ion batteries case-
study,” International Mechanical Engineering Congress and
Exposition, February 2021.

S. Khaleghi, Y. Firouz, M. Berecibar, J. Mierlo, “Ensemble gradient
boosted tree for SoH estimation based on diagnostic features,”
Energies, vol. 13, no. 5, p. 1262, March 2020.

E. Ipek, M. K. Eren, M. Y1lmaz, “State-of-charge estimation of li-ion
battery cell using support vector regression and gradient boosting
techniques,” IEEE International Aegean Conference on Electrical
Machines and Power Electronics & International Conference on
Optimization of Electrical and Electronic Equipment, August 2019.
M. F. Niri, K. Liu, G. Apachitei, L. Ramirez, M. Lain, D. Widanage, J.
Marco, “Quantifying key factors for optimised manufacturing of li-ion
battery anode and cathode via artificial intelligence,” Energy and Al,
vol. 7, pp. 1-16, January 2022.

E. Chemali, P. Kollmeyer, M. Preindl, A. Emad, “State-of-charge
estimation of li-ion batteries using deep neural networks: A machine
learning approach,” Journal of Power Sources, vol. 400, pp. 242-255,
October 2018.

Y. Wang, Y. Ni, S. Lu, J. Wang, X. Zhang, “Remaining useful life
prediction of lithium-ion batteries using support vector regression

(1]

(2]

(3]

(4]

(5]

(6]


https://www.sciencedirect.com/journal/energy-and-ai

[7]

(8]

(9]

[10]

optimized by artificial bee colony,” IEEE Transactions on Vehicular
Technology, vol. 68, no. 10, pp. 9543-9553, August 2019.

L. Yan, J. Peng, D. Gao, Y. Wu, Y. Liu, H. Li, W. Liu, Z. Huang, “A
hybrid method with cascaded structure for early-stage remaining useful
life prediction of lithium-ion battery,” Energy, vol. 243, p. 123038,
March 2022.

T. Carkit, M. Al¢1, “Comparison of the performances of heuristic
optimization algorithms PSO, ABC and GA for parameter estimation
in the discharge processes of Li-NMC battery,” Journal of Energy
Systems, vol. 6, no. 3, pp. 387-400, September 2022.

E. Ipek, M. Yilmaz, “A novel method for SOC estimation of Li-ion
batteries using a hybrid machine learning technique.”, Turkish Journal
of Electrical Engineering & Computer Sciences, vol. 29, no. 1, pp. 18-
31, 2021.

F. Timugin, A. Aytekin, A. Ayaz, “Decision tree algorithm in data
mining.” Sth International Social Research and Behavioral Sciences
Symposium, pp. 350-356, October 2019.

80

[11]

[12]

(13]

[14]

[15]

[16]

J. Han, M. Kamber, Data Mining Concepts and Techniques. USA:
Morgan Kaufmann Publishers, 1st ed., 2000.

Y. Yang, S. S. Farid, F. Thornhill, “Prediction of biopharmaceutical
facility fit issues using decision tree analysis,” Computer Aided
Chemical Engineering, vol. 32, pp. 61-66, 2013.

D. Karaboga, B. Bastiirk, “A powerful and efficient algorithm for
numerical function optimization: Artificial bee colony (ABC)
algorithm,” Journal of Global Optimization, vol. 39, pp. 459-471, April
2007.

A. Dogan, “Enerji sistemlerinde en uygun yiik akisinin saglanabilmesi
icin optimizasyon algoritmalarinin kullanilmasi,” Master Dissertation,
Dept. Elect. Electronics Eng. Erciyes Univ., Kayseri, 2011.

D. Karaboga, D., Atrtificial Intelligence Optimization Algorithms,
Ankara, Nobel Academic Publishing, 2014.

CALCE, Center for Advanced Life Cycle Engineering Battery
Research Group. Available online: https://web.calce. umd.edu /batterie
s/data.htm (accessed on 30 November 2022).



Straights And Potential Threats Of Metaverse And
Solution Suggestions

Olexandra Kalinska

Faculty of Communication and Media Studies, Eastern Mediterranean University,
Famagusta, North Cyprus, olexandra.kalinska@mail.ru

Abstract—The evolution of social media brought us to a
new level of the social media concept of Metaverse. Social
media is based on Virtual and Augmented Reality created
Metaverse platforms. On those platforms, real people can
create virtual avatars and use those avatars to represent the
actual person in a digital world. Metaverse has applications in
almost every subject from games to socialization, from
education to scientific research, and from business to digital
money like; Cryptocurrency, used for digital production in a
virtual world. This study was carried out to emphasize the
importance of Metaverse project, which is a new virtual world
application offered to humanity by information technologies,
for humanity and to raise awareness on particular issues. The
aim of this study is to contribute to the literature on Metaverse
and Artificial Intelligence and to provide a scientific resource
to other researchers. In the study, first of all, what Metaverse
project is and its working matrix are explained. Secondly, the
straights like; easy communication, a personal assisting
system that can connect to smart systems like smart homes,
cars, electronic gadgets, new experiences, virtual marketing,
and learning platform, and potential threats like; safety issues
and privacy issues, identity theft of Metaverse was explained
in this study. In the conclusion part, Metaverse and the future
of social media suggestions part also added. Lastly, in the
conclusion part of the study, the solutions for existing
problems in communication at Metaverse platforms were
suggested.

Keywords—metaverse, digitalization, artificial intelligence,
virtual reality, augmented reality, digital communication,
cryptocurrency

I. INTRODUCTION

Mobile Computing paradigms and technological
advances have developed with remarkable speed. Some
countries are newly facing 4G wireless internet, but at the
same time, only a few countries started to reach 5G and 6G
wireless internet (Wang & Zhao, 2022). The next-
generation Internet paradigm became Metaverse (Liu, et al.,
2022). With the help of internet-based and digital
technologies, anyone around the world can access
Metaverse platforms like; Roblox, Sandbox, Decentraland,
GALA, Blocktopia, and Metahero. Meta-platforms based
on Virtual Reality (VR), Augmented Reality (AR),
Artificial Intelligence (AI), and Cryptocurrency. They were
created for people’s comfort and easy communication while
using Meta-platforms. There are many advantages and
disadvantages of using Metaverse. This study explained
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Metaverse, Virtual Reality, Augmented Reality, Artificial
Intelligence, and Cryptocurrency, the positive and negative
sides of communication, and the use of Metaverse. This
study concludes by giving recommendations about potential
and existing threats on Metaverse, to replenish existing
literature with useful information.

II. BACKGROUND OF METAVERSE

Internet technologies improve day by day. It started with
a small idea and became a huge project that continues to
improve. One of the latest internet-based digital
development is Metaverse. The first time this terminology
was mentioned in the “Snow Crash” novel in 1992 by Neal
Stephenson as a Three-Dimensional world (Narin, 2021).
Metaverse is a virtual universe, where people can create
their avatars work, study and entertain. Metaverse is based
on Virtual Reality (VR) and Augmented Reality (AR)
public space that is open to everyone (Mystakidis, 2022).
Metaverse is a new opportunity for many companies like;
food companies, clothes and shoe companies, perfume and
make-up companies, Cryptocurrency space, learning-based
companies, and art companies. Moreover, people can create
their universes, do their meetings and learning online with
their virtual avatars, play and create games, do art, sing,
dance, and swim (Yiiksel, 2022).

Another point to consider is Metaverse has an important
tool that helps Metaverse citizens (Metazens) do their
activities, shopping, and daily tasks by using Artificial
Intelligence (AI). For example; If Metazen has a smart
house, Al-based personal assistant would be connected to
the house, so they know what actual people have in their
fridge and what they need. Al Personal assistants, also help
in daily planning like; meetings and write notifications for
homework. People can communicate with them via Virtual
Reality Head Set. Furthermore, AI speech filters that
translate languages and spam filters, so it makes
communication easier (Huynh-The, et al. 2022).

III. CONCEPTUAL FRAMEWORK

The important concepts and empirical findings from this
research’s literature review were explained below.

A. Virtual Reality (VR)

The first time, VR technologies came up in the 1800s
(Paro, Hersh, & Bulsara, 2022). This was the first
photography exhibition in the world, that had an idea of the



stereoscope. The Stereoscope is a device at the first time it
reminds glasses, but it is not the simple glasses that we used
to see, purpose of the stereoscope is to show exactly the
identically same illustrations for both left and right eyes.
The interest in the VR phenomenon became very popular in
the 1990s (Mazuryk & Gervaut, 1999). The media were
shaking from the information that was coming all over that
time. The idea of stereoscope continued until now, the only
thing that has changed is the physical images became digital
and they started to apply it to videos that create Virtual
Reality Glasses. Virtual Reality glasses create a feeling like;
people teleport and appear in another spare space, which is
a digital space that calls Virtual Reality. Virtual glasses are
not a must to get access to VR. Any digital technology like;
Personal Computer (PC), laptop, tablet, smartphone, Play
Station Portable (PSP), Play Station (PS), Television (TV),
and VR headset lets anyone who owns at least one from the
list above can get easy access to the Virtual Reality.
Furthermore, apart from visuals, audio, sound effects, and
music are also included for a better experience. Some well-
known fashion brand companies, musicians, and cinema
companies started to use VR as a 360-degree experience.

B. Augmented Reality (AR)

Another important element is AR. The transformation
and miniaturization of mobile technologies have started to
involve Virtual Reality based applications and platforms as
well as Augmented Reality. Briefly concept of Augmented
Reality is the completion of the real world with computer-
generated virtual objects that seem to exist in the real world
(Cavusoglu, 2019). After the development of VR, between
1998-2014 years, AR became another important digital tool
(Arth, et al., 2015). AR integrates digital information with
the real world in real-time (Carmigniani, et al., 2010).
People can use AR-based applications and programs on
their digital devices like; smartphones, laptops, tablets, or
smart glasses. For example; AR is AR based application
Snapchat. This program allows people to use face filters
like; makeup, and fake hair, change their hair and eyes
color, and also use some other visual and video-based
filters all around their environment. Also, it allows people
to play games, for example; Pokémon Go. Many people
around the world can play this game freely. The logic
behind this game is to find different Pokémon virtual
figures to catch and collect in their virtual library.

AR is also a part of Metaverse that let people show real
themselves in real-time in the digital world. It also helps
people get closer to the virtual world as well as it can be
used in the real world with the digital technologies that
support AR.

C. Artificial Intelligence (A1)

Artificial Intelligence was founded by Warren S.
McCulloch and Walter Pitts in 1943 known as the first
sequential logic model of a neuron (Piccinin, 2004). Later,
it started to develop and came until the 21st century. Al is a
simulation of human intellect by digital technologies. For
example; a car company named Tesla sells Artificial
Intelligent cars, that can drive on their own from one
destination to another. Also, with Global Positioning
System (GPS) help, it can drive all around the world where
it has an internet connection. So, people can sit, do other
things and enjoy their time during their trip (Ahmad &
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Khan, 2019). Furthermore, Al became one of the important
topics in Metaverse platforms. Metazens can walk around
different digital universes, during their virtual study or
work, and at the same time when they need any kind of help
or information, Al personal assistants, that Metaverse has
created for individuals do it for them (Bansla & Bansla,
2012). On the other side, people that live in smart houses or
have smart technology-based devices like; fridge, car, smart
TV, etc. are connected to smartphones same as Metaverse
let Al personal assistants collect and keep the information
of the Metazens (Huynh-The, et al. 2022). This may lead to
information leaking because of the hackers and it can create
these problems: identity theft, privacy issues, and safety
issues.

D. Cryptocurrency

Cryptocurrency is the alternative way of paying by
using encryption algorithms. There are four important
elements; security, utility, payment, and Stablecoins.
Cryptocurrency includes; NFTs, utility, payment tokens,
and assets-backed tokens. There are many available proxies
like; Bitcoin, Ethereum, Ripple, Tether, etc. Nowadays,
Bitcoin became the top of the other proxies in the market
world (Tiwari, et al., 2019). Bitcoin and the system were
invented by a group of anonymous authors under the
nickname Satoshi Nakamoto in 2008 (Haeringer, et al.,
2018). Blockchain is also an important element in
Cryptocurrency, that let users reach strong agreements for
every transaction (Catalini, et al., 2019).

Cryptocurrency plays a big role in Meta-platforms. It
let Metazens to rich and get every kind of item in the virtual
markets, that Metaverse has. Many companies started to
interest in Metaverse platforms and they started to get lands
like; some pop stars got lands for example; Indian popstar
Daler Mehndi, and since Metaverse works on
Cryptocurrency it is not that chip to get land there
(CNBCTV18, 2022). Many marketing companies started to
open their virtual companies and sell their goods to
Metazens. That means they will be able to use their
products in the virtual world. For example; Adidas
company applied to access to AR, especially for the young
Metazens. With the VR headset and any other digital
technology that has an access to the internet, Metazens can
try the Adidas products on their avatars and they can see
themselves in these products, and then they can get them if
they want (Hollensen, et al., 2022). Clothing and shoe
brands are not the only companies that are available on
Metaverse. Food companies like; Burger King, perfume
companies like; Yves Saint Laurent (YSL), and cosmetic
companies like; L’Oreal is available on Metaverse.

IV. POTENTIAL THREATS IN COMMUNICATION OF USING
METAVERSE

Nowadays many digital companies collect information
via social media and later they sell it to us and third parties.
For example; Facebook, YouTube, and Google sell data
(Fuchs, 2018). With the data commodity, they try to catch
more attention and produce more data, which counts as a
first problem. The second problem is security and privacy
concerns (Wang, et al., 2022). Cyberattack on social media
and other digital platforms is a well-known topic all around
the world. The third point to consider is virtual sexual
harassment and assault. These issues are one part of the



bigger problems that just technologies cannot solve without
people. For example; one of the female Metazen was
sexually harassed on one of Metaverse Platforms. There are
many cases like these and the sad part is it become even
more and worse. The fourth potential problem is; old
generations can have some issues integrating future
technologies fast into their daily lives. Fifth, Metaverse
starting to create an addiction, especially among the young
generation. As a result, it leads to depression, loneliness,
self-hate, aggression, anxiety, sleep disorders (Bojic, 2022).
Lastly, the distribution of fake news like; disinformation
and misinformation. Nowadays, official and unofficial news
posts fake news sometimes. Mostly, people watch the TV,
listen to the radio, reading news on social media and most
of them do not even check where that news came from,
some news companies do not pass from news inspection.
This leads to fake news distribution. Sometimes fake news
can create catastrophic issues like; war.

V. CONCLUSION AND SUGGESTIONS OF THE STUDY

Metaverse concept became a phenomenon that most
generations started to be interested in it. Metaverse helps
people to communicate easier and faster. It also has many
different advantages like; with VR, we can see and feel a
virtual environment closer than we see via other digital
gadgets, with AR we can combine the virtual and real world
and use it for our purpose. Al helps people to communicate
easier by making their life easier, personal assisting system
people can easily make virtual orders, translate speech and
other written virtual documents, Cryptocurrency is in use all
around the virtual world, so people and companies can get
and sell virtual goods. On the other hand, there are many
existing and potential threats on Metaverse. Suggestions for
existing and potential threats are written below.

o Issues like; safety and privacy can be solved by adopting
security tools like; VPNs, and antivirus software. Data
commodity can be solved by requesting information about
the Meta-platforms and to whom they sell the information.
For the sexual harassment and assaults, many Meta-
platforms started to exclude parts of the Metazen avatars
to prevent these problems. Also, they applied the tool so-
called ‘Safe Zone’, which allows any virtual avatar to keep
a distance between each other (Le, 2022).

Late integration of new technologies like; Metaverse
because one of the issues for the old generation, this
problem can be solved by giving education and
advertising by showing the possibilities of Metaverse
platforms and benefits for the old generation, which would
take their interest.

Addiction is another issue that needs attention as much as
other issues, especially among the young generation.
Young adults started to spend more time online and less
outside. Especially Metaverse became a part of their life if
not all of their life. There must be educational videos and
some courses for young adults on how to use Metaverse
and other social media and how to manage their time, to
prevent addiction and other psychological issues.

Lastly, Distribution of the fake news is a known problem
all around the world, this jumped to a new level of
communication and even got to Metaverse platforms. To
prevent and stop these issues Al technologies can help and
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use spam, and news filters, and check the news before
sharing it with the rest of Metazens.

Metaverse is a very useful and easy-to-communicate
virtual and social tool that can help entertain and educate,
etc. Suggested solutions will help to develop Metaverse
platforms and solve these future, potential and existing
problems.
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Abstract— In recent years, there has been a great increase
in the use and frequency of Internet of Things (10T) networks.
As technology develops rapidly, the number of security
measures increases at the same rate. With 10T, devices are
connected to each other and to the internet. Routing Protocol
for Low Power and Lossy Networks (RPL), on the other hand,
is a routing protocol used especially in resource-constrained
networks, such as 10T. Unfortunately, due to its nature, RPL is
vulnerable to internal and external attackers. Since resource-
constrained devices are always used in military communication
systems, communication must be reliable, verifiable and secure
against attacks. In this study, the military artillery
communication system is considered as an RPL system and
communication reliability is ensured by using the blockchain
and Artificial Neural Network (ANN) security systems. Here,
while a model is proposed for the reliability and versatility of
the communication channel that should be established between
the artillery fire support systems, the other one is also
proposed that allows the transition of the graphic shooting
ruler shooting principles from level of gunpowder to any other
level of gunpowder or from an artillery battery to another
artillery battery.

Keywords—RPL, RPL Attacks, 10T, Al, Blockchain in
Military, ANN.

. INTRODUCTION

Recently, 10T security technologies gained great
importance because the information and data should be
transmitted to the right unit at the right time. Especially, the
military information transmission, which has to be
decentralized and has a distributed structure, should be
successful. In addition to the safe delivery of any message
from the sender to the receiver, the communication
environment must also be secure. Therefore, the
communication environment should be closed to external
and internal attacks. Since the systems includes personal and
public accountability, the other security requirement is the
reliable keeping of databases and records created in every
field. This accountability is limited by the legal framework.
Communication can be defined as the function of sending
and receiving messages in various ways [1]. Although the
devices used in developing and changing communication
technologies change, the objects and aims about
information’s Security don’t change. Radios, phones, smart
systems and the IoT have become an integral part of our
lives. 1oT will offer great opportunities in many different
fields such as energy distribution, smart production, public
health, smart and sensitive agriculture, smart transportation
[2][3]. In this case the main problem is to create reliable and
verifiable data flow channels. Various names can be given to
this channel. Verified and reliable personnel channel,
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verified and reliable communication channel etc. At the same
time, another problem area to be addressed in this study is
the verification of the shifting from the gunpowder right to
the gunpowder right or from the battery to another battery,
known as the Graphic Shot Chart Arrangement Principles
(GSCAP). In military artillery architecture, the
communication tools and systems change very quickly.
Wired systems, wireless systems, satellite systems are only a
few of them. However, an uninterrupted, reliable and
verifiable environment is required in order to receive fire
requests and to perform firing missions successfully. The
description of the target, which will be taken under fire in
military artillery, is called Fire Request (FR). Please refer to
[4] for a classical artillery communication. Although the
conventional channel of transmission is encrypted, it is
known to be wvulnerable to RPL attacks [17][18]. This
channel and the network may even be listened, interrupted or
misinformed. FR broadcasts using open-data and satellite can
lead to weaknesses in personnel, intelligence and logistics.
Although the FR and communication in the conventional
artillery system have some protection and encryption system,
they are yet vulnerable to various attacks. Basically, FR and
communication are performed as follows: forward observers
report their target information to the fire management center
via radio or satellite method, and the fire management center
advertise the fire values to the firing batteries via wire or
wireless channel.

The second communication system in artillery is to send
the set values to another artillery battery. An artillery battery
that receives this information can find the arrangement
principles of its own position without making a shot, and
send it to a different battery by adding its own signature. A
battery sends the values to the B battery and the B battery
sends the values to the C battery by adding their own
signature. These two RPL network models will be explained
in later chapters. Military communication systems are
divided into eleven main titles [5] : Communication Systems,
V/UHF Military Radios, HF Military Radios, Military
Phones, Military Broadband Multimode Radio link,
Modems/Converters/Routers, Internal Speech  System/
Internal Communication System Units, Remote Command
Units and Systems, Recognition Promotion Devices, Data
Link Systems, Wave Shape Designs. Due to the large-scale
and distributed nature of military communications devices,
they have security and verification violations. By the way,
the military network and communication infrastructure
should be mobile and quickly adaptable. In order to have
these undesirable features, the first requirement is dynamic
change in the communication infrastructure that takes place
autonomously without relying on central control. Second,



military communication devices must transmit and receive
the secure data. Therefore, a reliable, flexible and
decentralized platform is required to meet the
communication needs in military operations and wars. Also
military communication systems, like a RPL network, are
resource  constrained  networks.  While  ensuring
communication and data security, available resources must
be used efficiently. In the blockchain based military RPL
communication model, it is aimed to create blockchain based
data source in the form of distributed ledger technology,
transparent and tamper-proof records [6]. Hence, it is an
undeniable fact that a controllable platform with tamper-
proof features is required to rely on the military
communication environment to overcome the challenges
presented and increase the reliability of the information
collected. Another important issue is the existence of noise-
free data. For this, the model has been tried to be free from
noise by using an artificial neural network model. This study
provides a secure RPL network based on blockchain and
neural network technology in military artillery class.

The first research [7] a blockchain-based application
architecture for Military 10T are proposed. The models have
five layers. Application, Service, Network, Access, Sense
layer. Three different application modes are designed for
using these layers. These application modes are Physical
Detection Mode, Network Transmission Mode and
Information Service Mode for MIOT. With the created
architecture, it is evaluated that it can be used especially in
weapon control systems, ground access systems and tactical
network structure. No laboratory studies have been
performed in this study. A blockchain based model is
proposed in [8]. Here the model can be used in various
military  applications such as Logistics, Artillery,
Surveillance. A blockchain-based ammunition transfer
system model is created especially during the period from the
moment the bullet is produced until it came out of the barrel.
Traditional consensus models are applied as consensus. An
authentication model for objects using blockchain is
proposed in [9]. The gateway and Ethereum address for all
objects are created. Here, a direct SSL connection between
the user and the objects are explained. The authentication
between the user and the gateway has two factors. Therefore,
the user must authenticate. A blockchain based study [10]
introduced a HTOP-like mutual authentication protocol for
RFID tags using the blockchain. In the model, each RFID tag
is identified by Ethereum addresses. Ethereum Balance is
used during mutual authentication, and after each successful
transaction, the specified amount of money is sent to the
address. Thus, a new balance value is formed. Here, how the
Ethereum address is created for RFID tags is not clearly
defined in the study. A blockchain based model called
"Blockchain-based Secure Communication Application
Proposal" is proposed in [11]. Here, the application called
"Cryptouch” is developed. They used blockchain
infrastructure, PoW  consensus  mechanism,  IPFS
(Interplanetary File System Protocol). IPFS could overcome
some difficulties caused by direct P2P communication.
Energy consumption measurements explored [12]. ESP32
device, and RSA/ECC algorithms is used in the study.
During the implementation of these algorithms, comparisons
of performances are given using different parameters. Three-
layer architecture based model is proposed in [13]. The
recommended layers in the study are Battlefield 10T layer,
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Network layer and Consensus and Service layer. They
evaluated Battlefield IOT and its sensors as the main element
in the study. Blockchain architecture forms the basis of the
architecture. This architecture has a hierarchy and consensus
mechanisms based on hierarchy. A study called "Secure P2P
communication based on blockchain" [14] is proposed a
security model. In particular, the security messaging and
mailing processes using "'S / MIME and PKI" techniques is
evaluated. They considered that some security applications
could be overcome by MITM and EFAIL attacks, so they
created a model consisting of Smart Contract, Blockchain
registration, Smart Contract based authentication and
messaging system. They evaluated the proposed model is
more feasible and safer than traditional models, and could be
used even if it is not reach a full safety level. An unveiled
scalable access control architecture model is proposed in
[15]. In this model, all objects have an Ethereum address.
The list defined for access control is kept on the blockchain
network. Here, the restricted application protocol (CoAP) is
used datagram transfer layer security (DTLS) for
transmission security. The management center in the model
links objects to the blockchain. Hence, objects cannot be
directly connected to the network. There isnt any
information about how the thing and the hub authenticate
each other. A blockchain based P2P Applications is proposed
in [16]. They created a detailed analysis model and they
evaluated the wireless networks of 10T devices. The ones
used for the infrastructure are LoRaWAN, NB-10T and
SigFox. All devices that want to log into the system with an
Internet Service Provider are licensed. The Cloud Computing
model is used to store data or for a repository, and they used
Saa$S and PaaS in the study. Here it helps users manage data
and applications on both systems. The model was carried out
through built interfaces. With these interfaces, data
monitoring and identity management can be provided.

I1l.  ANALYSIS

In this study, two different RPL communication models
are presented as an artillery communication security and data
flow advertisement model. Sending the fire request is
explained in first model and the blockchain model added to
the artificial neural network is explained in the second
model.

A. Military Artillery Units Communication And The First
Model : Blockchain Based Communication Model

The saying “no battle without communication” in the
military literature is still valid in military artillery. It is
impossible for artillery systems to perform their military
duties without communication. An effective communication
environment must be available to transmit or advertise the
necessary mission information from the forward observer to
the fire management center and the fire management center
to the batteries. Regardless of the type of operation to be
carried out, all artillery units have a single mission. This task
is to hit-kill the desired target at the desired time and at the
desired activity. The smallest hitch in the communications
system makes it impossible to do this task. In addition, the
importance of reliable and verifiable communication
becomes apparent when it is considered that artillery shells
are fired over the friendly troops when necessary. An
artillery shooting team consist of a forward observer, a fire
management center and a battery. These theree units are
shown in Fig.1.
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Fig. 1. Artillery Units” Communication

The forward observer defines target and evaluates
information about the target. It reports the evaluation result
to the fire management center via radio or satellite. The
information here is stored in a database. Even if this data is
sent encrypted, it can be listened to with the same style of
devices and it may be exposed to electronic printing.

The fire management center, which takes target
information, makes its own evaluations and calculations. In
fact, the main task of the fire management center is to
translate target information into numerical data. All data
transmitted to the this center contains confidential
information. Not only text data bu also it may be necessary
to send information such as pictures and videos in a secure
environment. However, sometimes this transmission can be
very difficult. Since the blockchain structure offers a
reliable and verifiable platform, it is considered that a
blockchain based model can solve security and verification
problems. This technology can provide data encryption and
some consensus mechanisms among users. The encryption
includes encryption methods such as SHA-256.

Conventional communication and conventional fire
request’ steps, and Blockchain based communication are
given in Table I and Table II.

TABLE I STEPS OF CONVENTIONAL FIRE REQUEST
Step Function

1 Detect Target

2 Evaluate Target (quality, number, latest mobility etc.)

3 Guess the Movement of the Target (What is he doing?)

4 Add Additional Reviews, if applicable

5 Send target information to the upper unit (Fire
headquarters / Operation center).

6 The information obtained was approved by the fire
headquarters.

7 Recording of data (recording in the database).

8 Evaluation of the data by the fire management center.

9 Deciding to put the target under fire?

10 If the target is to be fired, alert the best gunner battery
and send the information to this battery
The fire management center and the artillery battery

11 decide the most suitable projectile and artillery plug
combination according to the target information.

12 Execute the shot.

13 Evaluate the effect observed as a result of the shot.

14 Inform the commander after the mission is completed.

TABLE II. BLOCKCHAIN BASED COMMUNICATION AND FIRE
REQUEST
Step Function

1 Detect Target.

Evaluate Target (quality, number, latest mobility etc.)

Guess the Movement of the Target (What is he doing?)

Add Additional Reviews, if applicable

Creation of the first block for sending information

Send target information to the upper unit (Fire headquarters
/ Operation center)

Recording of data with TX information (recording in the

~N| o | gRlwN
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database)

8 Evaluation of the data by the fire management center.

9 If the target is to be fired, alert the best gunner battery and
send the information to this battery

10 Adding information into the created block
The fire management center and the artillery battery decide

11 the most suitable projectile and artillery plug combination
according to the target information.

12 Execute the shot.

13 Evaluate the effect observed as a result of the shot.

14 Inform the commander after the mission is completed.

15 | Complete block information

16 Closing the block by performing the old block switching.

17 | Preparation for the new linked block.

1) Blockchain ~ Based  Artillery  Communication
Architecture: In  military artillery applications, the
distributed ledger structure of the blockchain system should
be in the foreground. In this way, it is possible to execute
commands or orders online. In this study, a three-layer
architecture was created for this system. The three-layered
architectural layers are shown in Table Ill. Four different
elements have been identified that will work and provide
operation in this three-tier architecture. Who these elements
are and the layers they work with are presented in Table IV.

First and end wusers: People who initiate data
transmission or provide data reception using devices
generally. The fire control center staff, who send the fire
request to the forward supervisor and the arrangement
values to the other battery, are first and end users. The
account book, private / public network key for each user has
a unique system identification number and MAC address
provided by the system administrator.

1) Commanders: Commanders in their hierarchy tree
sign the TXs of units. Private key system identification
number is used in signing operations.

2) Create and Publish Operator: The task of this unit is
to create blocks and create a smart contract between the
units, starting from the forward watcher, the unit where data
transfer first started. All TXs that have passed the approval
are kept in the so-called TX pool. The management of the
TX pool is the responsibility of this unit. The blocks to be
created carry this unit's own signature, block urgency code,
previous block information, and promotional information
when added to the blockchain.These units must keep all
blocks created in the system in the pool.

3) System Administrator: Checks whether the system is
working properly. Feedback is collected here. The system
manager is the commander's special headquarters officer.
One can be specified for over 5000 devices. Smart contracts
that are created especially in the process of inclusion of
blocks in the system are regulated by this unit.

TABLE III. THREE LAYERED ARCHITECTURE

Layer Function/Name
1 Data and Information Collection Layer
2 Control and Merge Layer
3 Block Creation Layer




TABLE IV. THREE LAYERED ARCHITECTURE ELEMENTS
No Name Layers
1 First and End User 1,2,3
2 Commanders 1,2,3
3 Create & Publish Operator 2,3
4 System Administrator 1,2,3

B. Layers

1) Data and Information Collection Layer (Layer -1):
All devices in the proposed model can reach this layer. The
devices working in this layer are the first and end user
devices. Devices in the layer share their data on the public
network. The data to be kept here must be unchangeable. To
achieve this, some encryption and cryptographic methods
are needed. ECDSA (Elliptic Curve Digital Signature)
method is used for the common key encryption of the
devices. MAC addresses are fixed and introduced to the
network. All processed TXs are saved to the system. The
User wants to send information in a transaction and PKI
signatures for Data communication, the protocols they use,
the signatures and validity status of the units performing
these checks, the data to be sent, timecode and sender
identification code, IP, MAC, system identification number
and node classification. According to the authorizations
given by the system administrator, the devices can access
the data within their authority. Traditional protocols do not
allow non-text data transmission. Therefore, P2P-based
IPFS protocol can be used for solving this problem. In this
way, in RPL based networks users are provided with the
opportunity to send all types of data.

2) Control and Merge Layer(Layer-2):The purpose of
this layer is to capture and transmit all transactions prepared
and processed in the Data and Information Collection Layer.
In the model, it is planned to allocate devices that allow
access to 5G / LTE to ensure the continuity of the
communication of the mobile and independently operated
artillery firing force and artillery batteries. Network
communication is of great importance in military artillery
systems as in all communications. In this study, going
beyond the traditional system, communication models
including decentralized and blockchain technology are
presented. In models, all devices used for communication
can communicate directly with each other, within their
authorization.

3) Block Creation Layer(Layer-3): The purpose of this
layer is to perform various checks and create blocks before
the block formation. Transactions created in Blockchain
technology communicate with certain consensus algorithms
through smart contracts. These algorithms are known as
PoW and PoS. In this model, blockchain based hybrid
consensus is proposed for military artillery. This controller
includes authentication, system identification number
verification, PKI verification, TX number verification,
authority tree verification and other information checks.
Therefore, unauthorized code usage is also prevented. After
verification, all previous transactions are completed and
ready for approval. The transactions approved in all
approval mechanisms are kept in the TX pool. TXs are kept
in the pool and published. If there are TXs with any priority
or urgency code added by commanders or system
administrators, they can be processed before. The
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information planned to be added to a block is shown in
Table V.

C. The Second Model: Blockchain Based Artificial Neural
Network Communication Model

In this model, blockchain based artificial neural network
model was created. With the model created, it has gone
beyond traditional methods and blockchain transactions are
embedded in artificial neural network model. When these
processes act as part of the activation function, hybrid
blockchain based architecture has emerged and “perceptron”
is used in the model, and a perceptron model is shown in
Fig. 2. In this model, shifting the arrangement values that
hold an important place in the gunner system will be
explained with blockchain technology. The bias values in
the model are correction values. In other words, when any
correction is made in the information in the model, it
ensures that both the corrected value and the raw data are
preserved. A battery must find shot correction values in its
current position. In the absence of these values, it allows the
target to be warned without hitting it, increasing the
probability of its position being detected by the enemy. It
also has to fire more shells to hit the target. The
meteorology report should be updated after shooting
correction values are found. Because gunner shells have a
high bullet peak height.(10000 or 20000 meters etc.) So, this
case is a continuing activity. After an artillery battery is
deployed, he finds the firing correction values. Because the
existing spreadsheets are calculated for standard conditions.
These values include that “change in the position metrics”
and “do not change in the position metrics”. The calculated
correction values are added to the ruler. So, the corrected
current value is found. Shot values are the adjusted values
determined by the artillery battery are called the “firing
principles”. When these principles are found, all howitzer in
the battery can shoot on the target at the same time. This
shot is called the "hit of action”. Inputs in the Perceptron
model are compared to shot correction values. The image
regarding the corrections in the spreadsheet is in Fig. 3. The
fixed calculating values are the input values indicated by the
"X" in the perceptron model. Correction values are "bias"
values. The advantages of shifting firing principles
correction values to a different battery: the target area is not
warned, the own position area is not detected by the enemy,
provide ammunition saving, and minimize the error rate in
calculations. When shifting firing principles correction,
operations performed in the first model by the system
administrator will still be implemented. Thus, while sending
data from “A” battery to “B” battery, some information will
be recorded. Blocks will be created with blockchain
technology. Data reliability and accuracy will be ensured in
this way. Blocks will be created in the input and activation
function (output) section of the artificial neural network.
Thus, incoming data and information about

TABLE V. PROPOSED BLOCK SCHEME
Blocks Function
All Previous blocks hash codes
All Timecode and Sender Identification Code
All Block Prepator Signature
All Flexibility code 1 (when required)
All Flexibility code 2 (when required)
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Fig. 2. Perceptron Model

Fig. 3. Corrections in the Spreadsheet

the sent data are written in blocks. The blocks contain the
following information: System identification numbers of the
devices, Previous Blocks Hash Codes, Timecode and Sender
Identification Code, Block Prepator Signature, Flexibility
code 1 (when required), Flexibility code 2 (when required).
This model can be used especially for cleaning dirty
information, especially for detecting data that is trying to be
changed by the attacker with simple scrambling methods.
Since the model is especially suitable for the analysis of data
to be collected from loT network layers, it can be used to
detect RPL specific attacks if the features are determined
appropriately.

IV. RESULTS

In this study, it has gone beyond classical
communication by taking advantage of the superior features
of RPL, artificial neural network and blockchain
technology. The proposed models are equipped with these
features. Blockchain and ANN based communication has
many advantages, especially data security and data
accuracy. In particular, the military environment in which
data with confidential information and intelligence features
allows the use of this technology. Communication is an
indispensable element in the military artillery system, which
forms the basis of military architecture. At the same time,
this approach offers a decentralized structure by removing
central authority and introducing distributed ledger
technology. Transactions are encrypted, indelible and
transparent. Necessary consensus, smart contract, tools are
determined and implemented in this system without
disturbing the military order and hierarchy.

V. CONCLUSION AND FUTURE DIRECTIONS

In this study, based on the fact that artillery systems
have RPL network feature, two different models are
proposed and main aim is to make the network more reliable
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in order to detect specific RPL attacks. The request of the
artillery firing team to fire and shifting the firing correction
values from battery to battery is explained. Proposed models
can be used interchangeably. In the next study, it is planned
to transfer the models that provide the RPL security
mechanism described above to the simulation environment
and detect the RPL specific attacks such as hello flood,
version number, decreased rank and worst parent attacks by
monitoring the data flow.
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Abstract— This paper presents a new robust nonlinear
control strategy based on backstepping control applied to
control active and reactive power for permanent magnet
synchronous generator (PMSG) integrated into a wind energy
conversion system (WECS). The aim of this control is to obtain
high dynamic performances in terms of reference tracking,
sensitivity to perturbations, and reducing the phenomenon of
chattering compared to the conventional sliding mode control
strategy. The use of the conventional Sliding Mode control
technique gives quite interesting results, but its major drawback
in the phenomenon of chattering (oscillations) caused by the
discontinuous control signal, which reduces the precision of the
system. For this, we propose in this work a solution to avoid this
chattering phenomenon, by the implication of a Non-Linear
robust control based on the backstepping approach. The
proposed technique allows having improvable performance
while keeping the robustness of the system and the convergence
in finite time. Simulation results demonstrate the good
effectiveness and excellent robustness of the proposed technique
comparatively to the Sliding Mode Control one.

Keywords— Lyapunov stability, ~Permanent Magnet
Synchronous Generator, Wind Energy Conversion System,
Maximum Power Point Tracking, Robustness, backstepping
Contro.

I. INTRODUCTION

Wind energy is among the renewable energies that have
experienced the strongest expansion in the last decade thanks
to the advantages it brings the environmental and economic
benefits [1]. According to the latest report from the Global
Wind Energy Council (GWEC), 2021 was the second best
year on record for the global wind industry, with 93.6 GW new
installed capacity.

PR China 50.91%

Vietnam 3.74%
Brazil 4. 06"
USA 13.58%

Fig. 1. Total global new wind power installation in 2021 [2].
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The year 2021 saw new wind installations exceeding 93
GW, only 1.8% lower than the 2020, bringing the total
installed capacity to 743 GW, i.e. a growth of 12.4%

compared to last year [2].
v.u-uu!llllnlnllnlnll

Fig. 2. Historic development of total installations (GW) [2].
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The use of Permanent Magnet Synchronous Generator
(PMSG) makes variable speed wind power (VSW) conversion
systems more attractive than fixed speed ones because of the
possibility of optimum energy extraction for different wind
speeds, reduction of mechanical stress by eliminating the
multiplier, which improves system reliability, and reduction
in maintenance costs [3]. In the literature, several control
methods have been suggested to control PMSG’s powers,
such as the vector control technique based on the classic linear
regulator, due to their simple conception and implementation
[4]. However, A classic linear regulator is therefore not
suitable for this type of application and it is, therefore,
necessary to use more modern and robust regulators [4], [5].
To obtain high performance and better performance, it is
necessary to design suitable robust controls, which render the
system insensitive to external disturbances and to parametric
variations. Among them, the sliding mode control. [6]. The
sliding mode control (SMC) has been very successful in recent
years. This is due to the simplicity of implementation and the
robustness in relation to the uncertainties of the system and the
external disturbances marring the process. The sliding mode
control consists of bringing the state trajectory towards the
sliding surface and making it evolve over it with a certain
dynamic up to the point of equilibrium by adding a
discontinuous control signal across the sliding surface,
satisfying the sliding condition. However, the major drawback
of this regulator is the appearance of the phenomenon of
chattering caused by the discontinuous control action which
manifests on the variables want to control its. [7,8]. Recently,
nonlinear backstepping techniques have become an interesting
option to be used in several kinds of systems. In this paper, the
backstepping Control (BSC) has been introduced to overcome
the chattering problem while keeping the convergence



properties in the finite time and robustness of Conventional
Sliding Mode Control (C-SMC). This study aims to control
the Active and Reactive Power of the PMSG based on wind
energy conversion system, where reference active power will
be obtained from the MPPT maximum power extraction
algorithm to ensure better efficiency of the wind system, while
the reactive power will be kept zero in order to have a unity
power factor. The maximum power point tracking was
achieved by using the tip speed ratio algorithm. In that way,
an overall modeling of proposed system has been
presented. Then a control strategy of the MPPT for extraction
of maximum power of the turbine generator with PI
mechanical speed controller is presented. Thereafter, the
modeling of the PMSG, then, an exhaustive explanation of the
Backstepping technique based on Lyapunov stability and
optimization method has been reported in order to control
the stator active and reactive powers of the PMSG. Finally,
the results of the simulations will be presented in the
environment Matlab/Simulink in order to show that the
proposed BSC strategy effectively gives a good performance
(good tracking, disturbance rejection, and minimizes the
chattering phenomenon).

Il. MODELLING OF WIND TURBIN

The Wind Energy Conversion System (WECS) is shown
in Fig3. It consists of a turbine, a rectifier, a PMSG and an
inverter connected to the grid.

Grid Side
Converter

Stator Side
Converter

Turbine

Grid

YL

MPPT
Technigque

|

Wind turbines allow the conversion of Kinetic energy into
mechanical energy, which is then converted into electrical
energy by a generator.

2.1. Wind model
The wind speed is modeled by a sum of numerous
harmonics as follows:

]—)[ Control S‘trategv] —)[ Control Strategy ]

Fig. 3. Structure of wind system based on PMSG.

n
V:VO+ZAsin(wit+¢;,) 1)
i=1
The nonlinear expression for aerodynamic power captured

by the wind turbine is given by [8]:

Por = %Cp(/i,ﬂ).p.ﬂ.Rz.V3 (2)
With:

L : the air density ( p =1.225 kg/m? atmospheric pressure
15°C);

V: wind speed (m/s);
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Cp(A, B) is the power coefficient which is a function of
both tip-speed ratio (TSR) A and blade pitch angle B[deg],
which is described as [9]:

-125

116 0.48-5)e % +0.00684

Cp(4, ) =0.5(— -
(4, 5) (/L-

©)
1 1 0.035

4 A+0088 B+l

It depends on the ratio (A ) and the orientation angle of the
blade (). The tip speed ratio TSR of the wind turbine is

defined as following [09]:

— ROy 4
Y @

Where Qq,, represents the rotational speed of turbine (rd/s),

R is the wind turbine radius (m).
The aerodynamic torque is given by:

Paer 1 3 1
=L ==—C,(4,8).pSV"—
0, 2 p(.B).p o,

A

®)

Caer =Taer =

Fig.4. illustrate the curve of C,(4,) obtained by equation
3).
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o
7

Power coefficient C p

Fig. 4. Power coeficient versus tip-speed ratio for various values of B.

It can be noticed that when pitch-angle are fixed at a value
of 2, we get the nominal value of Cp about 0.5 for (TSR) A of
9.14. So the maximum power can be obtained from the wind.
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Speed ratio

Fig. 5. Power coefficient versus A at fixed [ .

In this case, for a rated value of wind speed, the optimal
turbine speed and maximal power are expressed as:



A

opt

R

\Y,

tur—opt

(6)
P

tur—max

=%Cpm“.p.ﬂ.R2.v3

Thus, for each wind speed vwind, there is a maximum rotor
speed Qopt which made a maximum power recovered from
the wind turbine (Fig. 6).
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Fig. 6. Maximum power in function of rotor speed.

2.2. Model gearbox

The turbine is connected to the generator shaft through a
gearbox whose model is as follows:

Wind >
—
Q turbine Q mec
Multiplier
Turbine Generator
Fig .7.Diagram of the wind turbine.
Cg _ C(a}er
()

Q= Qmec

turbine G

Model proposed considers that the total inertia J is given
by: [11,12]

J= L“Gfb;” +J, (8)
2.3. Dynamique model of shaft
The dynamic equation of the wind turbine is given by:
daQ
J me —_C =C. -C._-fQ 9
dt mec g em mec ( )
Where:

Where C, is the generator torque, C,, electromagnetic
torque, J,: Inertia of the generator, f coefficient of viscous
friction, G: multiplier gain.
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I11. MPPT CONTROLLER

The energy produced by the wind turbine depends mainly
on the wind, The following figure shows the power curve of a
wind turbine as a function of wind speed.

Region I Region II Region III .7 Region IV
3 L
R | Rated power
- |
S I
g e Rated Cut-out
= | speed speed
= I
=3 I
= I
o |
I
]

Wind speed V,, (m/s)
Fig. 8. Different functioning zones of the wind turbine.

Thus during phase Il, the aerogenerator must produce
maximum power by making the best use of the energy
available in the wind. Therefore, and with a view to ensuring
maximum energy productivity, we need to find the operating
point at maximum power MPPT (Maximum Power Point
Traking). This method makes it possible to follow, as its name
suggests, the maximum power point of the wind
turbine.Various MPPT algorithms or strategies for small wind
turbines have been developed in the literature. In this paper,
the MPPT with speed control by using the PI controller as
shown in Fig 9:

Fig.9. Power maximization with PI control strategy

Classical PI controller for MPPT

The expression of the reference electromagnetic torque
becomes:

K.
Kp +_Ij-(Qmecref _Qmec) (10)

Cem—ref = [ S

The reference rotation speed and reference mechanical
speed of the turbine is defined by:

AoV

opt

- 1)

Q

‘t—ref

We deduce the PMSG rotational speed reference taking
into account the gain of the multiplier by: ©__ . =G.Q_



IV. MODELING OF PMSG PERMANENT MAGNET
SYNCHRONOUS GENERATOR

A. PMSG Modeling

The Park’s transformation is applied to the coordinate
model (a; b; c) of the synchronous generator to produce the
coordinate model (d; q) of the PMSG. The voltage equations
of the direct axis (d) and the orthogonal axis (q) are shown in
[10]:

e  Stator voltages:

. d
Vg = Rg.ly +%—We.¢q
12)
 dg,
Vg = Rg.g +T+We.¢d
e  Stator flux:
=Lg.q +
{¢d Lydg +wy (13)
% =Lg:lq

From “(12)” and “(13)” the stator voltages can be written
as:

. di .
Vq = RS'Id + Ld d—?—We.Lq.lq
14
. dig (14)
Vq = Rs-'q + an

: components of stator current in the dg-axes

+We.(Lg-lg +w¢)
lgs g
Var Yy
R, : stator resistance,

Ly, L, d-axis and g-axis inductances,
w¢ - permanent magnetic flux and

: components of stator voltage in the dg-axes,

W, : electrical rotor speed of the generator which is related
to the mechanical rotor speed by w, =P.QQ, where P is the

generator number of pole pairs.
The electromagnetic torque of the PMSG is given by :

3 L. .
Cem E_P_[(Ld - Lq).ld g +\Pf.|q] (15)

B. ACTIVE AND REACTIVE POWERS OF THE PMSG

The active and reactive stator power in the Park reference,
are written:

(16)

To realize independent control of active and reactive
power, a two-phase dq rotary reference frame related to the
stator magnetic field is selected. What:

Vg = 0 17
v =Ve (7)
In that case, Equation “(14)” becomes as follows:
. di .
0=Rg.ig + Ly d—?—we.Lq.lq
(18)

. di :
VS = Rs-'q + qu—?+We.(Ld.|d +“Pf)
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Hence, the active and reactive powers (P, Q) can be
written:

{P = Vs. l:q (19)
Q = VS' ld
we.‘Pf
Y L S+R 7 :
q S I
I
I
I
Ld.w(, = -—— - //
P
Lq.we - --"" AN
1
Vd |
AA 1 ! V
’ L Ry
L S +R P
d K ld

Fig.10. Block diagram of PMSG.

V. BACKSTEPPING CONTR OL OF THE PMSG

A. PRINCIPLE OF THE BACKSTEPPING APPROACH

The technique of Backstepping is a very recent and
extensive approach for the control of nonlinear systems. It was
developed by Kanellakopoulos (1991) and inspired by the
work of Feurer Morse (1978) on the one hand and Tsinias
(1989) and Kokotovic Sussmann (1989). The main idea of
Backstepping is to calculate a control law in several steps in
order to guarantee a certain Lyapunov function which is
always positive and its derivative will always be negative,
which instantly guarantees the overall stability of the system
[13],[14],[16], [15].

B. APPLICATION BACKSTEPPING CONTR ON PMSG
e  Active power control

The errors between the reference and the measured signals
of stator active is:

g =P -P (20)
The derivative of the error is:

&, =(P* -P) 1)

We consider the following Lyapunov candidate function:

1.

Vie) =& (22)

The derivative of Lyapunov's candidate function:

V(e)=¢eg (23)

With:

¢, =(P* -V..Iq) (24)



By replacing the expression of the derivative of the current,
we obtain:

6 =[P —X:(vq R~ W (Lydy + )] (25)

Replacing it in the Lyapunov's candidate function:

. . V . .
. f 2
V (el) = elel = el[Pre _L_S'(Vq - Rs'lq _We(Ld 'Id + le )] = _klel
q
(26)
We derive the expression of the backstepping stabilizing
command as follows:

A L, [P JrkielJr\Ii—s.(Rs.iq +w, (L dy +¥ )] 27)
q

a = \TS
With k1 positive constant.

e  Control of the reactive power

The reactive power tracking error is:
€, = Qref _Q

The derivative of the error is:
6,=Q" -Q (29)

The augmented Lyapunov function is given by the following
expression:

(28)

1 1
V(e,e)==e’+=¢’ 30
(e.€,) S8 58 (30)
Its derivative is given by:
V(e.e,) =68 +e¢ =—ke +6(Q" -Q) (31
With:
éz = (Qref _Vs'l.d) (32)

By replacing the expression of the derivative of the current,
we obtain:

. . V . .
2 f
V(e,e,)=-ke +e,(Q" —L—S.(vd Ry +w,.L .i,))
d
The expression of the backstepping stabilizing command is
given by:

. L

V) = Q™ 4 e ke, + Ry ~ WLy

T <

With k2 positive constant.

VI. SIMULATION RESULTS AND DISCUSSION

In order to test the performance of the systems, we chose
two wind speed profiles which are given by Figure (11) and
Figure (16). The system parameters that have been chosen for
the wind turbine and PMSG are given in the table (I).

PMSG parameters

Nominal power

Voltage

frequency

Stator resistance

d-axis stator inductance Ld
g-axis stator inductance Lq
Permanent magnetic flux
Number of pole pairs p

600 KW
220V
50 Hz
140
0.0066 H
0.0058 H

0.15Wb
17

e  Tracking test

In the first case, the wind speed increases from 8 m/s to 10
m/s at t = 2s, and from 10 m/s to 12 m/s at t = 6s. “Fig. 1”

shows the wind speed at which the wind system is attacked.

14

12

B
o

Wind Speed (m/s)

o 1 2 3 4 6

5
t(s)

Fig.11. Wind speed profile.

7

‘ P-ref

o 1 2 3 4 6

5
t(s)

7

8 9 10

Fig.12. Active power with BSC of PMSG.
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5
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8 9 10

Fig.13. Reactive power with BSC of PMSG.

TABLE I. PARAMERTERS OF WT AND PMSG
WT parameters
Parameters Values

Density of air 1.22 kg/m®
Radius of rotor 3m
Gear box ratio G=1
total inertia 16 kg.m?
Total viscous friction coefficient 0.06 N.m/s
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Fig.14. Current of PMSG.
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Fig.15. Current Zoom of PMSG.
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According to figure (12) and figure (13), the simulation
results obtained show good performances in following the
active and reactive power their references.

Figure (14,15) show that the currents obtained at the stator
increase when the wind speed increases, moreover, these
currents have sinusoidal shapes.

e Robustness test
In the second case a variable speed is used to check the

robustness of the system. Figure (16) shows the wind speed
with which the wind system is attacked.
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Fig.16. Wind speed profile.
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Fig.17. Active power with BSC of PMSG.
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Fig.18. Reactive power with BSC of PMSG.
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Fig.22. Tip-Speed Ratio.

It is clear that the different parameters follow perfectly
their references. and robustness is assured despite the sudden
variation of the setpoint.

Looking at “Fig; 21” and “Fig. 227, it is clear that the
system with MPPT control has the coefficient of power Cp
maintained at its maximum value (CL“aX:O.S) and the tip
speed ratio TSR, it is kept around its optimum value
(Aopt =9.14) .

Now, a comparison between Sliding mode controller and
BSC results have been illustrated in Figs. 23-24; we have
respectively the active and reactive power.

=)
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e e -
=
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©
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-50
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Fig. 23. Active power with SMC.

Fig. 24. Reactive power with SMC.

VIIl. CONCLUSION

This paper proposes a new robust backstepping controller
with applied to the wind energy conversion system WECS
based on Permanent Magnet Synchronos Generator PMSG
taking into account variable speed parameter. Global
asymptotic stability was achieved via the Lyapunov stability
analysis. This control strategy presents through simulation a
high performances in terms of tracking trajectories, with
excellent ability of disturbance rejection and excellent
robustness to eliminate the phenomenon of CHATTERING,
without degrading the performance of the system.
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Estimating a City’s Electrical Load Demand with
Long Short Term Memory
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Abstract— The increase in the human population and the
developments in technology have increased the power
consumption rapidly today. For this reason, estimation of
electricity load is of great importance for the planning of
electricity production and consumption of a country. This study
proposes an approach for estimating electrical load demand
using Long Short Term Memory method, which is one of the
deep learning techniques. The proposed model is applied on the
four year from 2015 to 2019 hourly electricity consumption data
of a city. The results of the proposed model were evaluated using
Mean Absolute Percent Error (MAPE), Mean Absolute Error
(MAE), Root Mean Square Error (RMSE). The results show
that the proposed model can be successfully used to estimate
electric load demand for the planning of electricity production
and consumption.

Keywords— Electrical Load Demand, Deep Learning, Long
Short Term Memory, Time Series

I. INTRODUCTION

Forecasting electricity demand is important for efficient
planning of electricity generation, transmission and
distribution. A wide variety of approaches have been
proposed to study electricity demand forecasting. Garcia-
Ascanio and Mate [1] adapted the vector autoregressive
model to interval time series to estimate the hourly electrical
energy demand in Spain in the years 2006-2007. Kaysal et al.
[2] studied short-term load estimation of a small region using
artificial neural network and adaptive neural fuzzy inference
system methods. Cevik and Harmanc1 [3] studied short-term
electrical load estimation for the next 24 hours. Artificial
neural network (ANN) and particle swarm optimization
(PSO) techniques were used for the hybrid prediction
method. Wan He [4] used convolutional neural network and
recurrent neural network to extract rich features from past
load consumptions for short-term load prediction.
Experiments were conducted on a large dataset of hourly load
consumptions of a North China city between 2009 and 2012.
Yuan et al. [5] proposes artificial neural network models to
predict seasonal hourly electricity consumption for three
areas of a university campus in Japan. Considering the Feed
Forward ANN trained with Levenberg-Marquardt
backpropagation algorithms, future seasonal hourly
electricity consumption is estimated. Ayoub et al. [6] presents
a short-term demand and supply forecasting model using
hourly collected annual demand data for a micro grid supply
system used to secure the electricity demands of a
commercial building. An artificial neural network has been
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built to predict production capacity and load demands within
24 hours. Shaikh et al. [7] proposes an approach for short-
term electrical load estimation using the Long Short Term
Memory (LSTM) architecture. Mujeeb et al. [8] proposes a
model aiming at electricity price and demand forecasting
using the LSTM method for large data sets. Behm et al. [9]
presents a method using artificial neural networks for long-
term forecasts of hourly, weather-dependent, annual
electrical load profiles for European countries. Pegalajar et al.
[10] developed machine learning models to predict electricity
demand. The study was conducted using 10 minutes of
Spanish Electricity Grid data from 2007 to 2019. Linear
regression, regression trees, regression gradient boosting,
random forest, multilayer perceptron, LSTM, gated recurrent
units neural network and Jordan recurrent neural network
prediction models were used.

Recurrent neural networks are often used to perform time
series predictions. However, RNN have the problem of
vanishing gradients. LSTM which significantly increases the
precision of the model is used to overcome this problem and
to formulate long-term dependencies between training
samples. LSTM protects both long-term and short-term
states, converges faster, and can learn long-term
dependencies. In this way, it is thought that it can be a good
solution method for longer term estimation of electrical load
demands. Therefore, in this study, LSTM deep learning
method is used to predict the future electrical energy demand.

A. Dataset

The dataset used within the application includes 4 years of
electricity consumption, generation, pricing and weather data
for Spain between 1 January 2015 and 31 December 2018.
Consumption data is from ENTSOE, a public portal for
Transmission Service Operator data. Weather data is derived
from Open Weather API for Spain's 5 largest cities [11].
Within the scope of the study, data belonging to the city of
Madrid were used. Data and forecasts are hourly. The hourly
frequency of the data provides a more accurate forecast of
future years' load demand. As a result of the literature review
conducted for the electrical energy demand forecast, the
attributes that affect the electricity demand the most were
decided [3, 5, 9, 12, 13]. 13 variables in the dataset of the city
of Madrid were used in the electricity demand forecasting
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application. The input vector consists of 12 features given in
Table 1. The output is the hourly electrical energy
consumption. The 42-month hourly data between January 1,
2015 and June 30, 2018 is used as training data. The last 6
months of 2018 is used as test data.

TABLE 1. INPUT VECTOR VARIABLES

Variables

Day

Month

Year

Hour

Average Temperature
Minimum Temperature
Maximum Temperature

Time Information

Weather Pressure
Information Humidity
Wind Speed

Percentage of cloudiness
Weather description

B. Model Selection

Recurrent neural networks are one of the most widely used
models for predicting time series data. However, there is a
vanishing gradient problem in RNN. To solve this problem,
LSTM which is a different recurrent neural network
architecture has been proposed [14]. Unlike standard feed-
forward neural networks, LSTM has feedback connections. It
can process not only single data points, but also entire data
series. LSTM networks are well convenient for classifying,
processing and making predictions based on time series data.
LSTM networks have the same structure as RNN networks
but have additional layers that interact in a special way as
shown in Figure 1.

vy -
X} T

1

T
b . Y o,
)
C,

X

=

J 2

X,

L h,
J

by

Fig.1. The structure of LSTM

This architecture gives LSTM networks the ability to carry
or forget long-term information. This process is controlled by
gates that act as a kind of activation. LSTM consists of a
combination of input gate, output gate and forget gate. The
three gates regulate the flow of information into and out of
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the cell. The information enters through the input gate. The
forget gate forgets the information in the memory cells, and
the output gate decides whether to output the information at
that memory [14]. The decision whether to transfer the
information belongs to the activation function [15]. With
such an approach, long-term dependencies are eliminated and
the continuation of data sets is made possible.

In Figure 1, the forget gate f; determines the forgotten
information according to the input data x;, h;_, and the cell
information C,_, at the previous moment using the activation
function o. Enter door i, controls the cell status update. C; is
candidate information for new cells, which is formed after
calculated of tanh. The output gate o, generates the short
term signal h, at the next moment through the control of long
term signal C;. The update iteration formulas of LSTM are as
follow [14].

iy = o(Wihi_y + Uix, + b;) 1)
C; = tanh(Wehe_y + Ucxe + be) 2
Ct=Ct—1*ft+Ct*it (3)
or = o(Wohi_y + Upx, + by) (4)

where W and U are weight parameters vector, b is deviations.

I1. RESULTS

The model is coded in the MATLAB program. The model
has been tested for different layer numbers and different
parameter values. Experiments are carried out by changing
the hyperparameters in the proposed LSTM model.

The best test results are given in Table 2. Experimental
results are evaluated with the mean absolute percent error
(MAPE), symmetric mean absolute percent error (SMAPE),
mean absolute error (MAE), root mean square error (RMSE)
which are given in equations (5) to (8).

MAPE= ~ ?=1|9iy;iyi «100 ()

SMAPE= >3, m £100 (6)
;

MAE=  ~37L,19; - yil @

RMSE= [yn Giv’ (8)

n

A high learning rate will cause oscillation, and a small one
will cause learning to take a long time as it will progress in
small steps. Therefore, the learning rate was chosen as 0.01.
Since the most suitable weight values to solve the problem in
deep learning are calculated step by step, the performance
will be low in the first epochs, and the performance will
increase as the number of epochs increases. However, after a
certain step, the learning status of the model will decrease
considerably. Therefore, it is important to choose the ideal
number of epochs. Experiments were carried out for models
with three and two LSTM layers.



TABLE 2. EXPERIMENT RESULTS

585 | g
C & o o =
o o = o [S]
31 85 T | 8| MAPE | MAE | RMSE | SMAPE
E=| EJ & w
'_ [«F)
z5l 2 g
-
64
3 | 64 | 001 | 50 | 1023 | 2009 | 3603 | 25106
32
64
2 | % |00 |50 | 997 | 2760 | 3457 | 24095
2 23 001 | 50 | 922 | 2685 | 3334 | 22900
2 186 001 | 50 | 11,02 | 3200 | 3854 | 28000
2 fg 001 | 50 | 1019 | 2839 | 3503 | 24564
2 gg 001 | 50 | 1001 | 2021 | 3600 | 25209
2 2‘2‘ 001 | 75 | 979 | 2752 | 3389 | 23700
2 gj 001 | 75 | 1018 | 2806 | 3570 | 24219

When the error metrics were compared, the model
consisting of LSTM layers with 64 and 64 units is better than
the others.

V.

In this study, an approach is proposed to estimate electrical
load demand using the Long Short Term Memory method
which is one of the deep learning techniques. The proposed
model is applied to the four-year hourly electricity
consumption data of a city between 2015-2019. The model is
tested for different layer numbers and different parameter
values. The results of the proposed model are evaluated with
error metrics. The results showed that the proposed model can
be used successfully to predict the electrical load demand.

CONCLUSION
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Yapisal Tasarimda Yapay Sinir Aglar1 Yaklasimu Ile
Analiz Tahminleri
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Ozet — Motor takozu braketleri araglarda motor takozunun arag
ile baglantisim1 saglamak igin kullanilan yapisal parcalardir.
Mekanik yiiklere maruz kalan braketin statik yiikler altinda
kirilmadan g¢alismasima devam etmesi dnemlidir. Bunun yani sira
giinden giine sikilasan emisyon kurallar1 arag {ireticilerini daha hafif
arag iiretimine zorlamaktadir. Bu durumda parga tasarimi yapilirken
minimum agirlikta maksimum dayanimda iiriinler tasarlanmalidir.
Bu calismada braket modeli iizerinde sonlu elemanlar analizi
programi kullanarak topoloji optimizasyonu ¢aligmasi yapilmustir.
Gerilme gorillmeyen veya daha az gerilme olusan bolgeler
bosaltilarak minimum agirliga sahip olacak sekilde braket
geometrisinin elde edilmesi hedeflenmistir. En iyi geometrinin elde
edilmesi amaciyla topoloji optimizasyonu sonrasi olusturulan
modele sekil optimizasyonu uygulanmak iizere {i¢ adet tasarim
degiskeni belirlenmigtir. Tasarim degiskenlerinin alt ve {ist sinirlar1
belirlenerek Latin Hiper Kiip metodu yontemiyle olusturulan 25
farkli a, b, ¢ kombinasyonu i¢in sonlu elemanlar metoduyla lineer
statik analizler gergeklestirilmistir. Yapay sinir ag yapisinin
olusturulmasi igin girdi olarak tasarim degiskenleri ¢ikt1 olarak ise
analiz sonuglar1 belirtilmistir. Yapay sinir aglar ile ¢oziimleme
zaman ve hazirlama zamani yiiksek sonlu elemanlar analizlerinden
tasarruf edilerek %1-3 hata payr ile tahminler modeli
olusturulmustur.

Anahtar Kelimeler — Yapisal tasarim, braket tasarimi, agirlik
azaltma, yapay sinir aglari, sonlu elemanlar analizi

I. Giris

Tagitlarda motorlarm  ¢aligmas1  sirasinda  olusan
titresimlerin izolasyonunu saglamak i¢in veya miimkiin
oldugu kadar azaltmak i¢in kullanilan sdniimleyicilere motor
takozu denir. Sekil 1’de ki gorselde oOrnek verilmistir.
Motorun neden oldugu titresimlerin ara¢ govdesine
geegmesini engellemek igin gévde ile motor arasina baglanir
[1]. Braketler motor takozlarinda arag sasi ile séniimleme
yapan kaucuk kisim arasinda mekanik baglanti gorevi

goriirler.
£

Sekil 1. Motor Takozu
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Otomotiv endiistrisinde emisyon kurallar1 giin gectik¢e daha
da kat1 bir hal alarak otomotiv treticilerini daha hafif arag
iretmeye zorlamaktadir. Hafiflik ile birlikte otomotiv
pargalarinin gerekli olan mukavemet ve dayanimi ortaya
koymasi gerekmektedir. Bu durum iiriin tasarimi yapilirken
gdz Oniine alinarak, tasarim c¢alismalart esnasinda
optimizasyon yontemlerinin kullanilmasi ile birlikte en hafif
ve en dayanikli iiriinii elde etmeyi amaglamaktadir. Sekil 2 de
gosterildigi gibi yapisal optimizasyon metotlari; boyut
optimizasyonu  sekil ~ optimizasyonu  ve  topoloji
optimizasyonu olarak {i¢ grupta incelenir. Bu g¢alismada
braket modeline topoloji  optimizasyonu ve  sekil
optimizasyonu  yontemleri  uygulanmistir. ~ Topoloji
optimizasyonu, parga hafifletme calismalarinda
tasarimcilarin  faydalandigi onemli tekniklerden birisidir.
Topoloji optimizasyonunun amaci parga i¢in en iyi malzeme
kullanimin bulunmasidir [2]. Sekil optimizasyonu, parganin
sekil yoniinden degisikliklerinin optimize edilmesini saglar.
Topoloji  optimizasyonun smirlandirilmis  hali  olarak
adlandirabilir. Topolojisi belli olan yapinin optimal sinirlarini
hesaplar [3].

—_—

a- Boyut Optimizasyonu

XXXX]-[XYYxiy

b- Sekil Optimizasyonu

~ (SLNPN

c- Topoloji Optimizasyonu

Sekil 2. Yapisal Optimizasyon Yontemleri

Sonlu elemanlar analizi yontemi dijital bilgisayarin kesfiyle
baglamigtir. Bu yontem bir miihendislik probleminin
matematiksel bir ifadeye ¢evrilmesi ve ¢oziime ulagilmasidir.
[4]. Sonlu elemanlar analizinde elemanlarin farkli noktalarda
diigtim seklinde birbirine bagli oldugu varsayilir. Genel
olarak bu tip yazilimlar yer degistirme tabanli olup noktalarin
her sonlu eleman igindeki hareketi, diigiimlerin hareketlerinin
bir fonksiyonu olarak tanimlanir. Sonlu elemanlar analizinde

olusan  gerilemeler ise, modellenen  malzemenin
deformasyonlar1 ve yapisal ozelliklerinden
kaynaklanmaktadir [5].



Yapay zeka, insan zekasina 0zgii olan algilama, 6grenme,
kavramlar baglama, diisiinme, fikir yiirlitme, sorun ¢dzme,
iletisim kurma, ¢ikarim yapma ve karar verme gibi yiiksek
biligsel fonksiyonlar1 veya otonom davraniglar1 sergilemesi
beklenen zeki etmenler/programlar yaratmak {izere yapilan
tim calismalarinin toplandig1 genis bir alandir [6].

Yapay Sinir Aglar1 (YSA), yapay zekanm alt dallarindan
birisidir. Bu yontem aynen insan beyninin &grenme ve
o6grenme sonucunda muhakeme etme yetenegini taklit ederek
girdilere karsilik gerekli sayidaki ¢iktiyr en iyi dogrulukta
tahmin etmeye yarayan bir modeldir [7]. Yapay sinir aglar1 3
katmandan olusur. Bunlar girdi katmani, gizli katman ve g1kt
katmamdir. Sekil 3’te Ornek yapay sinir agr modeli
gosterilmektedir. Yapay sinir aglart 3 katmandan olusur.
Bunlar girdi katmani, gizli katman ve ¢ikt1 katmanidir. Bu
calismada uygulanan modelde bir gizli katman
bulunmaktadir. Gizli katmanda 10 néron yer almistir. Girdi
katmaninda 3 tasarim degigkenine karsilik gelen 3 ndron

kullanilmigtir.  Cikt1  katmaninda  analiz ~ sonuglari
tahminlerine karsilik gelen 4 néron yer almistir.
Girdi Katmani Gizli Katman Cikti Katmani

Sekil 3. Yapay Sinir Ag Modeli

1. 3 BOYUTLU MODELLEME, SONLU ELEMANLARLA ANALIZ

,TOPOLOJi OPTIMIZASYONU, Y APAY SIiNiR AGLARI

Motor takozu braketinin 3 boyutlu(3B) sanal modeli
CATIA V5 tasarim program kullanilarak Sekil 4’teki gibi
tasarlanmustir.

Sekil 4. 3B Braket Modeli
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3B model lineer statik analiz ve topoloji optimizasyonu
yapilmak iizere HyperMesh programinda sonlu elemanlar
analiz (SEA) modeli hazirlanmistir. Braket i¢in tanimlanan
malzemenin 6zellikleri Tablo 1’de verilmistir.

TABLO 1. Braket Malzeme Ozellikleri

Poisson Elastisite
5 3
Malzeme | Yogunluk(g/cm?) Oran1 | Modiilii(GPa)
EN AC
46000 2.8 0.33 73
Topoloji optimizasyonu igin model 2 farkli bolgeye

ayrilmistir. Bunlar topoloji optimizasyonuna dahil olacak
yesil renkli dizayn ve topoloji optimizasyonuna dahil
olmayacak kirmizi renkli bolgelerdir. Braket {i¢ adet delikten
X, Y, Z eksenlerindeki 6teleme ve donme hareketleri 0 olacak
sekilde sabitlenmistir. X pozitif ve negatif dogrultusunda
8100 N, Z pozitif ve negatif dogrultusunda 21000 N
biiyilikliigiinde yiik uygulandi.

Topoloji optimizasyonun amag fonksiyonu agirligi minimize
etmektir. Kisit fonksiyonu hacmin maksimum 0.3 oraninda
bosaltilmasidir. Topoloji optimizasyonu cevaplari hacim ve
agirhk olarak belirlenmigtir. HyperMesh programinda

hazirlanan model Sekil 5°te gosterilmistir.

f.:lF«jE =g1n"

JRCE = 21000.0

FORCE = 21000.0

Sekil 5. HyperMesh 3B Modeli

Topoloji optimizasyonu sonrasinda elde edilen 3B kaba
model Sekil 6’da verilmistir.

Sekil 6. Topoloji Optimizasyonu Sonrast Model

Elde edilen 3B model iretilebilirlik  agisindan
degerlendirilerek CATIA V5 programinda tekrardan Sekil
7’de ki gibi modellenmistir.



Sekil 7. Topoloji Optimizasyonu Sonrast 3B Model

Topoloji optimizasyonu 6ncesi ve sonrasi braket agirliklart
Tablo 2’ deki gibidir.

TABLO 2. Braket Agirliklar:

T.0. Oncesi | T.O. Sonrasi | % Fark

Agirlik(gram) 1824 1269 30

Sekil optimizasyonu yapilmak icin 3B braket modeli
iizerinden belirlenen 3 adet tasarim degiskeni Sekil 8’deki
gibidir.  Uretilebilirlik dikkate almarak a, b, ¢
parametrelerinin minimum ve maksimum degerleri Tablo
3’teki gibidir.

Sekil 8. a, b, ¢ Tasarim Degiskenlerinin Gdsterimi

TABLO 3. Tasarum Degiskenleri Minimum ve Maksimum Degerleri

Tasarim Degigkeni | Minimum(mm) | Maksimum(mm)
a 10 15
b 45 60
c 6 16
MATLAB  program  kullanilarak  Latin  hiperkiip

yontemiyle(LHY) 25 farkli a, b ve c¢ parametrelerinin
kombinasyonundan olusan sekil optimizasyonu yapilmak
iizere tasarim uzayt Tablo 4’teki gibi olusturulmustur. Bu
calismada LHY sistemi ile tasarim degigkenleri i¢in tasarim
¢ogaltilmas1 3 tasarim degiskeni i¢in yapilmistir. Analiz
stiregleri agisindan problemin yapisina, karmagikligina ve
tasarim degiskenleri sayilarina gore egitim ve testlerde
kullanilacak analiz data veri sayilar1 belirlenebilir. Burada
dikkat edilmesi gereken egitilecek agin R degerlerinin 1
degerine yakin olmasidir. Istenilen dogruluk oraninda data
veri seti sayisi uygulanan problem igin 25 data seti olarak
yeterli kabul edilebilir.

TABLO 4. Latin Hiper kiip Yontemiyle Olusturulan Tasarim Uzay

Tasarim Degiskenleri
Model Adi
a b c
Analiz 1 10.01 59.18 14.15
Analiz 2 13 58.66 10.12
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Analiz 3 14.59 57.68 6.82
Analiz 4 13.93 48.53 8.43
Analiz 5 10.76 53.9 7.16
Analiz 6 11.87 45.15 8.67
Analiz 7 12.61 51.88 10.59
Analiz 8 14.7 49.44 11.63
Analiz 9 10.59 47.7 10.96
Analiz 10 13.8 51.27 11.2
Analiz 11 12.78 56.17 7.79
Analiz 12 10.4 56.79 13.41
Analiz 13 13.47 55.08 9.02
Analiz 14 11.04 45.58 12.68
Analiz 15 12.29 46.37 13.94
Analiz 16 13.01 49.69 6.62
Analiz 17 11.29 52.71 8.1

Analiz 18 11.54 55.73 7.64
Analiz 19 13.64 50.57 12.49
Analiz 20 11.45 58.37 14.82
Analiz 21 14.32 57.34 9.38
Analiz 22 14.05 53.03 13.2
Analiz 23 11.74 50.18 6.11
Analiz 24 13.26 47.26 11.75
Analiz 25 10.23 54.68 9.83

Tablodaki degerlere gore 25 farkli 3B braket modeli CATIA
V5 programinda olusturuldu. Olusturulan 25 farkli model
i¢in sonlu elemanlar analizi gergeklestirildi. Analiz sonuglari
Tablo 5°teki gibidir.

TABLO 5. Analiz Sonuclar:

Z | +z | x| X
Model Adt | mpa) | (Mpa] | [Mpa] | [Mpa]
Analizl 204 200 160 160
Analiz2 207 213 123 125
Analiz3 206 212 103 103
Analiz4 203 206 113 116
Analiz5 200 206 120 121
Analiz6 183 188 117 117
Analiz7 207 211 133 134
Analiz8 204 211 117 117
Analiz9 203 204 135 135
Analiz10 203 207 125 127
Analiz11 185 189 114 114
Analiz12 199 203 145 148
Analiz13 200 205 117 118
Analiz14 198 209 130 132
Analiz15 200 204 142 139
Analiz16 200 203 105 106




Analiz17 201 206 120 121
Analiz18 193 197 118 120
Analiz19 203 202 131 131
Analiz20 203 208 154 152
Analiz21 197 200 117 117
Analiz22 202 207 125 125
Analiz23 208 208 106 109
Analiz24 199 209 126 124
Analiz25 202 208 142 144

Yapay sinir aglarin olusturulmasi igin 25 modelin a, b, ¢
parametreleri girdi, sonlu elemanlarla analiz sonuglarindan
elde edilen gerilme degerleri ¢iktt olarak kullanildi
MATLAB programinin “Neural Net Fitting” modiili
kullanilarak yapay sinir aglari modeli olusturuldu Sekil
9’daki gibi olusturulmustur. Egitim algoritmasi olarak
“Bayesian Regularization” kullanildi. Bu algoritmanmn
secilmesinin nedeni kiigiik data setlerinde dogru sonug
vermesidir. Girdi datalarinin %85’1 (21 adet) egitim igin
%15°1 (4 adet) test i¢in kullanild1. Egitim, test ve genel olarak
“Net Fitting” isleminin regresyon degerleri 0.99°dan
biiyiiktiir. Regresyon grafikleri Sekil 10°daki gibidir..

dden

Sekil 9. Yapay Sinir Ag1 Modeli

Training: R=0.99337 Test: R=0.99285
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Sekil 10. Regresyon Degerleri

Yapay sinir aglart modelinin dogru ¢alisip ¢aligmadigini
kontrol etmek amaciyla daha Once yapay sinir aglar
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modelinde kullanilmamis a, b, c¢ tasarim degiskenleri
belirlendi Tablo 6’daki gibi belirlenmistir.
TABLO 6. Tasarim Degiskenleri

Tasarim Degigkenleri
Model Adi
a b c

Deneme 1 12.01 49.77 6.36
Deneme 2 13.86 56.40 11.65
Deneme 3 12.40 55.52 6.06
Deneme 4 12.0 52.0 11.0
Deneme 5 11.0 55.0 8.0

Belirlenen tasarim degiskenlerine gore 3B braket modelleri
olusturuldu. Braketler SEA yontemiyle analiz edildi ve
gerilme degerleri elde edildi. SEA yontemiyle elde edilen
gerilme degerleri YSA yontemiyle elde edilen gerilme
degerleri ile karsilagtirlldi. Tablo 7°de goriildiigi iizere iki
yontem arasindaki fark %1-3 arasindadir.

TABLO 7. Analiz Sonuglart ile Yapay Sinir Ag1 Sonu¢larimin

Kiyaslanmast
Model -Z[Mpa]

Adi SEA YSA Fark
Denemel 199 194 3%
Deneme2 199 203 2%
Deneme3 195 195 0%
Deneme4 | 207 200 3%
Deneme5 | 200 197 2%

Model +Z[Mpa]

Adi SEA YSA Fark
Denemel | 201 198 1%
Deneme2 | 206 207 0%
Deneme3 | 198 200 1%
Deneme4 | 207 205 1%
Deneme5 | 195 201 3%

Model +X[Mpa]

Adi SEA YSA Fark
Denemel | 108 108 0%
Deneme2 | 128 126 2%
Deneme3 | 107 108 1%
Deneme4 | 130 132 2%
Deneme5 | 127 124 2%

Model -X[Mpa]

Adi SEA YSA Fark
Denemel | 110 109 1%
Deneme2 | 130 127 2%
Deneme3d | 106 109 3%
Deneme4 | 131 132 1%
Deneme5 | 128 125 2%




I1l. SONUCLAR

Motor takozu braketleri motordan kaynakli titresimleri
sontimlemek amactyla kullanilirlar. Otomotiv

endiistrisinde  kullanilan pargalarin  hafif ve yeterli
dayanimi sahip olmasi istenir. Topoloji ve sekil
optimizasyonunu  gibi  optimizasyon  ydntemleri

kullanilarak otomotiv pargalarinin en uygun tasarimlari
elde edilmeye calisilir. Calismada incelenen braketin
¢aligma kosullarindaki dayanimi sonlu elemanlar analizleri

ile incelenmistir. Sonlu eleman analizleri tasarimlari
inceleme  asamasmnda  yeterli olmasina  ragmen
optimizasyon gibi ¢ok fazla iterasyonun gerektigi

durumlarda hazirlama siirecinin ve ¢dziim siiresinin uzun
olabilmesi nedeniyle kullanimi uygun olmayabiliyor. Bu
stireleri azaltmak icin vekil modelleme ydntemleri
kullanilmaktadir. Bu ¢aligmada da 25 adet sonlu elemanlar
analizi lizerinden yapay sinir aglar1 kurularak vekil model
elde edilmistir. Elde edilen vekil modellerde en biiyiik hata
degeri yaklagsik olarak %3 olarak bulunmustur. Boylece
motor takozu braketinin sonlu elemanlar analizi
sonuglarinin vekil modelini elde etmek icin yapay sinir
aglarmin  yiiksek dogrulukla kullanilabilecegi ortaya
konulmustur. Bu ¢alismada, sonlu elemanlar analizleri ile
elde edilen veriler kullanilarak yapay sinir aglart modelinin
egitimi ile hesapsal ve zaman agisindan maliyetli
uygulamalar yerine belli bir hata oraninda analizlerin yapay
sinir ag1 modeli ile tahmin edilebilecegi goriilmiistiir.
Sonu¢ olarak, hata oranlar1 dikkate alinarak tasarim
caligmalar1 siirecinde sonlu elemanlar analizlerine
gereksinim duyulan uygulamalarda tahmini degerlerin
belirlenmesine yardimci bir arag¢ olarak yapay sinir aglari
kullanilabilir. Ancak, modelin egitilmesinde sonlu
elemanlar analizleri kullanildig1 i¢in tahmini deger
hesaplamalarinin  bu kapsam icinde degerlendirilmesi
gerekmektedir.
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Kampiis I¢i Kapali Alanlarda Hava Kalitesinin
Makine Ogrenmesi Algoritmalar1 ile Modellenmesi

1t Elif Cesur
Endiistri Miihendisligi
Istanbul Medeniyet Universitesi
Istanbul, TURKEY
0000-0001-5241-5628

Ozet— Bu cahsmada, insanlarm sikhkla bir arada
bulundugu yerlerden olan iiniversite kampiislerinin kapal
mekanlarinda hava Kalitesi tahmin modelleri ve bu modellere
bagh olarak gelistirilen karar destek sistemi ile olasi bir viriisiin
bulasma riskini en aza indirilmesi amaclanmistir. Zeki Kampiis
bashg altinda siniflarda, idari ofislerde ve toplanti salonlarinda
hava kalitesi 6l¢iilmiis ve gerekli goriilen zamanlarda belirlenen
kararlarin  almasim1 saglayacak bir sistemin kurulmasi
hedeflenmistir. Bu baglamda calismada oncelikle
karbondioksit, sicaklik, nem, basin¢ ve hava kalitesi (MQ135)
sensorleri insan giris ve c¢ikisinin yogun oldugu bir smnifa
yerlestirilmistir ve diizenli olarak veri alinmasi1 saglanmstir.
Calismanin ikinci asamasinda bu sensor verileri veri 6nisleme
teknikleri ile analizleri yapilmis ve makine 6grenmesi teknikleri
ile sensor verilerinin modellenmesi ve havada gerceklesen ani
degisikliklerin (odanin havalandirilmasi, insan sayisinin
artmasi gibi) model tarafindan yakalanmasimi saglanmistir. Bu
arastirmada Kkurdugumuz modeller kampiis disinda toplu
tasima araclari, isyerleri, ofis, restoran, kafe, 6zel araclarin
havalandirma sistemlerinde de kullanilabilmektedir.

Anahtar Kelimeler—Makine Ogrenmesi Algoritmalari,
Hava Kalitesi Modellenmesi, Zeki Kampiis

I. GIRIS

Giliniimiizde salgin bulagiciligini ve etkisini giderek
arttirarak devam ettirmektedir. Hasta kisilerden sagilan bu
damlaciklar egyalarmn iizerinde de bulasicilik etkisini devam
ettirebilmektedir. Yapilan arastirmalar virlisin  kapali
ortamlarda daha fazla bulagicilik etkisi gosterdigini
kanitlamaktadir. Maske ve sosyal mesafe kurallar agik
ortamlarda viriisiin bulasiciligini azaltmasina ragmen kapali
ortamlarda bulag riskini 6nemli derecede azaltamamaktadir.
Yapilan arastirmalarda viriis salgmimnin hava kalitesinin diisiik
yerlerde artigimi ve viriis partikiillerinin havalandirma ya da
filtreleme  yoluyla  etkisiz  hale  getirilebilecegini
savunmaktadir. [8]

Ogrenci ve dgretmenlerin ¢ogunlukla bir arada bulundugu
kapali kampiis ortamlarinda hava kalitesi tahmin modelleri

olusturularak. Makine 6grenme modelleri ile modelin
performans: Kkarsilastirllacaktir. Caligmanin  bir  sonraki
asamasinda ise gelistirilen karar destek sistemi ile

kampiislerde kapali ortamlarda hava kalitesi saglikli diizeyde
tutulmas1 hedeflenmektedir.

Kapal1 alanlarda hava kalitesinin belirlenmesi ve makine
O0grenme algoritmalar1 ile modellenmesi ana baghgr ile
literatiir tarandiginda bulunan 6nemli ¢aligmalar bu alanda
detayli bir sekilde anlatilmistir. Dokuz ve arkadaslart
yaptiklar1 ¢aligmada, hava kirletici parametrelerin cevreye
olan etkileri, 6zellikleri, bu parametrelerin tahmin edilmesi ve
degerlendirilmesinde  uygulanan  makine  6grenmesi
yontemlerinin neler oldugunu elde edilen dogruluk diizeyleri
acisindan incelenerek kullanilan yontemlere iliskin detayli

LiTERATUR TARAMASI

2" Muhammet Rasit Cesur
Endiistri Mithendisligi
Istanbul Medeniyet Universitesi
Istanbul, TURKEY
0000-0001-9941-0517

105

3rd Cemal Efe
Endiistri Miihendisligi
Istanbul Medeniyet Universitesi
Istanbul, TURKEY
0000-0002-7446-1315

bilgi verilmistir. Arastirma sonucunda uygulanacak yontemin
veri hacmine gore belirlenmesi gerektigi saptanmustir. [3]

Giiltepe ise 2019 yilinda yaptign “Makine Ogrenmesi
Algoritmalar1  ile Hava Kirliligi Tahmini Uzerine
Karsilagtirmali Bir Degerlendirme” ¢aligmasinda Kastamonu
ili ele alinarak, ¢esitli makine 6grenmesi algoritmalart ile nem,
PM10, riizgar yonti, SO2, hava basinci, riizgar hiz1 ve hava
sicaklig1 gibi meteorolojik parametreleri kullanarak hava
kirliligi tahmini yapacak modeller tasarlanmustir. [4] Irmak ve
arkadaglar1  yaptiklari  ¢aligmada Adana ili  wvalilik
istasyonunda, Faizi ise 2021 yilinda yapmis oldugu ¢alismada
Kabil sehri i¢in farkli hava parametreleri kullanarak benzer
calismalar yapmistir. 1236 bdolge i¢in Zhang ve arkadaglari
yaptigi arastirmada COVID-19’un bulagmasinda hava
kosullarmin etkisi saptanmaya calisilmistir. [8] Arastirmada
sicaklik, giines 15181 saatleri ve nem dahil olmak iizere farkli
hava faktorlerinin etkisi degerlendirilerek derin transfer
O6grenme tabanli kapsamli bir analiz gergeklestirilmektedir.

(2]

Karakus ve Yildiz’in birlikte yaptiklar1 ¢alismada Sivas
kent merkezindeki hava kirliligi degerlendirilmis ve hava
kalite indeksi (HKI) hesaplanmstir. Analiz sonucunda; HKI
ile riizgdr hizi, nem ve sicaklik arasinda anlaml bir iliski
oldugu belirlenmistir. [6]

Zhang ve arkadaglari 2019 yilinda birlikte yaptiklari
calismada tahmin ve degerlendirmeden olusan yeni bir hava
kalitesi erken uyari sistemi geligtirilmistir. [8] Balta’nin 2019
yilinda yapmis oldugu c¢alismada smuf gibi kapal
ortamlardaki  biitin  konfor parametrelerinin  birlikte
degerlendirilerek hava kalitesini izleme sistemi ile kapali bir
mekandaki insanlar igin en temiz hava kalitesinin saglanmasi
hedeflenmistir. [1]

Santos ve arkadaglar birlikte yaptiklar1 ¢alismada yogun
bakim {initesinde ve tiim hastane ortaminda korona viriis
hastaligini (Covid-19) azaltmak igin enfeksiyon riskini en aza
indiren 1sitma, havalandirma ve iklimlendirmenin rolini
vurgulamaktadir. Sonug olarak, nemin insan konforu tizerinde
saglik sorununda daha az etkisi oldugu saptanmistir. Diigiik
sicaklik cansiz ylizeylerde canli virlislerin  kaliciligimni
arttirirken yiiksek sicakliklar korona viriislerin kaliciligimi
azaltmaktadir. [7].

1. UYGULAMA

A. Veri On isleme Analizleri

Kampiis i¢ci kapali alanlarda hava kalitesinin
modellenmesi ve karar destek sisteminin gelistirilmesi igin
Istanbul Medeniyet Universitesi miihendislik smiflarinda yer
alan hava kalitesi Ol¢iim cihaz1 ile Kasim ayinda sicaklik,
nem, CO2, Basing (p) ve havadaki kirletici partikiil
degerlerinin (AQ) Slglimleri yapilmistir. Bu 6l¢iimler belli
saniye aralilar1 ile Olgililerek kaydedilmistir. Mithendislik



siiflarinda bulunan hava kalitesi 6l¢iim cihazindan Kasim
aymnda belirli gilinlerde elde edilen verilerin bir boliimii
asagidaki tablolarda verilmistir.

TABLO 1: HAVA KALITESi OLCUM DEGERLERI

sicaklik nem co2 aq p siire(sn)

26 35,1 424 44 1183,7524 © 0
26 35,1 421 41 1184,025 1,925
26 35,2 421 45 1183,4625 3,832
26 35,2 421 50 1183,6475 5,763
26 35,1 421 48 1183,1725 7.67
26 35,1 424 43 1183,7125 96
26 353 421 46 1183,3824 11,508
26 353 421 51 1183,64 13,437
26 35,2 421 45 1183,1125 15,343
26 35,2 421 51 1183,6525 17,273
26 35,2 416 45 1183,26 19,177
26 35,2 424 44 1183,5225 21,108
26 35,2 411 46 1183,48 58,319
26 35,2 411 51 1183,5 60,248
26 353 411 45 1183,075 62,153
26 353 411 45 1183,5675 64,083
26 35,2 421 46 1183,145 65,989
26 35,2 411 45 1183,8075 70,67
26 35,2 421 45 1183,33 72,577

Parametre degerlerinin birbiri ile olan iliskilerini gosteren
grafikler ve korelasyon degerleri asagidaki grafiklerde
verilmistir.
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Sekil 2. Parametre Korelasyon Matrisi

Kasim ayinda &lgiilen sicaklik, CO2, basing, AQ ve nem

grafiklerinin frekans grafikleri asagida verilmistir.
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Sekil 3. Parametre Frekans Grafikleri

Kasim verileri icerisindeki parametrelerinden birbirleri ile
iligkisi diger parametrelere gore daha yiiksek olan CO2 ve

AQ degerlerinin  Olgiim degerleri asagidaki grafikte
gosterilmistir.
COo2 & AQ
5 I -_-i"'“.':' ., Tarih
'2“ -‘é:_—“ . 2021-10-04
o [ gr—— * 2021-10-05
284
4I;O Géﬂ 3(;0 10‘00 12IDD
CO2 Degerleri
Sekil 4. CO2 ve AQ Parametrelerinin Tarihlere G6ére Dagilimi
B. K Means Algoritmasi ile Kiimeleme Analizi
K-Means  Algoritmast ile kiimeleme c¢alismasi

yapilmistir. Oncelikle veri 6n isleme ¢alismasi ile verideki
aykir1  degerler c¢ikarilmigtir. Verimizde eksik deger
olmadigindan dolayr veri doldurma islemi yapilmamuistir.
Verilerimiz (“center”,”’scale”) metodu ile olg¢eklendirilir.
Veriler  dlgeklendirilerek  degerlerin  birbirleri ile
yakinlagsmasi saglanir. Boylelikle veriden daha dogru ve

diizgiin sonuglar elde edilebilecektir.

Kasim verileri kullanilarak ilk olarak K-Means
algoritmast yontemi ile verideki degerler i¢in kiimeleme
caligmasi1 yapilir. Optimum kiime sayist “silhuette”, “elbow”
yontemler kullanilarak elde edilmeye caligilir. Veriler ilk
olarak rastgele kiime say1s1 4 olacak sekilde kiimelenmistir. 4
kiime i¢in elde edilen sonuglar ve hata degeri asagidaki gibi
olmaktadir.
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Sekil 5. Verilerinin K-Means Yontemi ile Kiimelenmesi

Olusturulan 4 kiime i¢in parametrelere ait kutu grafikleri
asagida verilmistir.
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Sekil 6. Olusturulan 4 Kiime Igin Parametre Degerlerine Gore Kutu
Grafikleri

Hata miktarini minimum yapacak optimum kiime
sayisinin bulunabilmesi i¢in sirasiyla “wss”, “total within
sum of squares”, “en azlayan”, “max score” ve “silhouette”
yontemleri kullanilarak ¢izilen grafikler asagida verilmistir.
Cizilen 4 grafik i¢in sirasiyla optimum kiime sayist 3 ile 5
araliginda, 3 ile 4 arasinda, 3 ve 3 olarak belirlenmistir.
Buradan optimum kiime sayimiz 3 olarak belirlenmistir.
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Sekil 7. Optimum Kiime Sayisi

Kasim verileri kiime sayis1 3 olacak sekilde K-Means
algoritmasi ile kiimelendiginde elde edilen sonug ve grafikler

asagidaki gibi olmaktadir. 1868 veri 1. kiimede, 1071 veri 2.
kiimede, 1343 veri 3. kiimede olacak sekilde ayrilmustir.

Olusturulan kiimelerin parametre ortalamalar1 ve hata

degerleri asagida verilmistir.
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Sekil 8. Kasim Verilerinin K-Means Yontemi ile Optimum Kiime Sayisi (3)
ile Kiimelenmesi

C. Yapay Sinir Aglari ile Hava Kalitesinin Tahmini

Kasim verisindeki sicaklik, nem, CO2, AQ ve basing
degerleri merkeze gore normalize edilir. Sonrasinda
normalize edilen data K-Means yontemi ile 3 kiimeye
ayrilmisti. Elde edilen kiimeler verinin sag tarafina cluster
adinda siitun agilarak eklenir. Kasim verisinin %65’lik
boliimii egitim verisi olarak, geri kalan %35°lik boliimii test
verisi olarak ayrilmistir. Cluster siitunu 3 levelden olusan
(“17,727,°3”) faktor tiirline donistiiriiliir. Elde edilen
kiimeleme sonucunda kiimelerin ortalama CO2 oranlarina
bakildiginda 2. Kiimenin kirli, 3. Kiimenin temiz, 1. Kiimenin
normal hava kalitesi standartlarinda oldugu kabul edilmistir.
Yapay sinir ag1 algoritmasinda katman degerleri
degistirilerek en iyi model elde edilmeye calisilmistir. Bu
baglamada 3 mimari gelistirilmis ve sekil 9-11 de
gosterilmistir. Olusturulan yapay sinir ag1 modellerinden en
az hata ile tahmin eden model olan (3,2) katmanl yapay sinir
ag1 modeli segilmistir.

sicakik

Error: 17.95615 Steps: 5646

Sekil 9. 4 Diigiimli Yapay Sinir Ag1 Modeli



Error: 7.082447 Steps: 5543

Sekil 10. 2 Katmanli Yapay Sinir Ag1 Modeli
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Sekil 11. (3,2) Katmanli Yapay Sinir Ag1 Modeli

Kasim verisinin %65°lik bolimii egitim datasi olarak
verilerek kalan %35°lik boliim test datasi yapay sinir aglari
ile tahmin edilmeye calisilmistir. Elde edilen modele gore
605 adet veri 1. kiime, 655 adet veri 2. kiime, 460 adet veri 3.
kiime olarak tahmin edilmistir.

D. Destek Vektor Makineleri ile Hava Kalitesinin Tahmini
Bulunan kiimeleme sonuglar1 K-Means algoritmasi
kullanilarak lineer ve radyal modeller ile Destek Vektor
Makineleri modelleri olusturulmustur. 150 adet lineer destek
vektorii  olusturulur. 215 adet radyal destek vektori
olusturulur. Olusturulan lineer modelin ve radyal modelin
dogruluk degerleri ve konfiizyon matrisi agagida verilmistir;

SVM classification plot

co2

Sekil 12. CO2 ve AQ Parametrelerinin Lineer SVM Modeliyle
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SVM classification plot
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Sekil 13. CO2 ve AQ Parametrelerinin Radyal SVM

E. Bayes Algoritmasi ile Hava Kalitesinin Tahmini

Bayes yontemi ile kiime tahmin modeli olusturulmustur..
Elde edilen modele gore 655 adet veri 1. kiime, 625 adet veri
2. kiime, 440 adet veri 3. kiime olarak tahmin edilmistir.
Kasim verileri igin olusturulan 3 kiimenin parametre

degerlerine gore Bayes Density degerleri asagida verilmistir.
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Sekil 14. Parametre Degerlerine Gore Bayes Density

F. Karar Agaglari ile Hava Kalitesinin Tahmini

Karar agaci algoritmasi kullanilarak egitim setindeki K-
Means ile elde edilen kiimeler kullanilarak Kasim verisinin
test olarak ayrilan kismmin kiimeleri tahmin edilmeye
calistlir. 619 veri 1. Kiime, 654 veri 2. Kiime, 447 veri 3.
Kiime olarak belirlenmistir. Olusturulan karar agaci
asagidaki semada gosterilmistir.
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Sekil 15. Karar Agact Modeli




G. KNN ile Hava Kalitesinin Tahmini

K En Yakm Komsu algoritmasinda, 3192 adet veriden
olusan Kasim verileri egitim datasi ve 1720 adet veriden
olusan Kasim verileri test datas1 olmak iizere Oklid yontemi
ile k say1s1 10 olacak sekilde kiime tahmin iglemleri yapilir.
Test verileri i¢in tahmin edilen kiimeler KNN adinda yeni bir
siituna eklenir. Tahmin sonucunda 578 veri 1.Kiime, 681 veri
2. Kiime ve 461 veri 3.Kiime olarak belirlenmistir. Tahmin

sonuglarnin  K-Means yontemi ile sonuglarinin fark:
asagidaki matriste verilmistir:
prc_test_pred
testSet$cluster 1 2 3 Row Total
1 577 =] -] 577
1.000 0.000 .60 @.335
9.998 0.000 0.06e0
9.335 9.008 B.6ee
2 1 681 2] 682
9.001 | 09.999 0.0 9.397
9.082 1.000 0.6e8
9.001 9.396 0.0ee
3 ] 2] 461 461
9.000 0.000 1.000 9.268
9.0080 0.000 1.860
9.000 0.000 0.268
Column Total 578 681 461 1726
9.336 09.396 0.268
Sekil 16. K-NN Karsilastirma Matrisi
6 farkli algoritmanin kiime tahmini performans

degerlendirme odlgiitleri MAE, MSE, MAPE, R2 ve dogruluk
degerleri olarak asagida verilmistir.

TABLO 2: PERFORMANS KARSILASTIRILMASI

YSA SVM Linear SVM Radyal
MAE 0.0070 0.0070 0.0087
MSE 0.0093 0.0093 0.0110
MAPE 0.0053 0.0049 0.0063
R2 Score 0.9848 0.9848 0.9819
Accuracy 0.9942 0.9941 0.9924
Bayes Karar Agaci K NN
MAE 0.0419 0.0401 0.0006
MSE 0.0640 0.0634 0.0006
MAPE 0.0170 0.0198 0.0003
R2 Score 0.8956 0.8960 0.9990
Accuracy 0.9692 0.9710 0.9994
TABLO 3: KARSILASTIRMA MATRISLERI
YSA SVM Linear SVM Radyal
Confusion
Matrix y_pred y_pred y_pred
y_true 1 2 3| y_true 1 2 3| y_true 1 2 3
1 605 3 2 1 606 2 2 1604 4 2
2 0650 3 2 3650 o 2 3650 o
3 @ 2455 3 0 3454 3 @ 4453
Bayes Karar Agaci K NN
Confusion
Matrix y_pred y_pred y_pred
y_true 1 2 3| y true 1 2 3| ytrue 1 2 3
1 610 ] ] 1597 13 ) 1 577 0 0
2 26 622 5 2 2 639 12 2 1 681 ]
3 19 3 435 3 20 2435 3 0 0461
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IV. SONUC

Bu c¢alisma kapsaminda kampiisteki bir siniftan alinan
veriler kullanilarak siniftaki hava kalitesi Karar Agaci, Destek
Vektoér Makinalari, Bayes, K En Yakin Komsu ve Yapay Sinir
Aglar1 metotlar ile tahmin edilmeye g¢aligilmistir. Makine
O0grenmesi metotlar1 ile olusturulan karar destek sistemleri
kabul edilebilir dogrulukta tahmin sonuglari iiretmistir.
Havalandirma zamanlarmi en iyi tahmin eden makine
Ogrenmesi yontemi 0,9994 dogruluk ile KNN modeli
olmustur. En kotii tahmin yontemi ise 0,9692 dogruluk
orantyla Bayes yontemi olmustur. Karar agaci yontemi de
havalandirma durumlarini tespit etmekte zorlanmistir

Yaptigimiz bu ¢alisma ile makine 6grenmesi teknikleriyle
sensor verilerinin modellenmesi amaglanmistir. Kiimeleme
yontemleri ile optimum 3 kiime olusturulmus ve kirli normal
ve temiz hava olarak isimlendirilmistir. Sonrasinda makine
O0grenmesi algoritmalar1 ile hava kalitesi tahmin edilmeye
calistlmigtir. Bu arastirmada kurdugumuz modeller kampiis
disinda toplu tasima araclari, igyerleri, ofis, restoran, kafe,

ozel araglarin havalandirma sistemlerinde de
kullanilabilecektir.
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Abstract— With the rise of central biological control and
regulation, information technologies and programs, which are
products of artificial intelligence, are used on human, who is
today's ideological-political subject; In addition, similar
products are used in the self-regulation of narcissistic
personalities who are conditioned to 'self-actualization™
through processes such as diet, sports, etc. in terms of health.
There is technique in the historical origin of this control
network, and at the stage we have reached today, artificial
intelligence programs have taken over. Fears of epidemics have
been the legitimate ground of biopolitical control since the first
appearance of registration and registration processes in the
UK case in health care. The Covid 19 experience has made this
linear line once again clearly visible. On the one hand, large-
budget health artificial intelligence studies have been
accelerated, on the other hand, digitalization processes have
entered the daily life of all people. This study is a qualitative
study based on literature review, aiming to evaluate the future
of artificial intelligence and digital developments in the field of
health, the level of adaptation of the masses to technological
innovations and to produce a future perspective.

Covid 19- artificial

Keywords: health-

biopolitics.

intelligence-

I.  INTRODUCTION

Acrtificial intelligence studies in the field of health are
long-term and multidimensional. On the one hand, these
studies, which are essential for saving human life and
providing a better quality living environment, on the other
hand, produce artificial intelligence products that rival it by
making human data an artificial intelligence material, or
form the basis for the execution of auditing systematics
through the control of data. Therefore, although it is clear
that the use of artificial intelligence in health cannot be
avoided, how to establish an ethical framework for human
existence remains a deep question.

Il. BETWEEN ANATOMY-POLICY AND BIO-

POLICY

Foucault says that since the seventeenth century, power
over life has developed in two forms: the anatomy-politics
of the human body and the bio-politics of the population.
The anatomy-policy of the human body has centered the
body and aims to reveal and increase its abilities by training
the body, and to improve its usefulness in parallel with its
obedience. On the other hand, population bio-policy
regulates population based on life expectancy and health
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levels [1]. Both policy areas target bodies and focus on the
problem of public health.

Although many cases can be shown, which exemplifies
the public dimension of health measures, an application that
is subject to legal regulation is quite remarkable.
Accordingly, with a law enacted in 1722 in England, the
help of patients at home was prohibited and the obligation to
bring the poor patient to the hospital was imposed. With the
amendment of the law in 1796 and the decision of the type
of aid to be given to the poor patients staying in their homes
by the overseers in each village, the supervision-oriented
execution of health policies reached a new stage. [2].

In the process of basic regulation of medical practice, the
Marly decrees of 1707 were important and thus regulated
the formation of medical practice and physicians for the
entire 18th century. Various interventions have been made
in order to eliminate non-professional persons, from the
restriction of the right to practice to the more precise
regulation of university chairs. As a result, the practice of
looking after the patients at the doctor's home has passed to
the observation stage in the clinic [3].

The panoptic system, Jeremy Bentham's general
surveillance system, to which Foucault focused his
attention, became an illustrative example when evaluating
today's surveillance society. This system, which is
especially focused on recording and surveillance, is
considered to be completely natural when it comes to health.
This panoptic system is possible thanks to highly technical
means [4]. These "micro-techniques™ for monitoring and
control have created a standardized set of "global"
techniques and practices that have spread to all sectors of
society (education, industrial production), especially
medicine [5].

Although regular recording and monitoring of some
groups, such as the disabled, sick and elderly, and ensuring
that they are equipped with alarm systems, are of great
importance in emergency situations, the concern that
individuals will turn into "transparent” employees and
consumers whose personal characteristics are scanned is
also a concrete problem for the society as a whole [6].

On the other hand, the ethical framework of the
surveillance system, which aims to protect the "good
society" from bad cells, is an extremely sensitive area. The
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performance and record environment, which became one of
the priorities of the industrial society over time, made sports
important by creating an ideal human target for the citizens
of the city [7]. This concern is also manifested in Lefebvre's
views that the process of cyberneticization "lacks a clear
goal or direction other than domination” and that there is no
clear answer to how cybernetic information monitoring and
monitoring techniques can contribute to a "good society".

The point reached in today's artificial intelligence studies
seems to mainly feed the negative perspective. The
technique, which has entered from observation to production
processes today, has gone too far in creating its own
artificial existence. Artificial processes such as biological
interventions on the embryo, test-tube babies, and alteration
of chromosomes [8] also guide the modeling of artificial
intelligence.

On the other hand, the human being, who is controlled
from the outside by the technical tools that enable the rise of
biological control and regulation in ideological-political
arrangements, acts as biopolitical objects and lives under a
"self-actualization™ oriented sports and nutrition self-control
[9]. Self-investment for a healthy life is a fundamental
motto of the age, thus ensuring the internal continuity of
control.

Allocating resources to invest in people in the age of
industrialization was not economically meaningful and did
not contribute to the efficiency of the mass production
process [10]. Today, it is clear that the most effective way to
increase the creative abilities of society is to protect one's
own physical and mental health and to engage in activities
that improve it. This enables health services to gain a whole
new importance [11].

I1l.  ARTIFICIAL INTELLIGENCE APPLICATIONS

IN THE COVID 19 ERA

There is a long history of artificial intelligence programs
and applications in health and a usage network that
gradually spreads to all areas of health. Therefore, this
relationship is an area that is developing by deepening. So
much so that our language is now a computer language and
it is expected that artificial intelligence products can speak
this language better than us [12].

Although the use of animal offal as fodder, as in the case
of mad cow, related to epidemics; Although there are natural
dangers such as the easy transmission of various viruses by
migratory birds [13], the suspicion of virus production with
the use of artificial intelligence is also alive. Experiments
carried out in tens of thousands of advanced laboratories
around the world show that a malicious virus can be easily
synthesized, deliberately or accidentally. The rate of spread
of Covid 19 is still very fresh in the memories as the closest
and frightening reality. Moreover, this technology is
perhaps more dangerous than nuclear technology. Because
while the control of nuclear technology, which requires
expensive and large infrastructures, is relatively possible;
control of thousands of small laboratories may not be
possible [14].
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As a matter of fact, the Covid 19 period was a period in
which the claim of manufactured viruses was strongly
asserted, and a future concern shaped by genetically
modified organisms and constant fears of epidemics fed the
opposition to technology. Similarly, the association of the
virus with 5G technology has also added to the doubts about
health-related artificial intelligence studies. Despite all these
negative approaches, the use of artificial intelligence data in
collecting all data on health, detecting and comparing
diagnostic and observation data is an approved dimension
[15].

In this period, millions of people were watched directly
with the tracking programs downloaded to the phones;
robots that measure temperature and disinfect the
environment are used in metro stations; In a period when
drones, which monitor the environment, spray and carry
drugs during the curfew, became widespread, artificial
intelligence products were introduced to the smallest local
units [16].

IV. THEPLACE OF ARTIFICIAL INTELLIGENCE IN
HEALTHCARE IN THE FUTURE

It is not a prophecy to expect that artificial intelligence
programs and applications in healthcare will increase in the
future. The computer algorithm in a recent experiment beat
doctors in diagnosing cancer cases; It is definite proof that
robot doctors will be used much more effectively in the
future. Thus, the scenario that there will be countless
doctors available 24 hours a day, 7 days a week, in every
corner of the world, is quite realistic, with the data of
doctoral training, which requires an extremely laborious and
long training process, to be uploaded to these machines.

The same example is seen in the operation of a
pharmacy opened in San Francisco in 2011 with a single
robot, and the robot's ability to reach all the prescriptions of
the customers who come to the pharmacy, a detailed list of
the drugs taken with these prescriptions and suspected
allergies in seconds, and fulfill more than 2 million
prescriptions without making a single mistake. Again,
considering that live pharmacists make mistakes in an
average of 1.7% of the prescriptions they receive, and this
number corresponds to more than 50 million incorrect
prescriptions every year in the USA, the benefit of this step
will be accepted [17, 18].

Analysis of DNA sequencing and the presence of
wearable biometric devices will also reinforce the process
[19].

On the other hand, it is necessary to realize that the
artificial intelligence revolution does not only consist of
computers becoming faster and smarter, and that this
revolution is also fed by advances in science and social
sciences [20]. In other words, the deepening of human
knowledge and abilities is in reciprocity with the
strengthening of artificial intelligence.

In the future, it will be possible for people to perform
health checks directly with some smart applications, and the
claims that democratic participation channels will increase



with these applications and that they will approach more and
more direct democracy with the support of technology use
also draw attention to the possibilities of politically
benefiting from artificial intelligence studies [21].

Finally, he also transferred his wealth acquired through
bitcoin technology, which is suspected to be an artificial
hyper-intelligence product, in which his body was frozen in
a facility in Arizona until one day a solution is found for the
ALS disease (Amyotrophic Lateral Sclerosis, a disease that
slowly destroys the body) that caused his death in 2014. It is
possible to commemorate Hal Finney, who wanted it to be
used to cover the costs of its storage [22]. This and many
similar situations show that there is a large area that relies
on artificial intelligence studies in health.

V. CONCLUSION

Artificial intelligence studies in health continue in many
ways. While research on many diseases continues, the
evaluation of the monitored data sets by artificial
intelligence programs; using these tools in the development
of diagnostic and therapeutic recommendations; Artificial
intelligence products and programs are effective in many
applications such as health checks in crowded centers.

Various negative developments may occur, especially if
they are used as a tool for future biopolitics, and the
existence of functional programs that nourish the human
mind and solve its health problems is also of vital
importance. In this process, finding the ethical framework
and staying within this framework with a global harmony
may also be the main determinant of the duty and future of
human beings.
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Ozet— Elektrik Dagitim Sebekelerinde arizalarin hizli bir sekilde
tespit edilmesi ¢ok onemli ve aynit zamanda ¢ok zordur. Zorlu hava
sartlart da eklendigi zaman ariza tespiti biiyiik bir problemdir.
Ariza tespiti genellikle saha ekipleri tarafindan manuel olarak
yapimaydi. Bu da hem zaman hem maddi acidan bir kayiptir.
Bunun yerine gelisen teknoloji ile yapay zekanin ariza tespitinde
kullanimi onem kazanmugtir. Bu c¢alismada Elektrik Dagitim
Sebekelerinde Yapay Zekanin Ariza Tespitinde Kullanimi iizerine
yapuan calismalar derlenmis, kullanmilan teknikler ve hangi
tekniklerin hangi ariza tiirlerini bulmada kolaylik sagladiklar
incelenmistir.

Anahtar “Kelimeler — Yapay Zeka, Elektrik Dagitim Sebekesi,
Makine Ogrenimi, Ariza Tespiti
I. GIRIS

Tiirkiye’de elektrik, iiretim tesislerinde 380kV ile 154,5kV
degerinde {iretildikten sonra indirici trafolar ile birlikte
34,5kV degerine diisiiriildiikten sonra Elektrik Dagitim
Sirketleri tarafindan tedarigi saglanmaktadir. Ulkemizde
elektrik dagitim hattt uzunlugu 2020 yilinda 1 milyon 190 bin
605 kilometreye ulasmigtir [1]. Elektrik tedariginin
tiiketicilere ve sanayi kuruluglarina kesintisiz saglanmasi son
derece 6nemlidir. Herhangi bir arizanin sonucunda iiretimin
durmasina bagli olarak sanayi kuruluglarinda ciddi kayiplar
meydana gelebilmektedir.

Bu noktada ariza tespiti son derece Onem kazanmistir.
Elektrik hatlarinin uzunlugu arttik¢a bakim onarim ve ariza
tespit caligmalari da zorlagmaktadir. Ariza Sngoriilemez
oldugundan, dagitim sistemlerinde arizanin etkisini en aza
indirmek i¢in hizli bir ariza yeri tespiti ve onarimi gerekir.
Daha eski donemlerde operatorler hat agmasi ya da ariza
bilgileri i¢in tiiketicilerden gelen ariza bildirimlerinden yola
¢ikarak  hareket ederlerdi. Gelisen  haberlesme
teknolojileriyle birlikte kurulan SCADA benzeri sistemler
sayesinde elektrik sebekesinden anlik veriler okunarak ariza
bilgileri elde edilebilmektedir. Ancak bu ariza tespit
cihazlarindan gelen veriler ariza tespitine fayda saglasa da
hala tam olarak arizanin yerini tespit etmek zordur. Bu
nedenle elektrik dagitim sistemlerinde arizalarin tespiti i¢in
geemisten giiniimiize bir¢cok yontem gelistirilmistir. Bu
yontemlerden biri de yapay zeka tekniklerinin elektrik
sebekelerinde ariza tespiti i¢in kullanimidir. Gelisen
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teknolojilerle birlikte yapay zeka elektrik sektoriinde de
kullanilmaya baglanmustir.

Bu ¢aligmada Elektrik Dagitim Sebekelerinde yapay zeka ile
ariza tespiti iizerine yapilan c¢alismalar derlenmis, hangi
yapay zeka tekniklerinin hangi arizalarin tespitinde
kullanildig: iizerine yapilan ¢aligmalar incelenmis ve farkli
bolgelerdeki kullanimu ile ilgili veriler toplanmistir.

1. GUC SISTEMI ARIZALARI

Elektrik arizalarmin sebeplerini bilmek, olast yikici
tahribatlardan korunmak igin olduk¢a 6nemlidir. Dagitim
sistemlerinde arizalara sebep olan 3 ana faktor mevcuttur. [2]
Bunlar;

+ I¢ Faktorler: Ekipmanin yasi, ekipmanlardaki iiretimsel
hatalar, iletkenlerin boyutu gibi.

* Dig Faktorler: Agaclar, hayvanlar, hava muhalefetleri, buz
gibi.

+ Insan Faktorii: Arag carpmalari, saha personeli kaynakli
kazalar, vandalizm gibi.

Havai hatlar, atmosfere dogrudan maruz kaldiklar1 igin
dagitim sistemlerinde meydana gelen hasarlarin biiyik bir
¢ogunlugunu dis faktorler olusturur. Elektrik sebekelerindeki
en Onemli arizalardan birisi yeralti iletkenlerde olusan
elektrokimyasal agaclanmadir. Agaglanma, dielektrik
dayanimini diistiren bir elektrik alan varliginda, nemin kablo
yalitkanina niifuz etmesiyle olusur. Tim yeralti iletken
arizalar1 izolasyondan kaynaklanmaz. Hatali iscilik ve nem
nedeniyle arizalarin biiyiik bir kismi1 ek yerlerinde ve baglanti
uclarinda meydana gelmektedir. Calisma sirasinda yapilan
kazilar da yeralt1 iletkenlerinde arizalara sebep olmaktadir.

YAPAY ZEKA TEKNIKLERININ ARIZA
TESPITINDE KULLANIMI

Yapay zeka, insan beyninin fonksiyonlarini inceleyerek
yapay sistemlere uygulanabilir hale getirmeyi amaglayan bir
aragtirma alamidir. Yani bir bilgisayara insan gibi diisiinme
yetisi kazandirilmasidir. Yapay zeka terimi 1956 yilinda ilk
kez ABD’de ortaya ¢ikmigtir [3]. Ancak ilk zamanlarda yapay
zeka uygulamalari i¢in gereken yiiksek bilgisayar giicli o
donemde karsilanamadigindan  arastirmacilar tarafindan
onemli sonuglar elde edilememistir [4]. Daha sonra gelisen
teknolojilerle birlikte bilgisayar teknolojilerinin de daha
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ulasilabilir ve daha ucuz maliyetli olmasi sebebiyle bu alanda
caligma yapmak daha miimkiin hale gelmistir. Yapay zeka
kendi igerisinde alt siniflara ayrilmaktadir.

Bunlardan birisi 1980°li yillarda ortaya ¢ikan Makine
Ogrenmesidir. Yakin gegmiste ise Derin Ogrenme kavrami
hayatimiza girmistir.

Makine Ogrenmesi, veri iceren bir modelleme teknigidir.
Insan miidahalesi olmadan, girilen verilerle birlikte kendi
kendine Ogrenebilen ve deneyimler ile gelistirebilen
programlardir. Makine Ogrenme modelleri denetimsiz ve
denetimli olmak iizere ikiye ayrilmaktadir. [3]

A. Denetimsiz Ogrenme

Denetimsiz 6grenme, yalnizca girdi verileri olan ve hedef
smif etiketleri olmayan problemler i¢in uygulanir [5]. Boyle
bir veriye dayali 6grenme teknigi, verilerin birbirleriyle olan
iligkilerini analiz eder ve sonuca gore verileri gruplandirir. Bu
gruplandirma sonucu olusturulan kiimeler iki tipte olabilir.
Bunlar; sert kiimeleme ve yumusak kiimeleme.

1)

Sert kiimeleme, her bir veri noktasinin sadece bir kiimeye
ait oldugu, yani farkli kiimeler arasinda herhangi bir
baglantiin olmadigi kiimelemeyi ifade eder [6]. Mevcut kat
kiimeleme tekniklerinden bazilari K-ortalamalar ve K-
medoidlerdir.

Sert Kiimeleme

a. K-Ortalamalar

K-Ortalamalar’in atama mekanizmasi her verinin sadece bir
kiime igerisinde bulunabilmesine izin verir [7]. Bu nedenle,
kat1 bir kiimeleme algoritmasidir. N adet nesneden olusan bir
veri kiimesini, giris parametresi olarak verilen K adet
kiimeye boliimlemektedir. Amag, gerceklestirilen boliimleme
islemi sonunda elde edilen kiimelerin, kiime igi
benzerliklerinin maksimum ve kiimeler arast benzerliklerinin
ise minimum olmasini saglamaktir [8].

Yhun Z. ve arkadaslar1 algak gerilim bolgelerindeki
hatlarda olusan kayiplar icin gelistirilmis K-Ortalamalar'a
dayali bir tahmin modeli Onermistir. Algak gerilim
bolgelerinde yapilan gergek verilerin analizi, gelistirilmis K-
Ortalamalar’in yiiksek tahmin dogrulugu 6zelligine sahip
oldugunu ve basit, hizli ve etkili oldugunu gostermektedir. [9].

b. K-Medoidler

K-medoidlerde amag verilerin ¢esitli yapisal 6zelliklerini
gosteren k adet temsilci nesneyi bulmaktir. Bir grup nesneyi k
adet kiimeye bolerek benzer nesneler aynmi kiimelerde
birlestirilir.

Gangwar A.K ve arkadaslar1 yaptiklar1 calismada, hibrit
dagitim sebekesinin korunmasi i¢in K-medoid kiimeleme ve
k-en yakin komsuya dayali yeni bir koruma algoritmasi
sunmaktadir. Onerilen yontem trafo merkezlerinde dlciilen 3
fazla akim sinyallerinin dalgacik doniigiimil ile Oznitelik
¢ikartilmast ve Ozniteliklerden hata konumunu ve hata
siifiin1  liretebilecek En  Yakin  Komsu Regresyonu
icermektedir. [10]

2)

Yumusak kiimeleme, kiimeler arasinda kesisimin oldugu,
yani keskin bir ayrimin olmadigi anlamma gelmektedir.
Boylece, veri nesneleri bir veya birden fazla kiimeye ait

Yumusak Kiimeleme
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olabilir. Mevcut yumusak kiimeleme tekniklerinden bazilari,
Bulanik C-Ortalamalar ve Gauss Karigim Modelleridir.

a. Bulanik C-Ortalamalar

Bulanik c-ortalamalar algoritmasi ilk olarak J.C. Dunn
[11] tarafindan 1973 yilinda karsimiza ¢ikmis ve 1981 yilinda
J. Bezdek [12] tarafindan gelistirilmistir. Bulanik C-
Ortalamalar metodu, nesnelerin iki veya daha fazla kiimeye ait
olabilmesine izin verir. Bulanik mantik prensibi geregi her
veri, kiimelerin her birine [0,1] arasinda degisen birer iiyelik
degeri ile aittir. Uyelik degerinin 1’e yaklasmas1 benzerligin
artt1ig1 anlamima gelmektedir. Nesne hangi kiime merkezine
yakin ise o kiimeye ait olacaktir. Kiimeleme islemi
ilerlemenin en aza indigi basamakta tamamlanur.

Chen B. ve arkadaslar1 yaptiklar ¢alismada, iletkenlerde
olugan kismi desarj1 tespit etmek i¢in Bulanik c-ortalamalar
kiimelemesini kullanmislardir. Kismi desarj darbe 6zellikleri,
esdeger zaman frekans analizi yontemi kullanilarak zaman ve
frekans alaninda analiz edilmistir. Sinyalleri siniflandirmak
icin  bulanik  c-ortalamalar  kiimeleme  algoritmasi
kullantilmigtir [13].

b. GAUSS KARISIM MODELI

Gauss Karisim Modeli Kiimelemesi, ¢ok degiskenli veri
noktalarini belirli olasilik yontemleri kullanarak kiimeler. Bu
verilerin iki veya daha fazla kiimeye ait olmasi ve olusturulan
bu kiimelerin gesitli biiyiikliikk ve korelasyon yapilarina sahip
olmasi tercih sebebidir [14].

Jazebi S. ve arkadaglari yaptiklar1 calismada, Gauss
Karisim Modellerine (GMM) dayali yeni bir diferansiyel
koruma yaklasimi sunmaktadir. Diferansiyel rolelerin diizenli
calismasma engel olan ani miknatislanma akimi ve dahili
arizalarin yanlig tanimlanmasi gibi gegici olaylar dikkate
almmugtir. Giglii olasiliksal model siniflandirict olan Gauss
Karisim Modeli, egitimin hesaplama siiresini azaltmak ve
dogrulugunu artirmak i¢in ayrik dalgacik doniistimii
tarafindan ¢ikarilan 6zelliklerle egitilmistir. [15]

B. Denetimli Ogrenme

Denetimli 6grenme i¢in 6nce sisteme veri setleri girilir
daha sonar verilere etiketleme yapilir. Bunun sonucunda girdi
ve ¢ikt1 veri setleri arasinda iliski kurularak sonuca varilir. Bu
ogrenme teknigindeki temel amag, sonuglart bilinmeyen veri
setlerine dair dogru ve giivenilir tahminleme yapabilmek igin
sonucu bilinen veri setlerini kullanmaktir [16].

1)  Smflandirma

Smiflandirma  yontemleri, girilen  verileri  farkl
kategorilere ayirmak ic¢in kullanilir. Smiflandiricilar, smnif
etiketlerine gore mevcut veri kiimesinde gériinmeyen verilerin
simifim1 tahmin ederek yeni bir yanit {retirler [6]. Farkli
smiflandirma algoritmalar1 alt boliimlerde tartisiimaktadir.

1.1) k-En Yakin Komsu (K-NN)

K-NN algoritmasinin temeli Oklid(mesafe hesaplamasi)’e
dayandirilmistir. Yeni gelen bir veri ile K adet komsu
arasindaki mesafenin 6l¢iilmesi algoritmanin genel mantigini
olusturmaktadir.. K-NN algoritmas1 belirlenen noktanin hangi
sinifa  ait oldugunu tespit etmek icin kullanilan bir
smiflandirma algoritmasidir.



1.2) Destek Vektor Makinesi (DVM)

Destek  Vektér  Makineleri  denetimli ~ 6grenme
yontemlerinden birisidir. Bir diizlem {izerindeki veri
noktalarini ayristirmak ve siniflandirma yapmak igin iki sinifi
ayiran hiperdiizlem adinda bir dogru g¢izilir. Hiperdiizlem ne
kadar genis olursa siniflar o kadar iyi ayristirilir. Karmasik
ama kiiciik ve orta 6lgekteki veri setleri igin uygundur.

Ekici S. yaptig1 calismada [17], dagitim hatlarinda ariza
cesitlerini siniflandirmak ve ariza yer tahminlemesi yapmak
icin tek fazli gerilim ve akim sinyallerini 6lgerek DVM ve
Dalgacik Doniisimii  algoritmalarimi  kullanmistir.  Ariza
tirlerine yapilan testler sonucunda tiim hata kosullari igin
smiflandirma hatasmin %1’in altinda oldugu goriilmiistiir.
380kV ve 360km’lik bir iletim hattinda ortalama ariza
konumlandirma hatasi1 %0,26’dan daha azdir ve maksimum
hata 0,95km’nin altindadir.

1.3)Sinir Ag1 (NN)

Insan sinir sisteminin bir taklidi olan sinir ag1, gecmis
deneyimlerden edindigi bilgileri 6grenebilmektedir ve bu
bilgiler 1s18inda tahminler yapabilmektedir. Sinir ag
parametrik olmayan bir modeldir ve ilk basta 6grenme daha
sonra hatirlama tizerine ¢alismaktadir.

Silva S. ve arkadaslar1 yaptiklari ¢alismada [18], elektrik
dagitim sebekelerindeki yiiksek empedans hatalarinin tespiti
icin veri akigina dayali artirimli 6grenme algoritmasinin nasil
uygulanacagini tartismislardir. Elektriksel akim verilerinin
zamansal-uzamsal modellerini tanimlamak i¢in gelisen bir
sinir agiyla entegre edilen ayrik bir dalgacik doniisiimiine
dayali dzellik ¢ikarma yontemi kullanilmigtir. Elde edilen
sonuglara goére ¢ok katmanl algilayict sinir agi, olasiliksal [1]
sinir ag1 ve destek vektér makinesinin Onerilen sistemin

verimli ve degisikliklere karsi dayanikli oldugunu
gostermistir. Testler sirasinda hata modellerinin  6nemli [2]
Olciide  degismedigi durumlarda tiim smiflandiricilar

tarafindan %99 diizeyinde bir smiflandirma performansi
sergilenmektedir.

1.4) Naive Bayes (NB)

Adint matematik¢i Thomas Bayes’den alan Naive Bayes 4]
smiflandirma algoritmasi, sisteme sunulan verilerin smifini
tespit etmek amaciyla olasilik ilkeleri temelli bir dizi
hesaplamalar yapar. Naive Bayes siniflandirmasinda sisteme [5]
sinifi/kategorisi olan 6gretilmis veriler girilir (Orn: 50 adet).
Bu verilere olasilik iglemleri yapilir. Daha sonra algoritmaya
test verileri girilir. Bu test verileri, mevcut olasilik degerleriyle 6
karsilastirilarak sonuca gore kategorize edilir. Test verisinin
dogrulugu, dgretilmis verinin ¢oklugu ile dogru orantilidir.

3]

;
Othman M.L. ve arkadaslar1 yaptiklar1 c¢alismada, sont 71

kompanzasyonlu statik senkron kompanzatér (STATCOM)
bulunan bir enerji nakil hattinda olusan arizalarin tespiti i¢in [8]
Ayrik Naive Bayes ve Dalgacik Doniigiimii tekniginden
olusan bir metodoloji onermektedirler. Ug fazli (LLLG) ariza,
Hattan Topraga (LG), Hattan Hatta (LL) ve Cift Hattan
Topraga (LLG) gibi farkl ariza tiirleri tespit edilmistir [19].  [g]
IV. SONUC

Elektrik enerjisi gliniimiizde hayatin vazgegilmez
parcalarindan biri haline gelmistir. Gelisen ve genisleyen [10]
yasam alanlart ile birlikte bu enerjinin sadece iiretildigi yerde
degil, insanin yasadig1 her yere ulastirilmasi1 gerekmektedir.

Bu noktada Elektrik Dagitim Sirketleri devreye girmektedir.
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Bu elektrik dagitim ag1 kilometrelerce kesintisiz devam eden
havai ve yer alt1 iletkenlerinden olusmaktadir. Elektrik
enerjisinin Kesintisiz bir sekilde tiiketicilere ulastirilmasi
gerekmektedir ancak iletkenlerde meydana gelen arizalar
sonucunda elektrik  tedarigi kesintisiz  bir  gekilde
saglanamamaktadir. Ariza olusmasi pek tabii olasidir ancak
bu arizanin hizli bir sekilde giderilmesi elzemdir.

Gecmis yillarda ariza varligi genellikle tiiketicilerden
gelen Dbildirimlerle tespit edilmekteydi. Gelen c¢agrilar
sonucunda personel kilometrelerce uzunluktaki havai hatti
gezerek ariza tespiti yapmaya c¢alismaktaydi. Gelisen
teknolojilerle birlikte haberlesme sistemleri devreye girdi ve
hat baslarinda, iletkenlerin iizerinde, trafo kabinlerinde
kullanilan sensor teknolojileriyle iletim hatlarinda meydana
gelen ariza kayitlar1 okunmaya baslandi.

Giliniimiiz teknolojisi ise yapay zekay1 yaninda getirmistir.
Son yillarda saglik sektoriinden ulagim sektoriine, insan
kaynaklar1 vardiya yonetiminden sarf yedek parca, alet,
ekipman gereksinimlerinin tespitine kadar bir¢ok Derin-
Ogrenme- tabanli yapay zeka tahmin ediciler uygulama
alanlar1 bulmaktadir. Birgok alanda kullanilan yapay zeka,
elektrik dagitim sebekelerinde ariza tespiti igin de
kullanilmaya baglanmustir.

Bu calismada yapay zeka tekniklerinin elektrik dagitim
sebekelerinde  kullanimi1  iizerine yapilan caligmalar
incelenerek, ilerleyen dénemlerde yapilacak ¢alismalar igin
bir 6n literatiir hazirlig1 yapilmustir.
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Gida Uretim Alanlarinda Insanlarin Eldiven ve
Maske Kullaniminin Yapay Zeka 1le Tespiti
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Ozet — Tiirkiye niifusunun artis hizina bagh olarak
iilkemizde gida ve gida dagitim sektorii hizh bir sekilde gelisim
gostermektedir. Niifus degisimi gida iiretimi yapan firmalarin
hem sayis1 hem de iiretim kapasitesinin artmasina neden
olmustur. Uretim Kapasitesinde yasanan artis daha fazla
insanin ¢ahsmasina ve bu alanlarin Kontrolii ve hijyen
denetimi de bu oranda etkisini kaybetmeye baslamistir. Gida
iiretimi yapilan alanlarin hijyen denetimleri ya insan
yordamiyla yapilmakta yada hi¢ yapilmayarak insan saghgim
tehdit etmeye devam etmektedir. Teknolojinin gelismesiyle
yapay zeka tabanlh sistemler kullamilarak probleme ¢oziim
getirilmektedir. Bu c¢aligmada insan yanigisindan uzak
siireklilik arz eden bir karar destek sistemi yapilarak bu
alanda calisan insanlarin hijyen denetiminin diizenli bir
sekilde yapilmasi amaclanmistir. Gida iiretim ve dagitim
alanlarma kurulan kameralardan alinan goriintiiler iizerinde
Yolov5 algoritmasi kullanilarak isletmenin hijyen kurallarina
uygunlugunun tespiti, gercek zamanh olarak yapilmstir.
Cahisma sonucunda eldivenli, eldivensiz, maskeli ve maskesiz
olmak iizere 4 simif iizerinde yapilan egitim sonucunda nesne
tanmima modeli ile %80°‘nin iizerinde basarim elde edilmistir.

Anahtar kelimeler— Gida Uretimi, Hijyen Tespiti, Yapay
Zeki, Nesne Tanima, Yolovs

I. GiRris

Gida iretimi (fabrika, iiretim tesisleri vb.) ve gida
dagitimi (restoran, kafe vb.) yapilan isletmelerde hijyen
insan sagligi agisindan biiyilk 6nem arz etmektedir.
Ozellikle pandemi doneminden sonra her birey kendi
hijyeninin, yaninda hizmet aldig1 igletmelerin hijyenine de
dikkat etmektedir [1]. Bu alanda hijyen kontrollerini
arttrmak amaciyla yasal mevzuatlar diizenlense de
uygulamada alinan 6nlemler yasal zorunlulugun OGtesine
gidemeyip siire¢ halen insan yordamiyla yonetilmektedir
[2]. Bu durum igyerlerinin ve c¢alisanlarin yeterli seviyede
hijyen kontroliin saglanmamasina, harcanilan zamanin ve
maliyetin yiikselmesine neden olmaktadir.

Bu c¢alisma ile siirecte denetim yapan insanlara
bagimhiligin azalmasi ve kamera sistemleriyle kontrol
edilmesi amaglanmigtir. Bu amagla misterilerin hijyenik
iirtinlere ulagmasi, toplum sagliginin kontrol altina alinmasi
saglanacaktir. Bununla birlikte yasamilacak aksakliklar
neticesinde israf edilecek ya da imha edilecek iiriin ve
hizmetleri de minimize etmek amaglanmustir.

Gida iretimi ve dagitimi yapilan isletmelerde hijyen
kontroliiniin teknolojik olarak yapildigina literatiirde ¢ok az
rastlanmaktadir. Ornegin Tao ve arkadaslari restoranlarin
gida hijyeninin saglanmasi amaciyla, mutfak personelinin
sef sapkast kullanip kullanmadigmi ve sigara igip
icmediginin tespitini derin O6grenme yoOntemleri ile
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aragtirmiglardir [3]. Zhong ve arkadaglar1 gida islemenin
tiim asamalarindan 6nce el hijyeninin 6nemine vurgu yapip
derin 6grenme yontemleri ile kameradan alinan videolarda
el hijyeni eylemlerini tanimak iizerine ¢aligma yapmiglardir
[4]. Ayrica literatiirde nesne tanima alaminda yapilan
caligmalardan Park ve arkadaglar1 santiye kameralar
tarafindan ¢ekilen video karelerinde ilk olarak insan viicudu
ve baret tespit edip daha sonra tespit edilen insan bedenleri
ile baretlerin geometrik ve uzamsal iliskisi kullanilarak
eslestirme gerceklestirmistir. Bu sayede baret takan ve baret
takmayan insanlarin tespiti iizerine g¢alisma yapmuglardir
[5]. Goksu ve arkadaslart maskesini dogru takan, maske
takmayan ve maskesini yanlig takan bireyleri ayirt etmek
icin Yolo algoritmasi kullanarak otonom bir sistem {izerine
caligma yapmuslardir [6].

Calisma kameradan alinan gériintiiler ile gida iretim ve
dagitim alanlarinda ¢alisan personelin hijyen ekipmanlarimi
(eldiven, maske) kullanip kullanmadigmin gergek zamanli
olarak tespitinin yapilmasini amaglamaktadir. Bu amag
dogrultusunda derin 6grenme tabanli onceden egitilmis
Yolov5 algoritmasi iizerinde agik kaynaklardan elde edilen
veri seti ile egitim yapilarak nesne tespit modelleri
olusturulmustur.

II. MATERYAL VEMETOT

Calisma genel olarak veri seti toplama, temizleme,
etiketleme, nesne tanima algoritmalarmin tasarimi, model
egitim ve sonuglarmin degerlendirilmesi islemlerini
icermektedir.

A. Veri Seti toplama ve temizleme

Gida iretim ve dagitim alaninda galisan personelin
hijyen ekipmanlarin1 kullanip kullanmadiginin tespitini
yapabilmek amaciyla nesnelerin personelin {izerinde
bulunup bulunmadigmin tespit edilmesi gerekmektedir.
Model egitimi i¢in kullanilan veri seti eldivenli, eldivensiz,
maskeli ve maskesiz olmak tizere 4 nesne igermektedir.
Gortintiiler agik kaynak veri setleri, agik kaynak
videolarindan elde edilen gergeveler kullanilarak ve web
tizerinde bulunan goriintilerden veri kaziyarak elde
edilmigtir. Hazir veri setleri roboflow, kaggle, google open
image vb. Agik kaynak veri setleri sunan ortamlardan elde
edilmigtir. Elde edilen veriler model bagariminin arttirilmasi
amactyla goriintii 6nisleme adimma tabi tutulmustur. On
isleme agamasinda model egitimine uygun olmayan, nesne
tanima basarmmini digiirecek ve goriintii kalitesi diigiik
gorlintiiler veri setinden ¢ikarilmigtir. Veri seti 12664
etiketsiz goriintiiden olugsmaktadir. Bu veriler sonraki
asamada etiketleme islemi yapilarak model egitimine hazir
hale getirilmistir.



B. Veri Etiketleme

Veri etiketleme, model egitimi i¢in gerekli olan
nesnelerin bir goriintiiden bir veya daha fazla simifin nesne
barindiran alanlarinin belirli bir formata gore isaretlenmesi
islemidir. Veri etiketleme igleminin yapilabilmesi amaciyla
gesitli araglar (makesense, labelme, labelimg vb.)
bulunmaktadir. Etiketlenen gorintiilerin ¢iktilari CSV,
JSON, XML, TXT seklinde olmaktadir. Etiketin igerigi, her
gOoriintii icin metadata bilgisi ve igerdigi nesnenin koordinat
bilgilerini tutmaktadir [7]. Bu c¢alisjma da labelimg
etiketleme aract kullanilarak Yolo algoritmasmimn ihtiyag
duydugu her bir goriintii i¢in ayni isimle elde edilen txt
formatinda dosyalar olusturulmustur. Eldivensiz sinifi i¢in
yaklasik 10.000 eldivenli sinifi i¢in yaklasik 2000 maskeli
smift i¢in yaklagik 4000 ve maskesiz sinifi i¢in yaklagik
2000 etiket elde edilmistir. Etiketlenen goriintiiler egitim
yapilabilmesi amaciyla %60 egitim %40 test verileri olmak
iizere 2’ye ayrilmistir. Etiketlenmis verilerin 6rnek bir
goriintiisti Sekil 1°de gosterilmistir.

Sekil.1.Etiketli 6rnek veriler

C. Nesne Tanima Algoritmalarinin tasarimi

Nesne tanima algoritmalar1 6zellikle son yillarda hiz ve
hata oran1 gibi parametrelere gore basarili sonuglar elde
etmeye baslamistir. Bu c¢alismada nesne tanima
algoritmalarindan tek asamali nesne tanima yapabilen Yolo
kullanilmigtir. Yolo 2016 yilinda Joseph Redmon tarafindan
gelistirilmisgtir [8]. “You Only Look Once” teriminin
kisaltmasidir ve gercek zamanli nesne tespiti yapmak i¢in
evrisimli sinir aglarin1 kullanmaktadir. 2 asamali nesne
tespiti yapabilen algoritmalara gore daha hizli ve basarili
sonuglar elde edebilmektedir. Devam eden yillarda Yolov2,
Yolov3, Yolov3-tiny, Yolov4, Yolov5, YoloR, YoloX,
Yolov6 ve Yolov7 siiriimleri tanitilmistir. Bu ¢alismada
nesne tanima gorevleri igin siklikla kullanilan Yolov5
algoritmasi kullanilmistir.

Yolov5 nesne algilama API gergevesi, Ultralytics
tarafindan GitHub'da agik kaynak olarak yaymlanmisgtir [9].
Yolov5, 80 farkli sinif igceren Coco Dataset (123.287 resim,
886.284 etiket) ile egitilmis 4 farkli hazir model dosyasi
(Small, Medium, Large, XLarge) igermektedir [10]. Model
dosyalar1 kullanilan yapay sinir agmin biiytikliigiine gore
basarimi artiracak ve hizi diisiirecek sekilde ayarlanmistir.
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Bu calisma da Yolov5 algoritmasina girig goriintiileri
verilerek ozellik ¢ikarma islemi yapilmistir. Daha sonra
cikarilan oOzellikler smiflandirilarak ¢ikti  {iretilmistir.
Onerilen sistem adimlar1 Sekil 2°de gosterilmistir.
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Input image
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Sekil.2. Nesne tanima gorevi i¢in 6nerilen sistem

D. Model egitimi

Model egitim basarisini  etkileyen birden fazla
hiperparametre bulunmaktadir. Bu c¢alismada asagida
verilen parametreler model egitimi basariminin arttirilmasi
amaciyla fine-tuning edilmistir.

Img-size: Model dosyasinin egitim sirasinda veri setinden
alacagi goriintillerin boyutlarin1  belirlemek amaciyla
kullanilmaktadir. Bu c¢alismada veri setinden alinan
goriintiiler 640x640 boyutunda kullanilmigtir.

Batch-size: Yapay sinir aginin ileri beslemesi sirasinda aga
girdi olarak tek seferde ka¢ gorintii verilecegini
belirtmektedir. Genellikle batch-size 2 ve katlar1 seklinde
ag1 beslemek amaciyla kullanilmakta ve donanmim
ozelliklerine gore 4,8,16 olarak belirlenebilmektedir. Bu
calismada bacth-size olarak 16 kullanilmustir.

Epoch-size: Egitim esnasinda ileri besleme ve geri
yayilimin kag defa yapilacagim belirtmektedir. Literatiirde
200-300 tavsiye edilir fakat asir1 Ogrenme durumu
olusmazsa arttirilabilir.

Weights: Egitimin 6nceden egitilmis Yolov5 model
agirliklarindan hangisi ile yapilacagini (Small, Medium,
Large, Xlarge) belirtmektedir.

E. Performans Degerlendirmesi

Bu c¢alismada performans degerlendirme metrikleri
olarak Kesinlik, Duyarlhilik, Dogruluk ve karmagsiklik
matrisi kullanilmigtir. Bu metriklerin tanimlari:

Kesinlik: degeri pozitif sinifa ait olan ve pozitif smif olarak
tahmin edilen 6rneklerin oranidir [11].

TP
TP+FP

Kesinlik =

@)

Duyarlilik: gergek deger olarak pozitif sinifa atanmig
degerlerin ne kadar iyi tahmin edildigini gostermektedir
[11].

TP
TP+FN

Duyarlilik = (2)
Dogruluk: dogru olarak tahmin edilen degerlerin toplam
tahmin degerlerine oranidir [11].

TP+TN

Dogruluk = ————
TP+TN+FP+FN

(3)

Eldiven smifi igin siniflandirmada kullanilan metrikler
tanimlanacak olursa;

Dogru Pozitif(TP) : Dogru sekilde tanimlanan eldiven sayist



Yanlis Negatif (FN) : Gergekte eldiven olan fakat eldiven
olarak tahmin edilemeyen 6rnek sayist

Dogru Negatif (TN) : Gergekte eldiven olmayan ve eldiven
olarak tanimlanmayan 6rnek sayisi

Yanlig Pozitif (FP) : Gergekte eldiven olmayan ancak
eldiven olarak tanimlanan 6rnek sayist

Karmagiklik  matrisi, yapay zekd uygulamalarinda
performansin degerlendirilmesi igin kullanilan bir tablodur.
Bu tablo smiflandirma sonucunda dogru ve yanlis
tahminlerin sayisini igcermektedir [12].

Tahmini
p Sinif N
P Dogru Pozitif Yanlis Negatif
TP FN
Gergek
Sinif
N Y anlis Pozitif Dogru Negatif
FP TN
Sekil.3. Karmagiklik matrisi [12]
I1l. DENEYSEL SONUCLAR

Veri seti toplama, temizleme, etiketleme ve model
egitimi adimlar1 tamamlanip egitim sonucunda model
dosyalar1 elde edilmistir. Model egitiminde kullanilan
donanim 9.nesil i7 islemci, 32 GB ram ve 8 GB RTX
SUPER grafik kartina sahip bilgisayar kullanilmistir.
Egitim 200 adim sayisi, 16 parti boyutu, 640 giris verisi
boyutu ve onceden egitilmis agirlik olarak da medium
dosyast kullanilmigtir. Bu veriler ve parametreler
dogrultusunda c¢alisma sonucunda elde edilen sonuglar
asagida verilmistir.

Sekil 4 de verilen grafik, eldiven ve maske tespiti i¢in egitim
sonuglarint icermektedir. Grafige bakildiginda Kesinlik
degeri 0.70-0.80 arasinda bir seyir gostermistir. Kesinlik
degerinin artmasi 6nemli bir kistastir. Duyarlilik degeri 0.50
ile baslayip 0.82 degerine kadar bir artig gostermistir. Bu da
calismanin yanilma paymin giderek azaldigini ortaya
koymaktadir. Kayip degerin sifira yaklastigini gérmek ise
¢alismanin tahmin yeteneginde artisin s6z konusu oldugunu
gostermektedir.
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Sekil.4. Model egitimi performans metrikleri sonucu
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Sekil 5 de egitim sonucunda elde edilen karmagiklik matrisi
verilmektedir.
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Sekil.5. Model egitim sonucunda elde edilen karmagsiklik matrisi

Karmagiklik matrisine bakildiginda test verileri {izerinde
eldiven olmama yani ¢iplak el sinifi i¢in %84, eldivenli sinif
icin %81 , maskeli sinifi i¢in %92, maske olmama sinifi igin
%382 oraninda dogru tahmin yapildig1 gériilmektedir.

IV. SONUC

Calismada gida iiretimi ve dagitimi yapilan alanlarda
calisan personelin hijyen kurallarina uygunlugunu yapay
zeka destekli sistemle tespit edilmistir. Bu sistem eldiven
ve maske ekipmanlarinin personel tarafindan kullanip
kullanmadigini  otonom olarak belirlemektedir. Bu
dogrultuda, yapay =zekd uygulamalarinda  yiiksek
bagarimlar elde edilen Yolov5 algoritmasi kullanilmigtir.
Alinan sonuglar insan yanilgisindan uzak, otonom olan bu
sistemin  problem  ¢oziimiinde  kullanilabilecegini
gostermistir.Ozgiin veri seti kullanilarak elde edilen yiiksek
basarimla ig yiikii azalacaktir.Ayrica ¢alisma gida iiretim ve
dagitim alanlarinda hijyen kurallarina uyulmas: agisindan
farkindalik yaratacak, zamandan kazang ve maliyette diisiis
saglanacaktir.
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Ozet—Yapay zeka ve yapay zekali robotlara “elektronik”
ad1 altinda hukiiki kisilik taninmasi, Avrupa Parlamentosu
Hukik isleri Komisyonu’nun Robotikte Medeni Haklar
Komisyonu’na tavsiyeler iceren 27.01.2017 tarihli Rapor’u ile
giindeme getirilmistir. Bu diisiincenin altinda yatan gerekce;
bunlarin, 6zellikle de otonom olanlarin, sebep olabilecekleri
zarirlardan mevcit sorumluluk  hukiiku  prensipleri
kapsaminda kimlerin ve hangi gerekcelerle sorumlu
tutulabileceginin irdelenerek mevciit hukiki kisilik sahibi
varliklardan herhangi biri ile illiyet bagi kurulamamasi
ihtimilinin dikkate alinmis olmasidir. Mevcit Kkusursuz
sorumluluk prensiplerinin genisletilmesi siiretiyle te’sis edilen
iiriin sorumlulugu prensibinin yapay zekiya uyarlanmasi
mahiyetindeki 28.09.2022 tarihli “Yapay Zekad Sorumluluk
Direktifi” Teklifi’nin 2. gerekcesinde de ifide edildigi iizere;
yapay zekanin, 1. gerekcede ifade edilen faydalar1 yaninda,
olusturdugu tehditler s6z konusudur. Her ne kadar, 2017 tarihli
Rapor’da yer verilen, bu varhklara hukiki Kkisilik tanmima
diisiincesi terk edilmis olsa da; bunlarin otonom oluslarinin
dogurabilecegi risklerin, hemen her Direktif, Direktif Teklifi ve
Rapor’un en basindan sonuna kadar tekriren vurgulaniyor
olusu, bu kayginin devim etmekte oldugunu géstermektedir. Bu
calismada, 2017 tarihli Rapor’da uygun bir ara¢ olarak
degerlendirilen hukiiki kisilik miiessesesinin tam otonom yapay
zeka barmdiran araclara tammmasinin gereklilik ve yerindeligi
tartisilacaktir.

Anahtar Kelimeler—hukiiki kisilik,
sorumluluk, yapay zeki

zardr, illiyet bag,

I. GIRIS
Hukuki kisilige sahip olmadig: siirece bir varlik, baskalarina
verebilecegi zararlardan sorumlu tutulamaz. Zira sorumluluk,
bir hiikkme aykir1 hareket etmenin yaptirimi olup, bir varligin
buna tabi’ olabilmesi i¢in evveld buna muhatap alinmis
olmasi, yani bu hitkkme uygun hareket etme yikiimliligi
altina alinmig olmasi, gerekir. “Hak ve yiikiimliliiklerin
muhatab1” olmalar1 dolayisiyla yalnizca kisilerin herhangi bir
hilkkme uygun yahut aykirt davranig sergilemesi miimkin
olup aykir1 olanlarin sonucu olan zararlari tazmin etme
sorumlulugundan s6z edilebilir. Bu nedenle, yapay zeka
barmdiran bir varligin sebep olabilecegi zararlardan, ancak
onun treticisi, saticisi veya kullanicisi gibi hukiki kisilige
sahip varliklar sorumlu tutulabilir. Bununla birlikte, ortaya
¢ikan zarar ile bu varliklarin eylemleri arasinda bir ‘illiyet
bagmin kurulmus olmasimi zorunludur. Eger yapay zeka
barmdiran bir varligin sebep olabilecegi herhangi bir zarér ile
onun Treticisi, saticist veya kullanicisi gibi herhangi bir
hukiki kisi arasinda higbir ‘illiyet bag1 kurulamazsa, dogmus
olan zararlarin giderilmesi miimkin olmayacaktir. Yapay
zekali varliklarin ~ Ongoriilemez  davranig  potansiyeli

nedeniyle, ortaya cikabilecek tim zararlarin tazminini
giivence altina almak iizere yapay zekali varliklarin bizzat
kendilerinin sorumlu tutulmasi gerekebilir. Bu ise, yapay
zekali varliklarin hukdki kisilik statiisiine dahil edilmesini
gerektirmektedir. Zir, ancak bu sdyede bu varliklar vermis

olduklar1 zararlar1 tazmin etme yiikiimliligi altina
sokulabilecek ve bu zarirlarin tazmini miimkn hale
gelecektir.

Bu calismada, oncelikle hukiki kisilik statiisiiniin anlam
ve kapsami, ardindan tazminat sorumlulugunun en temel sarti
olarak ‘illiyet bagi, nihayet yapay zekali varliklarin tasidigi
bagimsiz 6grenme ve hareket etme kabiliyetinin barimdirdig:
tazmini miimk{n olmayan zarar tehlikesine deginilecektir.

II. HUKUKI KiSiLIK STATUSUNUN ANLAM VE KAPSAMI

Hukuoki kisilik statiisii, genellikle ve ozellikle, bir varligin
“haklara sahip olabilme ve yiikiimliiliikler altina girebilme
kabiliyeti” [1, 2] olarak tanimlanmaktadir. Yani; yalnizca bu
statii kapsamima dahil edilen varliklar hukikun bahsettigi
haklarin lehdari ile yiikiimliiliiklerin! yiiklenicisi olabilirler.

Tanimda gecen “hak” ifadesi, insanlar haricindeki varliklar
s0z konus oldugunda, genellikle ve ozellikle, yapay zeka
haricindeki varliklarin korunmasit konusunda giindeme
getirilmektedir. Ozellikle dogal varliklarin bireysel olarak
yahlt da doganin bir biitiin olarak korunmasi konusunda
etkili bir ydontem olarak 6nerilmektedir [3, 4].

Tanimda gecen “yiikiimliilik” ifadesi ise, bir varligin,
huktikun 6ngérdiigii emir ve yasaklarin muhatabi olmasini
ifade etmektedir. Bu anlami bakimindan; insan haricindeki
dogal varliklar i¢cin uygulanmasi pek miimk{n
goriilmemektedir. Zird bu varliklar igerisinden insanlara en
fazla benzeyen hayvanlarin dahi ayirt ve tercth etme
kabiliyetini haiz olmadiklari dolayisiyla verebilecekleri
zararlardan sorumlu tutulabilmeleri diigiiniilemez.

Iste bu nedenledir ki; yalmzca insanlarm gercek anlamda
hukiken kisi olduklart ve hukikun 6ngordiigii bazi hak ve
yiikiimliiliiklerin sahibi olabilecekleri kabil edilmektedir [1].
Bununla birlikte, insdn ‘unsuru barindiran bazi emsal
varliklarin da hukik nazarinda varolduklari ve dahi kisi
olduklar1 kabil edilmektedir. Tiize geregi varolan bu
varliklarin da, varoluslarinin kabtiliine uygun diistiigii 61¢iide,
tipki insanlar gibi hak ve yikiimliliklerin sahibi
olabilecekleri kabil edilmektedir [5].

Bu iki ¢esit kisiden miitesekkil “kigiler” sinifinda yer alan
varliklar haricindeki biitiin varliklar ise esya smnifinda yer
almakta ve bunlar hak ve yiikiimliliiklerin konusunu
olusturmaktadir [3]. Bunlarin kendilerine &it olabilecek

! Baz1 yazarlar; kisilerin, baskalar1 lehine davranista
bulunmalar1 yoniindeki hiikiimlerinin tamamini ifade temek
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iizere “yiikiimliilik” terimini kullanmak yerine, 6zel bir
yikiimliiliik tiirii olan “borg¢” terimini kullanabilmektedir.



menfaatleri dahi, tipki kendileri gibi, ait olduklar kisiye ait
kabul edilmektedir. Bdylece, esyd lizerinde kurulan bir
mutlak kisi hakimiyeti sdyesinde; esya statiisiindeki herhangi
bir varligin verebilecegi bir zarar1 tazmin ylkiimliligi, bu
varligin bizzat kendisine degil, bu varlik {izerinde en iistiin
bir slrette yararlanma imkanina sahip olan kisilere
yuklenmistir [7, 8, 9].

ITI. TAZMINAT SORUMLULUGUNUN EN TEMEL SARTI OLARAK
ILLIYET BAGI

Tazminat sorumlulugu, kural olarak, bazi sartlarin ayn1 anda
varhigma baghdir. Bunlardan, konumuz bakimindan, en
onemlisi “‘illiyet bag1” sartidur.

Bu sartin bu denli 6nemli olmasinin nedeni; diger 6nemli bir
sart olan “kuslr” sartinin, istisndi de olsa bazi hallerde,
aranmasina gerek birakilmadigi halde; dogmus olan bir zarar
ile bir kisi arasinda ma’kdl bir ‘illiyet bagi te’sis edilemedigi
stirece,  hicbir  kisinin,  tazminat  yikiimliligiin
dogmamasindandir.

“Insan diisiincesinin bir kanunu olan illiyet kavrami, zararh
sonugla sorumlulugu doguran davranis veya olay arasinda bir
sebep-sonu¢ bagmin bulunmasint gerektirir. Hukukta,
gerceklesen zararla sorumlulugu doguran olay veya davranis
arasindaki sebep-sonug iliskisine, genel anlamda illiyet bag1
denilir” [10].

Boyle bir bagin varligi tazminat yiikiimliliigiiniin dogumu
icin, mutlak surette aranmakta olup aksi halde, zarara sebep
olan kisi kusurlu dahi olsa, zarara ma’riiz kalan Kkisinin
ugradigt  zardri tazmin etme yikimliligi altinda
olmayacaktir.

IV. YAPAY ZEKALI VARLIKLARIN TASIDIGI BAGIMSIZ
OGRENME VE HAREKET ETME KABILiYETININ DOGURDUGU
TAZMINI MUMKUN OLMAYAN ZARAR TEHLIKES]

Yapay zekali varliklara hukdki kisilik taninmasi gerektigi
yoniinde ¢esitli tartigmalar mevcat olsa, bunlarin
halihazirdaki hukdki statiisiinin esya oldugu konusunda
herhangi bir tartisma s6z konusu degildir [1, 11, 12, 13].

Insanlarin disinda kalan biitiin varliklar icerisinden ayirt ve
tercth etme kabiliyeti yoniiyle insana en fazla benzeyen varlik
yapay zekadir. Zira bunlara bu kabillyeti kazandiran varlik
olan insan, bunlari tasarlarken, bizzat kendi diisiinme ve karar
verme siirecinden hareket etmistir. Insans1 robotlar, beyin-
makine ara-yilizi, yapay organ vb. calismalar da
gostermektedir ki; yapay zeka, bazi insanlarin sahip oldugu
olimsiizliik ile Frankenstein dahi olsa cansiz bir varliga hayat
verme diislinceleri yolunda atilan en 6nemli adimlardan
biridir [14, 15, 16].

Halihazirda bu varliklarin sebep olabilecekleri hemen her
tiirlii zararin; bu varliklarin ireticisi, saticis1 veya kullanicisi
gibi cesitli sifatlarla; herhangi bir kisi ile irtibatlandirilmasi
miimkindiir [11, 17, 18]. Bu nedenle de, dogan zararlari
tazmin etme yikiimliiligiiniin bu veyd benzeri kisilere
yiklenmesi uygulamasinin siirdiiriilmesi amacryla, gerek
yeni tiir kustirsuz sorumluluk halleri gerek yeni tiir ihtiyari
yahit da zar(ri sorumluluk sigortasi tiirleri Onermek
mimkandiir [18, 19, 20].

Avrupa Parlamentosu Hukuk Isleri Komisyonu nun
Robotikte Medeni Haklar Komisyonu’na tavsiyeler iceren
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27.01.2017 tarihli Rapor’u ile giindeme getirilen, yapay
zekali varliklara, “elektronik” adi altinda, hukdki kisilik
taninmasi diigiincesi [21, 22]; tdm da bu oOnerilerin islevsel
olmamasi ihtimalinin biylkligini gostermektedir. Zira
giinlimiizde bir yapay zeka ile herhangi bir kisi arasinda giiglii
yahiit zayif herhangi bir bag kurmak miimkin ise de; bunun
her zaman bdyle kalacagindan emin olmak miimkin degildir.

ChatGPT adli yapay zekdya bu konuyla ilgili olarak
yoneltmis oldugumuz bazi sorular ile bunlara karsilik
aldigimiz cevablar soyledir:

Soru 1: Yapay zekanin iireticisini tespit etmek her zaman
mimkiin miidiir?

Cevab 1: “Yapay zeka sistemlerinin ireticisi, genellikle
sistemlerin kullanim kilavuzlarinda veya sistemin kendisinde
belirtilir. Ancak, bazen yapay zeka sistemleri {iglincii taraf
firmalar tarafindan kullanilir ve bu durumda sistemin asil
iireticisi belirtilmeyebilir. Ayrica, baz1 yapay zeka sistemleri
acik kaynak kodlu olabilir ve bu durumda, sistemin iireticisi
belirlenemeyebilir.

Genel olarak, yapay zeka sistemlerinin {ireticisi tespit
edilebilir, ancak bazi durumlarda tespit edilememeyecektir.”

Soru 2: Yapay zekénin kendi
gerceklestirmesi miimkn miidiir?

basimna Ogrenmeler

Cevab 2: “Evet, yapay zeka sistemleri kendi baslarina
O6grenme (6grenme tizerinde bir kontrolii olmayan dgrenme)
gerceklestirilebilir. Bu tiir yapay zeka sistemleri, genellikle
"6grenen makine" olarak adlandirilir ve verilen veriler ve
gorevler iizerinde otomatik olarak &grenirler. Ogrenen
makine yapay zeka sistemleri, 6rnegin ses tanima, goriintii
tanima veya dil ¢6ziimleme gibi gorevlerde kullanilabilir.

Ogrenen makine yapay zeka sistemleri, dgrenme esnasinda
ogrendikleri bilgiyi saklayabilir ve bu bilgiyi ileride
kullanabilirler. Bu  sistemler, 06grendikleri  bilgiyi
giincelleyebilir ve diizgiin ¢aligmalarimi siirdiirebilmek i¢in
gerektiginde 6grenme siirecine devam edebilirler.

Ancak, d6grenen makine yapay zeka sistemlerinin dgrenme
stireci Onceden tanimlanmisg bir yaprya gore gerceklestirilir ve
bu sistemlerin 6grenme siirecinde bir kontrolii yoktur. Bu
nedenle, Ogrenen makine yapay zeka sistemleri kendi
baglarina tamamen 6zgiin 6grenme gergeklestirmezler ve bu
nedenle  tamamen "kendi  baglarina" = &grenmeler
gergeklestirmezler.”

Soru 3: Yani onun ne dgrenip ne dgrenmeyecegi dnceden
belli midir?

Cevab 3: “Ogrenen makine yapay zeka sistemlerinin ne
ogrenecegi 6nceden belli olur. Bu sistemler, verilen veriler ve
gorevler lizerinde otomatik olarak Ogrenirler ve 6grenme
siireci dnceden tanimlanmig bir yapiya gore gergeklestirilir.
Bu nedenle, sistemlerin o6grenecegi bilgi ve kavramlar
onceden belirlenir ve sistemler bu bilgi ve kavramlar tizerinde
O0grenme yaparlar.

Ancak, 6grenen makine yapay zeka sistemleri 0grendikleri
bilgiyi ~ giincelleyebilir ve  diizgiin  g¢aligmalarim
siirdiirebilmek i¢in gerektiginde 6grenme siirecine devam
edebilirler. Bu nedenle, sistemler Ogrendikleri bilgi ve



kavramlar1 zaman iginde giincelleyebilir ve yeni bilgi ve
kavramlar 6grenebilirler.”

Soru 4: Bir yapay zekanin belirli bir siir olmaksizin kendi
basina 6grenmesine izin verilmesi miimkiin miidiir?

Cevab 4: “Yapay zeka sistemleri kendi baslarina belirli bir
smir olmaksizin 6grenme gerceklestirmezler. Bu tiir yapay
zeka sistemlerinin 6grenme siireci 6nceden tanimlanmis bir
yapiya gore gerceklestirilir ve bu sistemlerin 6grenme
stirecinde bir kontrolii yoktur. Bu nedenle, yapay zeka
sistemleri kendi baslarina tamamen 6zgiin 6grenme
gergeklestirmezler ve bu nedenle tamamen "kendi baglarina”
ogrenmeler gergeklestirmezler.

Ancak, yapay zeka sistemleri verilen veriler ve gorevler
tizerinde otomatik olarak ogrenirler ve 6grendikleri bilgiyi
saklayabilirler. Bu  sistemler, 0Ogrendikleri  bilgiyi
giincelleyebilir ve diizgiin ¢caligmalarini siirdiirebilmek igin
gerektiginde Ogrenme siirecine devam edebilirler. Bu
nedenle, yapay zeka sistemleri Ogrendikleri bilgi ve
kavramlar iizerinde zaman i¢inde gelisme gosterebilirler ve
yeni bilgi ve kavramlar 6grenebilirler.”

Soru 5: Kendi basina ve belirli bir sinir olmaksizin
0grenmeye programlanmis bir yapay zekanin
Ogrenebilecekleri arasina insanlara zarar verici s6z ve
davraniglar gerceklestirme de girer mi?

Cevab 5: “Yapay =zeka sistemleri programlanarak
ogretilebilirler, ancak bu sistemlerin ne d6grenecekleri ve ne
yapacaklar1 konusunda bir sinir olmaz. Yapay zeka sistemleri
sadece verilenleri 6grenir ve onlar1 dogru bir sekilde uygular.
Bu nedenle, yapay zeka sistemlerine insanlari zarar verici
davraniglar 6gretmek dogru bir sey olmayacaktir. Ayrica,
yapay zeka sistemleri insanlarin diisiince ve davranislarimi
taklit edebilirler, ancak bu sistemler insanlarin diisiince ve
davramiglarinin  arkasindaki  nedenleri ve etkilerini
anlamayabilirler. Bu nedenle, yapay zeka sistemlerine
insanlar1 zarar verici davraniglar 6gretmek, insanlar1 zarar
verebilecek bir davranmisin  insanlarin  diisiince ve
davraniglarinin arkasindaki nedenleri ve etkilerini anlamadigi
anlamina gelebilir.”

Soru 6: Kendi basina ve belirli bir sinir olmaksizin
O6grenmeye programlanmis bir yapay zekanin insanlara zarar
verici s6z ve davraniglar 6grenmesi ve bunu gerceklestirmesi
hélinde dogan zarar ile herhangi bir insan arasinda zararin
sorumlulugu konusunda bir ‘illiyet bagi kurulmasi her zaman
miimkdn olur mu?

Cevab 6: “Yapay zeka sistemlerinin insanlara zarar verici s6z
ve davraniglar Ogrenmesi ve bunlart gerceklestirmesi
durumunda, zararin sorumlulugu konusunda bir illiyet bag:
kurulmasi her zaman miimkiin olmayabilir. Bu, yapay zeka
sistemlerinin ne Ogrendigi ve ne yaptigmin tam olarak
anlasilip anlasilmadigina ve sistemlerin nasil
yapilandirildigina gore degisebilir.

Yapay zeka sistemlerinin yapilandirilmas: ve kullanimi,
yapay zeka sistemlerinin ne Ogrenebilecegi ve ne
yapabilecegi konusunda sinirlar ve kurallar koymak igin
yapilir. Eger yapay zeka sistemlerine insanlar1 zarar verici
davraniglar Ogretilmigse ve bu davraniglar
gergeklestirirlerse, bu durumda zararm sorumlulugu
konusunda bir illiyet bagt olusabilir. Bu durumda, zararin
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sorumlulugu konusunda bir illiyet bagi kurulmasi i¢in, yapay
zeka sistemlerinin ne 6grendigi ve ne yaptiginin tam olarak
anlasilmast ve yapay zeka sistemlerinin  nasil
yapilandirildiginin arastirilmasi gerekebilir.

Ancak, yapay zeka sistemlerinin yapilandirilmas: ve
kullanimuyla ilgili olarak, zararin sorumlulugu konusunda bir
illiyet bagi kurulmasi her zaman miimkiin olmayabilir.
Omegin, yapay zeka sistemlerinin yapilandirilmas: ve
kullanimuyla ilgili olarak, yapilandiricilarin ve kullanicilarin
ne Ogrettikleri ve ne yaptiklar1 konusunda bilgi sahibi
olmadiklart veya bu bilgilerin tespit edilememesi
durumlarinda, zararin sorumlulugu konusunda bir illiyet bagi
kurulmast miimkiin olmayabilir.

Sonug olarak, yapay zeka sistemlerinin insanlara zarar verici
s0z ve davranislar 6grenmesi ve bunlar1 gerceklestirmesi
durumunda, dogan zararm sorumlulugu konusunda bir illiyet
bagr kurulamamasi durumunda, zaririn giderilmesi igin
tazminat talebinde bulunulmasi veya hukuki yollarin takip
edilmesi gibi segenekler olabilir. Ancak, zararin giderilmesi
konusunda kesin bir cevap vermek igin, zararin 6zelliklerine
ve kosullarina gore bir degerlendirme yapilmasi gerekebilir.”

Soru 7: Zarara sebep olan yapay zeka ile onun yapilandirici,
iiretici, satici veyd kullanicilar1 dahil herhangi bir insén
arasinda bir ‘illlyet bagi kurulamaz ise kimden tazminat
talebinde bulunulabilir?

Cevab 7: “network error

The server experienced an error while processing your
request. Sorry about that! You can retry your request, or
contact us through our help center at help.openai.com if the
erTor persists.

Sorry, it looks like my previous response was cut off. To
continue, if the artificial intelligence system was sold as a
product and it learned and performed harmful actions towards
humans, the person or entity that sold the product may be held
responsible for the damages. In such cases, the person or
entity that suffered the damage may file a claim for
compensation against the seller of the product.

It is also important to note that the responsibility for damages
caused by artificial intelligence systems may depend on the
laws and regulations of the specific jurisdiction in which the
damage occurred. Therefore, it may be necessary to consult
with a legal professional or research the applicable laws and
regulations in order to determine the appropriate course of
action for seeking compensation in cases where the artificial
intelligence system and its creators or users cannot be held
responsible for the damages.”

V. DEGERLENDIRME VE SONUC

Hukaki kisilik statiisii tanimlanirken yaygin olarak kullanilan
“hak ve yiikiimliliklerin sahibi” olma ifadesindeki “hak”
kismi1 dogal varliklarin korunmalari i¢in uygun bir arag olarak
one c¢ikmakta iken “yilikiimlilik” kismi ise yapay zekal
varliklarin verebilecekleri ve herhangi bir kisi ile ‘illiyet
bagmin kurulamamasi nedeniyle tazminat yikimlisii
herhangi bir kisinin bulunamamasi karsisinda tazmini
miimki{n olmayan zararlarin giderilmesi i¢in uygun bir arag
olarak 6ne ¢ikmaktadir.



Her ne kadar yapay zekd barindiran varliklar halihazirda
kendilerinde verilen veri kiimelerini inceleyerek ve kendileri
icin belirlenmis bir hedef dogrultusunda 6grenme yetenegine
sahip olsalar da: ilerleyen zamanlarda bu sinirlarin da ortadan
kalkmast miimkiindiir. Zird mevcit sinirlandirma, yalnizca,
veri kiimeleri ile hedeflerin belirlenmesi sayesinde
saglanabilmekte olup; gerek veri kiimelerinin gerekse
hedeflerin sinirsiz hale getirilmesi ve dahi bunun a¢ik kaynak
kodlu bir yapay zeka tarafindan gergeklestirilmesi halinde
dogabilecek zararlar ile herhangi bir kisi arasinda ‘illiyet
baginin kurulamamasi tehlikesi mevcittur.

Anilan bu tehlikeyi ortadan kaldirmanin etkin bir yolu ise bu
varliklarin bizzat kendilerine hukdki kisilik tanimak ve tipki
sermaye sirketlerinin mal varliklarinin, kendi
sorumluluklarma karsi, giivence olusturmasinda oldugu gibi;
bu varliklara da mal varlig1 edinme imkan1 tanimak sdretiyle
etkinlestirmek miimkindiir.

ChatGPT adli yapay yapay zeka uygulamasinin konuyla ilgili
sorularimiza vermis oldugu cevablar da gostermektedir ki:
mevceit hukik Kkisilerinin, mevciht huklki diizenlemeler
kapsaminda, tazmini miimkin olmayan bazi zararlar ile kars1
karsiya kalmalar1 muhtemeldir. Bu ihtimali ortadan
kaldirmak amaciyla: ya herhangi bir bagka kisi ile illiyet bagi
bulunmayan bir zardra karsi mevcit kisiler korumasiz
birakilacak; ya “deprem, sel, kasirga, hortum, orman yangini,
kuraklik, tsunami” gibi “act of god” olarak adlandirilan ve
Tanr1’dan bagka hi¢ kimsenin sorumlu tutulamayacagi kabil
edilen [23, 24] zararlar sinifi yaninda ikinci bir sinif olarak
“act of AI” eklenecek ve 6ncekilere benzer seklide bu risklere
kars1 6zel bir sigorta tiirii olusturulacak; yahat da hukdki
kisilik statiisiine dahil edilmek siretiyle iirettikleri yararl
iirlin, eser [25, 26] ve hizmetler nisbetinde mal varligina sahip
kilinmalar1  dolayisiyla  sebep  olduklar1  zarérlan
giderebilmeleri saglayacaktir.
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Determining the Risk of Maternal Health Status with Machine Learning Methods
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Ozet:—Anne saghg hamilelik, dogum ve dogumu takip eden
donemde kadinlarin saghgim ifade eden bir kavram olarak
tanimlanmaktadir. Son yillarda bu asamalar1 tamaminda kadin
ve bebegin saghikl bir sekilde tamamlamasi i¢cin 6nemli diizeyde
ilerlemeler kaydedilmesine ragmen hamilelik, dogum ve
sonrasinda kadin oliimleri goriilmektedir. Bunun yani sira
bebek oliimleri ile de karsilasilmaktadir. Diinya saghk orgiitii
tarafindan paylasilan rakamlara bakildiginda bu o6liimlerin
kabul edilemez derecede yiiksek oldugu belirtilmektedir.
Yasanan anne oliimlerinin cogu, saghk cahisanlar tarafindan
zamamnda miidahale ile onlenebilir niteliktedir. Onlenebilir
anne Oliimlerinin sona erdirilmesi diinya capinda OGnem
verilmesi gereken bir durum olarak karsimiza ¢ikmaktadir. Bu
baglamda anne 6liimii riski olusturabilecek durumlarin tespiti
de olduk¢a 6nemlidir.

Bu c¢alismada, anne saghk durumu riskinin makine
Ogrenmesi  yontemleri kullamlarak  tespit  edilmesi
amaclanmistir. Navie Bayes, Karar Agaclar, Rastgele
Ormanlar, Destek Vektor Makinesi, XGBoost ve Derin Sinir
Aglar1 makine o6grenmesi yontemleri kullanilarak analizler
yapilmis ve performansi karsilagtirilmistir. Makine 6grenmesi
yontemlerinin performanst Dogruluk, F1-Skor, Kesinlik ve

Duyarhhik metrikleri ile degerlendirilip sonuclar1 ortaya
konmustur.
Anahtar:—Kelimeler: Makine Ogrenmesi, Damsmanh

(")grenme, Tahminleme, Anne Saghk Durumu Riski

Abstract—Maternal health is defined as a concept that
expresses the health of women during pregnancy, childbirth and
the period following birth. Although significant progress has
been made in recent years in order for women and babies to
complete these stages in a healthy way, women's deaths are
observed during pregnancy, childbirth and afterwards. In
addition, infant deaths are also encountered. Considering the
figures shared by the World Health Organization, it is stated
that these deaths are unacceptably high. Most maternal deaths
are preventable with timely intervention by healthcare
professionals. Ending preventable maternal deaths emerges as a
situation that should be given importance worldwide. In this
context, it is also very important to identify situations that may
pose a risk of maternal death.

In this study, it was aimed to determine the risk of maternal
health status by using machine learning methods. Analyzes were
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made using machine learning methods of Navie Bayes, Decision
Tree, Random Forests, Support Vector Machine, XGBoost and
Deep Neural Networks and their performance was compared.
The performance of machine learning methods was evaluated
with Accuracy, F1-Score, Precision and Sensitivity metrics and
the results were revealed.

Keywords:— Machine Learning,
Prediction, Maternal Health Risk

Supervised Learning,

I. GIRIS

Kadinlar igin anne saglig1 sorunlar1 hamilelik, dogum ve
dogum sonrast donemde ortaya ¢ikmaktadir. Hamilelik
doneminde kadinlar, bircok durumda diisiik ve 6liime yol
acabilecek saglik komplikasyonlar1 agisindan yiiksek risk
altindadir. Tiim hamilelikler risk tagisa da, yiiksek riskli bir
hamilelik ekstra bakim gerektirebilir. Bebeklerin ve
kadmlarin sagligint korumak i¢in hamilelik asamasinda
gozlem altinda olmalidir. Anne ve bebek sagligini korumak ve
Oliimleri azaltmak i¢in hamileligin farkli asamalarinda tibbi
eylemler gereklidir. Dogum sonrasi donemde de hem annenin
hem de bebegin sagligini izlemek ¢ok onemlidir ¢iinkii her
ikisi de ilk donemde daha yiiksek Oliim riski altindadir.
Dogum sonrasinda yapilan saglik izlemeleri de semptomlarin
erken tespit edilip tedavi edilmesi agisindan 6nemlidir ve bu
da oliim riskini azaltabilir [1-4].

Gelisen modern diinyada, hamilelik siiresince ortaya ¢ikan
komplikasyonlarin tamami Olmasa da ¢ogu tedavi edilebilir,
hatta 6nlenebilir niteliktedir. Bununla birlikte, Diinya Saglik
Orgiitii'niin raporuna gére 2017 yilinda hamilelik siirecinde,
dogum sirasinda ve dogum sonrasinda yaklasik 295.000 kadin
Olmiistiir. Bu da her giin yaklagik 810 kadimnin hamilelik ve
dogumla ilgili Onlenebilir nedenlerden dolayr hayatini
kaybettigi anlamina gelmektedir. Bu 6liimlerin %94'i, diisiik
ve orta gelirli tilkelerde yasayan ergenlik ¢agindaki genglerde
veya yirmi yagindan kii¢iik ergenlerde gergeklesmistir [1,2,5].
Hamile kadinlardaki yas, yiliksek veya diisiik kan basinci, kan
sekeri seviyeleri, viicut 1s1s1 ve kalp hiz1 gibi saglik faktorleri,
gebelik sirasinda yiliksek diizeyde saglik sorunlarina neden
olabilir ve bu da hem kadinin hem bebegin kaybina yol
acabilir. Bu saglik faktorlerinin, tip uzmani tarafindan 6zel
ilaglarla kontrol edilmesi gerekir. Bu nedenle, bu tiir saglik
risklerinin erken teshisi, tip uzmanlarinin bu durumu



hafifletmek i¢in uygun Onlemleri alarak potansiyel olim
olasiliginin 6nlenmesinde 6nemli derecede rol oynamaktadir
[1,2].

Il. KAYNAK OZETLERI

Kansizliktan COVID-19'a kadar birgok hastalik tiiriinii
tahmin etmek i¢in farkli makine &grenimi algoritmalar1 ve
yontemleri kullanilmigtir. Anne saghigmm 6nemli olmasi
nedeniyle, birgok arastirmaci makine 6grenimi tekniklerini
kullanarak hamilelik sirasindaki saglik risklerinin tahmin
edilmesi i¢in modeller ve yaklasimlar gelistirmeye
yonelmislerdir. Ayn1 zamanda makine 6grenimi teknikleri,
hamilelik risklerinin tahmininin yanisira bebek sagligini
tahmin etme konusunda da kullanilmustir [1,6].

T1bbi teshis ve tahminde makine 6grenimi iizerine yapilan
Onceki aragtirmalara bakildiginda; C4.5 Karar Agaci, Naive
Bayes algoritmalari ile hamilelik risklerini ve hamileligin
normal veya anormal evrelerini tahmin etmek iizere
¢aligmalar yapilmustir [7]. Ahmet vd. Banglades'te yaptiklart
calismada bulut tabanli makine oOgrenimi teknikleri
kullanilarak hamile kadimnlarin saglik risk seviyeleri tahmin
etmislerdir [8]. Hamile kadinlarin saglik durumlarim analiz
ederek anne sagligi risk durumlarini belirlemislerdir.
Giyilebilir algilama cihazlar1 kullanilarak ¢ok sayida
kaynaktan toplam 1014 &rnek toplamiglar ve bu ornekleri
“Maternal Health Risk Data Set” (MHRDS) adi altinda
paylagmiglardir. Kullandiklar1 yontemleri gerceklestirmek
i¢in Python ve WEKA kullanmiglardir. Anne saghgi risk
seviyelerini, tip uzmanlarimin yardimyla disiik riskli, orta
riskli ve yiiksek riskli olarak ayirmislardir. Yas, kan basinci ve
kan sekeri gibi saglik faktorlerini, risk seviyesini belirlemek
igin anahtar faktorler olarak tamimlamuglardir  [9].
Diamantoulaki vd. MHRDS veri kiimesini kullanmislar ve
anne sagligi riskini belirlemede, bes risk faktortinii dikkate
almiglardir.  Viicut sicaklign  (BodyTemp) 6zniteliginin
ExtraTreesClassifier kullanarak yaptiklar1 analizde risk
faktorleri acisindan Oznitelik Oneminin diger Ozniteliklere
gore ¢ok disik oldugundan bu Ozniteligi deneysel
caligmalarinda kullanmamuglardir. Caligmalarinda federe
ogrenme yontemi ile tahminleme yapmuslardir [10]. Raza vd.
calismalarinda, 6znitelik se¢imi Karar Agaci, ¢ift yonli uzun
kisa siireli bellek (Bidirectional long short term memory
(BILSTM) ve gecici evrisimsel sinir aglart (temporal
convolutional network (TCN)) tabanli Oznitelik segimi
Onermislerdir. Caligmalarinda simif dengesizligini gidermek
icin SMOTE sentetik veri artirma yontemini kullanmiglardir.
Onerilen DT-BILTCN b6znitelik secimi yapildiktan sonra
Karar Agaci, Lojistik Regresyon, Ekstra Agag, K- En Yakin
Komsu, Rastgele Orman (RO) ve Destek Vektor Makineleri
(DVM) yontemleri ile kullanarak deneyler yapmuslardir [1].

1. MATERYAL VE METOT

Caligmada UCI Machine Learning’den alinan «Maternal
Health Risk» veri seti kullanildi1 [11]. Bu veri seti Ahmet vd.
Banglades'te yaptiklari bir ¢alisma sonucunda yaymnlanmustir.
Veri seti birden fazla kaynaktan toplanan 1014 drnekten ve 6
Oznitelikten olugmaktadir. Anne saghgi risk seviyeleri, tip
uzmanlarinin yardimiyla diisiik riskli, orta riskli ve yiiksek
riskli olarak ayrilmustir.
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TABLO 1. Oznitelikler ve istatistiksel veriler

count {[mean |std |min |25% [50% |75% [max
Age 1014 (29,9 13,5 10,0 (19,0 [26,0 |39,0 (70,0
SystolicBP 1014 (113,2 (18,4 (70,0 |100,0/120,0{120,0|160,0
DiastolicBP |1014 |76,5 13,9 |49,0 |65,0 (80,0 |90,0 (100,0
BS 1014 (8,7 33 |60 |69 [75 |80 |19,0
BodyTemp (1014 |98,7 1,4 198,0 |198,0 (98,0 |98,0 [103,0
HeartRate (1014 (74,3 81 |70 |70,0 (76,0 [80,0 |90,0

Tablo 1’de verilen
verilmigtir.

Ozniteliklerin agiklamasi agagida

Age: Yas,

Sistolik BP: Kan Basimcinin mmHg cinsinden {ist degeri,
DiastolicBP: Diisiik Kan Basinci degeri.

BS: Kan sekeri seviyeleri

BodyTemp: Viicut sicakligi

HeartRate: Kalp Atis Hizi

Veri Seti Risk Seviyelen

A06
400
350 336
300 272
250
E
g 200
150
100
50
o
low risk mid risk high risk

RiskLewel
Sekil 1. Veri seti risk seviyeleri ve sayilar

Veri seti i¢inde anne saglik durumu risk seviyeleri Sekil
1°de gosterildigi iizere yiiksek risk, diisiik risk ve orta risk
olmak tizere ti¢ kategoriye ayrilmaktadir.

Korelasyon Matrisi

-10
Age - 0.26 0.08
-0.8
SystolicBP 029 0023
-0.6
DiastolicBP 0.26 0.046
-0.4
BS 042 1 01 | 014
-0.2
BodyTemp 0.29 .26 01 0.09% o0
HeartRate 3 0046 014 0099 1 a3
s 5 g 8 & &
T = = £ 2
= = = =
] 7] 9 B
@ = | T
Sekil 2. Korelasyon matrisi
Tahmin  Ozniteliklerinin -~ Sekil  2’de  gdsterilen

korelasyonlaria bakilip, korelasyonu diisiik olan degiskenler
veri setinden ¢ikarilarak yapilan analizlerden sonra,



“HeartRate” 6zniteliginin hamile kadinlarin saglik risklerini
belirlemede daha az yardimci oldugu sonucuna varildi. Bu
nedenle, bu Oznitelik veri setinden kaldirilarak
smiflandirmalar yapilmigtir. Veri seti icin SMOTE-ENN
metodu kullanilarak veri seti dengesizligi giderilmistir.

Caligmada kullanilan algoritmalar ve deneysel analizlerde
kullanilan parametreler agagida 6zetlenmistir.

Naive Bayes siniflandirma Bayes teoremine dayanan bir
yontemdir. Algoritma tahmin edilecek sinif elemam igin her
durumun olasiligini hesaplar ve olasiligi en yiiksek ¢ikan
degeri secerek siniflandirma islemini yerine getirir.

Karar agaglari, niteliklerin temsil edildigi diigtimler, dal ve
yapraklardan olugmaktadir. Karar agaclari ile siniflandirmada
en {ist yap1 kok diigiim ile baglar. En son yapr ise yapraklardan
olugur. Kok ile yapraklar arasinda kalan yapilar ise dal olarak
adlandirilmaktadir. Niteliklerin degerine gore diigiimler alt
dallara ayrilir, bu siire¢ yaprak elde edilinceye kadar devam
eder. Burada diigiimler; test islemine tabi tutulan nitelikleri
gosterir, dallar ise teste tabi tutulan diigiimlerin sonuglarini
gosterir. Yapraklar ise veri setindeki bir karar sinifin1 temsil
etmektedir [12].

Derin Sinir Aglar1 (DSA), giris, ¢ikis ve birden fazla
katmani olan yapay bir sinir ag1 olarak tanimlanabilmektedir.
DSA’nin her katmaninda ele alinan problemle ilgili ¢ikarilan
Oznitelikler 6grenilmekte ve s6z konusu katmanda 6grenilen
Oznitelikler, kendisinden sonra gelen katman igin girdi
degerlerini  olusturmaktadir. Boylece ilk katmandan
baslayarak son katmana dogru Ozniteliklerin Ogrenilerek
devam edildigi bir ag yapist olusturulmus olmaktadir [13].

Rastgele  Orman  algoritmast  topluluk  6grenme
algoritmalarindan biridir. Topluluk 6grenme metotlari, farkli
modelleri birlestirerek sonuglart iyilestirmeyi amaglar.
Rastgele orman algoritmasi birden fazla karar agaglarinin
birlesiminden elde edilmektedir [7].

DVM dogrusal olarak ayrilabilen ve dogrusal olarak
ayrilamayan verilere uygulanabilmektedir. Dogrusal olarak
ayrilabilme durumunda DVM’nin amaci iki sinifi birbirinden
ayiran en iyi hiper diizlemi bulmaktir. Verilerin Dogrusal
olarak ayrilamadigi durumda ise siniflandirma islemi ¢ekirdek
fonksiyonlar1 kullanilarak yiiksek boyutlu bir uzaya taginarak
gerceklestirilir [14].

XGBoost, Chen ve Guestrin tarafindan gelistirilen bir
topluluk agaci algoritmasidir [15]. Friedman'in gradyan
artirma algoritmasina dayali olarak gelistirilmigtir [16,17].
XGBoost, tahmin performansi tek basina kullanilan bireysel
tekniklerden daha iyi olan, birlestirilmis bir model iiretmek
i¢in karar agaclarinin verimli bir sekilde uygulanmasindan
olusan kollektif bir modeldir.

Makine 6grenme yontemleri ile siniflandirma igin kurulan
modellerin tasarimi Python programlama dili kullanilarak
gerceklestirilmistir. Kullanilan algoritmalarin egitilmesi ve
test edilmesi islemleri igin Google Colaboratory ya da kisaca
Colab bulut platformu kullanilmugtir. [18]. Model iizerinde
yapilan deneylerde veri setinin %80' egitim, %20'si test igin
ayrilmistir.  XGBoost smiflandirici i¢in Python xgboost
kiitiiphanesi ve “default” parametreler kullanilmistir. Naive
Bayes, DVM algoritmalar igin Python sklearn kiitiiphanesi
kullanmilmigtir. DSA  simiflandirict  i¢in  Python Keras
kiitiiphanesi kullanilmistir. Kurulan DSA modeli 5 diigiimden
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olugan 1 giris katmani, 2 adet 20 digiimden olusan gizli
katman ve ¢ikis katmamindan olusmaktadir. Aktivasyon
fonksiyonu olarak Rectifier Lienar Units (RELU)
kullanilmistir.  Cikig  katmaninda kullanilan aktivasyon
fonksiyonu ise softmax’tir. Loss parametresi
categorical_crossentropy, optimizer parametresi adam,
batch_size 16, epoch parametresi ise 1000 olarak
ayarlanmustir. RO algoritmasinda n_estimators 50, criterion
"gini" olarak ayarlanmigtir. DVM algoritmasinda ¢ekirdek
fonksiyonu rbf (Radial basis function) kullanilmigtir. Diger
algoritmalarda “default” parametreler kullanilmustir.

Tablo 2. Smiflandirma performans olgiitleri

Algoritmalar| Dogruluk | Kesinlik fl Duyarhhk

Naive Bayes | 0.6875 | 0.68711 | 0.662239 | 0.668899

DVM 0.81875 | 0.786692 | 0.790552 | 0.799046

RO 0.91875 | 0.902022 | 0.902167 | 0.903001

DSA 0.93750 | 0.923259 | 0.927410 | 0.933214

XGBoost | 0.93751 | 0.925714 | 0.928586 | 0.932174

Karar Agact | 0.96875 | 0.962963 | 0.966253 | 0.97231
Yapilan deneysel analizler sonucunda elde edilen

performans metrikleri Tablo 2’de gosterilmistir. Kullanilan
algoritmalar iginde en diisiik performanst Naive Bayes
algoritmas1 gosterirken en yliksek dogruluk degeri Karar
Agaci siniflandirma yontemi ile elde edilmistir.

IV. SONUC

Bu ¢alismada, anne saglik durumu riski makine 6grenmesi
yontemleri kullanilarak tespit edilmistir.

Yapilan deneysel caligmalar sonucunda Karar Agaci
yonteminin diger makine 6grenmesi yontemlerine gore daha
basarilt oldugu goriilmiigtiir. Karar agaclart ile %96.88
oraninda dogruluk degerine ulasiimigtir.

Makine 6grenme yontemlerinin bir karar destek sistemi
olarak anne saglik durumu riskinin belirlenmesinde
kullanilabilecegi kanaati olusmustur. Bununla birlikte, anne
saglik durumu riskinin belirlenmesinde makine 6grenme
modellerinin otomatik ve dogru olarak ilerletilebilmesi ve
gelistirilmesi i¢in, saglik uzmanlarinin rehberliginde mevcut
verilerin yam sira farkli bulgular ve/veya tibbi goriintiileme
cihazlarindan alman veriler ile birlestirildigi yiiksek kaliteli
veri kiimeleri ile ¢aligmalarin yapilmasi faydali olacaktir.
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Location of Distributed Generation in DC Microgrids
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Distributed generation (DG) points to a number of technologies that generate electricity in the
close vicinity of load demand. The conventional and centralized power distribution systems cannot meet
the ever-increasing growth in demand, which comprises the reliability of power system operations. DG
can appear as a single structure, e.g., a home or business, or a microgrid, e.g., a major industrial facility,
a military base, or a large college campus. The integration of DGs into the distribution level can help
support delivery of clean, reliable power to additional customers and reduce electricity losses along
transmission and distribution lines. Optimal placement of DG units helps strengthening grid, reducing on-
peak operating cost, improving voltage profiles and load factors, addressing system upgrade requirements,
and enhancing system integrity, reliability, and efficiency. Mixed-integer nonlinear programming
(MINLP) representation is used to cast optimal DG placement problem that brings burden on to
computation time. The increase in the computation time comes from power flow equations, and disjoint
variables, respectively, non-convex and binary. The variable settled in disjoint set accounts for the
deployment decision to determine the location of predefined number of DG units. These difficulties are
usually overcome with a linearized version of the original problem. The linearized form of the formulation
can also be solved with heuristic approaches namely particle swarm, genetic, and harmony search
algorithms. Main drawback of using linearized version is to consideration of network without loss. The
heuristic methods’ performance relies on the pre-selected starting values. A two-stage optimization model,
where mixed-integer linear programming (MILP) version of the problem is handled as a master problem,
while the MINLP problem is addressed as a subproblem. However, their solutions are not guaranteed to
be globally optimal.

Convex relaxation approaches cast original problem in its surrogates, while preserving
equivalency to the original formulation, to integrate network losses and address the power flow equations
containing non-convexity. Convex relaxation methods have been applied for optimal power flow in
distribution networks with DG units. While the optimal DG operation, considering the physical and
operational constraints, has been scrutinized AC and DC microgrids, the optimal DG placement is required
to be studied more to realize industry level applications.

We propose an optimal distributed generation (DG) placement framework for both DC and AC
microgrids to minimize transmission/distribution losses. Given the historical behavior of load profiles,
this planning problem optimizes discrete variables, either zero or one for each bus, represent the location
of DGs without violating operational and physical boundaries. This problem is cast as a MINLP, which
brings computational burden cause of non-convex power balance/flow solutions and discrete values. A
mixed-integer second-order cone programming (MISOCP) relaxation is employed to obviate the non-
convexities of power flow/balance equations and use branch-and-bound search to solve the resulting
relaxed problem. The proposed approach is validated on IEEE benchmark systems.

Keywords: Distributed generation, DC micro-grids, power systems.
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Dagitik iiretim (DU), yiik talebinin yakminda elektrik iireten bir dizi teknolojiye isaret etmektedir.
Konvansiyonel ve merkezi gii¢ dagitim sistemleri, gii¢ sistemi operasyonlarinin giivenilirligini iceren,
talepte siirekli artan biiyiimeyi karsilayamamaktadir. DU, rnegin bir ev, isyeri, mikro-sebeke, biiyiik bir
endiistriyel tesis, askeri iis veya bir iiniversite kampiisii gibi tek yap1 olarak goriinebilir. DU'lerin dagitim
seviyesine entegrasyonu, artan talebe karsin temiz, giivenilir giic saglanmasini desteklemeye, iletim ve
dagitim hatlar1 boyunca elektrik kayiplarmi azaltmaya yardimci olabilir. DU birimlerinin en uygun
konuma yerlestirilmesi, sebekenin gii¢lendirilmesine, yiiksek igletme maliyetlerinin azaltilmasina, gerilim
profillerinin ve yiik faktorlerinin iyilestirilmesine, sistem yiikseltme gereksinimlerinin ele alinmasina ve
sistem biitiinliigiiniin, giivenilirligin ve verimin artirilmasma yardimci olur. En uygun konuma DU
yerlestirme problemi, hesaplama agisindan zorlayict olan karma tamsayili dogrusal olmayan
programlama bigiminde ifade edilebilir. Ciinkii disbiikey olmayan gii¢ akisi denklemleri ve DU
konumunun kararini hesaba katan ikili (0 veya 1) degiskenleri icerir. Bu zorluklar ¢ogunlukla orjinal
problemin dogrusal bir yaklagimi veya genetik, parcacik siiriisii ve harmoni aragtirmasi gibi sezgisel
yontemler araciligiyla ele almmaktadir. Dogrusal yaklasimlar kayipsiz bir sebeke oldugunu
varsaymaktadir. Sezgisel yontemlerin performansi baslangi¢ kosullarma baghdir. Bu iki metodun
birlesimi olarak; problemin karma tamsayili dogrusal programlama versiyonunun ana problem, karma
tamsayili dogrusal olmayan programlama probleminin ise bir alt problem olarak ele alindig1 iki asamali
bir optimizasyon modeli sunulabilir. Ancak bu yontemler de ¢dziimlerinin global veya globale yakin
olarak en uygun oldugunu garanti edemez.

Sebeke kayiplarmi problem formiilasyonuna entegre etmek ve gii¢ akis1 denklemlerinin digbiikey
olmama durumunu ele almak i¢in cesitli digbiikey gevsetme yoOntemleri orjinal problemi, orjinal
formiilasyonla esdegerligini korumaya calisirken, alternatif ama denk bir hale doniistiirmiistiir. DU {initeli
dagitim sebekelerinde en uygun giic akisi i¢in digbiikey gevsetme yontemleri uygulanmistir. DC mikro-
sebekeler i¢in fiziksel ve operasyonel kisitlar goz oniinde bulundurularak DU’ler incelenmis olsa da
literatiirde en uygun konuma DU yerlestirme ¢abalar1 oldukea nadirdir.

Bu ¢aligmada iletim/dagitim kayiplarini en aza indirmek i¢in DC mikro-sebekelerde en uygun
konuma DU yerlestirme formiilasyonu dnerilmektedir. Talep edilen yiik profillerinin tarihsel davranigi
gdz oniine alindiginda, bu planlama problemi operasyonel ve fiziksel kisitlamalara uyarken DU'lerin
konumunu belirleyen ayrik degiskenlerin en uygun degerini bulmaktadir. Bu problem, digbiikey olmayan
giic akisy/denge denklemleri ve ayrik degiskenlerin varligindan dolay1 hesaplama agisindan zor olan
karma tamsaylr dogrusal olmayan programlama problemi olarak gosterimi amaclanmaktadir. Giig
akis/denge denklemlerinin digbiikey olmama durumlarini ortadan kaldirmak i¢in karma tamsayili ikinci
dereceden konik programlama gevsemesi ve ortaya ¢ikan ayrik degiskenleri bulmak i¢in dal-sinir aramasi
yontemleri kullanilmaktadir. Onerilen yaklasimm dogrulanmasmim IEEE test sistemlerinde yapilmasi
planlanmaktadir.

Anahtar Kelimeler: Dagitik iiretim, DC Mikro Sebeke, Gii¢ Sistemleri.
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Giliniimiizde artan niifus ve buna bagli olarak artan gii¢ talebi ile AC sebekelerde karsilasilan
giic kompanzasyonu gibi birgok problemde yasanan zorluklar, DC sebekelerin popiilaritesini
artirmigtir. Ancak DC giiclin depolanmasindaki yiiksek maliyetler DC kaynaklarin optimal
kullanimi zorunlulugunu dogurmustur. Dogada smirli DC kaynaklarin maksimum kullaniminin
ardindaki fikir, gli¢ sistemleri literatiiriinde yaygin olarak bahsedilen {i¢ tip problem olarak ortaya
cikmustir: yiik akisi, ekonomik dagitim ve optimal gii¢ akisi problemidir. Problemin tespitinde
fiziksel ve operasyonel kisitlamalarin belirlenmesi gerekmektedir. Gii¢ sistemi optimizasyon
problemleri ilk olarak Kirchoff ve Ohm kanunu kullanilarak optimal gii¢ akigi problemi olarak
formiiliize edilmistir. Optimal gii¢ akis1 probleminde her bir bara igin gerilim ve gii¢ ayar noktalari
belirlenirken; hatlarin gii¢ tasima kapasitesi kisitlamalari, tiretim kapasitesi kisitlamalar1, gerilim st
ve alt sinir kisitlamalari, iletim kararliligi kisitlamalari, vb. kisitlamalarin yani sira isletme maliyeti
ve gii¢c kaybi gibi belirli bir amag fonksiyonunu en aza indiren ayar noktalar1 belirlenir. DC dagitim
sebekelerinde optimal gii¢ akisi, farkli amag¢ fonksiyonlarinda (6rnegin; giic kaybi, maliyet ve
esneklik) dogrusal, dogrusal olmayan veya sezgisel optimizasyon problemleri olarak formiiliize
edilir. DC sebekelerin kritik gorev uygulamalarinda yaygm olarak kullanildigi g6z Oniine
alindiginda, optimal gii¢ akist ¢oziimiinii elde etmek, sistemin optimum ¢alismasi igin
vazgecilmezdir. DC dagitim sebekelerinde optimal gii¢ akisi, konveks optimizasyon yontemleri
kullanilarak yeterince incelenmemistir.

Dogrusal denklemlerle yaklasik olarak tahmin edilen bir optimal gii¢ akis1 ¢oziimii orijinal
fiziksel modele tam olarak uygulanamamaktadir. Bu dezavantaji gidermek igin, g¢esitli konveks
dontigiimler ¢oziimiin orijinal soruna esdegerligini korumaya calisirken, dogrusal olmayan gii¢ akist
kisitlamalarin1  konveks yaklasimlara ifade eder. Yari-belirli programlama (SDP) ve ikinci
dereceden koni programlama (SOCP) dahil olmak iizere konveks doniisiim teknikleri, problemi
yiiksek boyutlu bir uzayda yeniden formiiliize eder ve konveks olmayan cebirsel iliskileri konveks
konik esitsizliklere doniistiiriir. Boylelikle SDP ve SOCP doniistimleri, AC sebekelerde optimal gii¢
akis1 ¢oziimii igin kiiresel olarak en uygun ¢oziimleri basariyla bulur. Ancak bara sayisi ¢ok fazla
olan sebekelerde konveks optimizasyon sonuglarinin elde edilmesi ve gercek zamanli sekilde
fiziksel sistemlere uygulamasinin olduk¢a yavas oldugu gozlemlenmistir. Talep verilerinin
toplanmasi ile optimize edilmis ayar noktalarinin hesaplanmasi arasindaki zamansal bosluk, yani
konveks optimizasyonun islem siiresinin azaltilmasinin yontemleri bu ¢alismanin ana inceleme
noktasini olusturmaktadir.

Bu calismada, kabul edilebilir bir islem siiresi i¢inde global optimizasyona yakin bir ¢dziimiin
elde edilmesi amaglanmistir. Bunun igin XGBoost algoritmasi 72 dakikalik verileri kullanarak giig,
gerilim ve tiretim maliyeti gibi degiskenleri derin 6grenme ile global ¢6ziime yakin olacak sekilde
bulmustur.

Anahtar Kelime: Konveks optimizasyon, DC sebekeler, derin 6grenme, optimal gii¢ akisi.
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Today, the increasing population and the increasing power demand and the difficulties
encountered in many problems such as power compensation in AC networks have increased the
popularity of DC networks. However, the high costs of storing DC power have necessitated the
optimal use of DC resources. The idea behind the maximum utilization of limited DC resources in
nature has emerged as three types of problems commonly mentioned in the power systems
literature: load flow, economical distribution, and optimal power flow problem. Physical and
operational constraints need to be identified in identifying the problem. Power system optimization
problems were first formulated as an optimal power flow problem using Kirchoff and Ohm's law.
While determining the voltage and power setpoints for each busbar in the optimal power flow
problem; power carrying capacity constraints of lines, generation capacity constraints, voltage
upper and lower limit constraints, transmission stability constraints, etc. Setpoints are set that
minimize a particular objective function, such as operating cost and power loss, as well as
constraints. Optimal power flow in DC distribution networks is formulated as linear, nonlinear or
heuristic optimization problems in different objective functions (eg power loss, cost and flexibility).
Given that DC networks are widely used in mission critical applications, obtaining the optimal
power flow solution is indispensable for the optimum operation of the system. Optimal power flow
in DC distribution networks has not been adequately studied using convex optimization methods.

An optimal power flow solution approximated by linear equations cannot be fully applied to
the original physical model. To overcome this disadvantage, various convex transformations
attempt to maintain equivalence of the solution to the original problem, while expressing nonlinear
power flow constraints to convex approximations. Convex transformation techniques, including
semi-definite programming (SDP) and quadratic cone programming (SOCP), reformulate the
problem in a high-dimensional space and transform non-convex algebraic relations into convex
conical inequalities. Thus, SDP and SOCP conversions successfully find globally optimal solutions
for optimal power flow solution in AC networks. However, it has been observed that obtaining
convex optimization results in networks with a large number of busbars and applying them to
physical systems in real time is quite slow. The temporal gap between the collection of demand data
and the calculation of optimized setpoints, i.e. the methods of reducing the processing time of
convex optimization, is the main examination point of this study.

In this study, it is aimed to obtain a solution close to global optimization within an acceptable
processing time. For this, the XGBoost algorithm has found variables such as power, voltage and
production cost to be close to the global solution by using 72 minutes of data.

Keywords: Convex optimization, DC grids, deep learning, optimal power flow.
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Kuvvet kullanimi terimi, uluslararasi iliskiler disiplininde biitiin 6zellikleri ve incelikleriyle savas
olgusunu i¢ine almaktadir. Kuvvet kullaniminin taraflari salt birey, ulus alt1 ve transnasyonel aktorler
ve devletlerle smirli kalmayip degisen karakteriyle yapay zekanin da dahil oldugu bir siirece
evrilmektedir. Bu noktada, Clausewitz’in, ‘Savas Uzerine’ adli calismasinda da savasin dogasinin ayni
kaldig1 ancak karakterinin doneme, teknolojinin ilerlemesine ve manevra kabiliyetlerine gore degisen
bir yapisinin oldugu ifade edilmistir. 21. yiizyilin savaslarinda da yapay zekanin bu degisime yon
vermekte oldugu son gelismelerden gozlemlenmistir. Yapay zeka, askeri operasyonlarda kullanilma
potansiyelinin farkindaligiyla ordularin 6nemli bir pargasi haline gelmistir. Harp sistemleri, stratejik
karar verme, bilgi ve arastirma siireci, muharebe simiilasyonlari, hedef tanima, tehdit izleme, siirii
drone uygulamalari, siber giivenlik, ulasim ve saglik gibi alanlarda kullanimlariyla ordularin yapay
zekadan faydalanmasi artmaktadir.

Soguk Savasin bitimiyle birgok uluslararasi ve bolgesel orgiitiin konferanslarinda ve mutabakatlarinda
ifade edildigi gibi giivenlik kavramimin genisletilip siyasi-askeri giivenligin Otesine gecilmesiyle
dinamik yapiya uyum saglamistir. Aktor olarak bireyler ve konu olarak insan haklar1 giivenlik alanina
yeni bir boyut kazandirmistir. 21. ylizyilin aktor ve konu agisindan yatay ve dikey eksende genisleyen
kiiresel siyaset alaninda teknolojinin ilerlemesiyle birlikte savaslarda ve ¢atismalarda yapay zekanin
manevra kabiliyetini artirdig1 tespit edilmistir. Son ¢eyrekte, yapay zekanin temelini olusturdugu bilgi
ve haberlesme teknolojileri, robotik ve otonom silah sistemlerinin geleneksel esleniginden daha hizli,
daha dogru harekete gegmesi sebebiyle askeri operasyonlarda yer almistir. Bununla birlikte devletlerin
sinir giivenligi de sadece geleneksel yontemlerle degil yapay zekayla da desteklenmektedir.

Kuramsal agidan bakildiginda yapay zeka uygulamalari: otomatiklestirilmis, yari-otonom ve otonom
olmak tizere ti¢ ana baslkta toplanmistir. Hava savunma sistemleri, uzun menzilli balistik fiizeler,
kamikaze dronelar ve birgok benzeri uygulama ve arastirma tam otonom silah sistemlerinin
yayginlagsacagina isaret etmektedir. Bununla beraber yapay zeka temelli silahlarin kullaniminin
uluslararas1 hukuka ve 6zelinde silahli ¢atismalar hukukuna etkisi tizerine ¢aligmalar hentiz norm
olusturamamis ve bu dogrultuda gerekli uluslararas1 diizenlemeler noksan kaldig: tespit edilmistir.
Bireyler ve insan haklari bu diizlemde ele alindiginda iki farkli agidan bu hususlarin degerlendirilmesi
gerekliligi ortaya ¢cikmaktadir. Birincisi geleneksel yontemlerden ziyade yapay zeka kullanarak sayica
az personelle ve personelini de daha az riske atarak sézde insan gilivenligini onceledigi savi iddia
edilmektedir. Ote yandan yapay zeki kullaniminda insanin karar verici mekanizmadan tamamen
soyutlanmasiyla hedef dogrulugu kontrolii terkedilmis ve muhtemel hatalarin trajik bir seklide
sonuglanma ihtimalinin 6nii agcilmistir. Bu noktada yanliglikla hedef alinan masum insanlar1 yapay
zekadan kimin koruyacagi akillarda soru olusturmaktadir. Gergeklesen bu tip olaylar incelendiginde
saldiriya karar veren taraflarin ve uluslararasi hukukun aktif bir kars1 durus icerisinde olmadigi ve
bununla beraber herhangi bir diizenleme gayreti icerisine girmedigi de goriilmektedir. Artan trajik
olaylar nedeniyle birey ve devlet giivenligi saglanmak amagclanirken ihlallerle beraber yapay zekanin
olumsuz yonlerinin uluslararasi iligkilere yansimasi géz oniinde bulundurma ihtiyact dogmustur. Bu
caligmada, otomatiklestirilmis yapay zeka uygulamalarindan hava savunma sistemlerinin bireylerin ve

1 Orcid 0000-0002-7973-9566
* Sorumlu yazar. Tel.: +90 354 242 1741: fax: +90 354 242 1005.
E-mail: r.iklime.gun@yobu.edu.tr (R.I.Giin Altun).
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devletin giivenligi genelinde, Ukrayna-Rusya, Kuzey Kore-Giiney Kore, Filistin-israil 6zelinde nasil
bir rol aldigina uluslararasi iliskiler perspektifinden bakilmaktadir.

Anahtar kelimeler: giivenlik, kuvvet kullanimi, savas, silahli ¢atismalar hukuku, yapay zeka
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Impacts of Artificial Intelligence on International Relations
Ranuna Iklime GUN ALTUN?

YYozgat Bozok University, Faculty of Economics and Administrative Sciences, Department of International Relations,
Yozgat, Turkey

The term use of force includes the phenomenon of war with all its features and subtleties in the
discipline of international relations. The parties to use of force are not only limited to individuals,
subnational and transnational agents and states, it also evolves into a process that composed artificial
intelligence with its changing character. At this point, it is stated in Clausewitz's work "On War"
emphasized the nature of war remains the same, but its character has a structure that changes according
to period, advancement of technology and its maneuverability. It has been monitored from recent
developments that the artificial intelligence is leading these change in the wars of the 21st century.
Artificial intelligence has become an vital part of armies with the awareness of its potential to be used
in military operations. The use of the artificial intelligence by armies has been rising with its use in
areas such as warfare systems, strategic decision making, data processing and research, combat
simulations, target recognition, threat monitoring, drone swarm applications, cybersecurity,
transportation and healthcare.

With the end of the Cold War, as expressed in the conferences and memorandums of many
international and regional organizations, the concept of security has been expanded and transcended
political-military security, and it has been integrated into dynamical structure. Individuals as an agent
and human rights as a subject have brought a new dimension to security field. It has been determined
that artificial intelligence has increased its maneuverability in wars and conflicts with the advancement
of technology in the field of global politics, which expands horizontally and vertically in terms of
agents and subjects of the 21st century. In the last quarter, information and communication
technologies based on the artificial intelligence, have taken part in military operations as robotic and
autonomous weapon systems since they are acted faster and more accurately than traditional
counterparts. In addition, the border security of states is supported not only by traditional methods but
also by artificial intelligence.

From a theoretical point of view, artificial intelligence applications are classified into three main
categories: automated, semi-autonomous and autonomous. Air defense systems, long-range ballistic
missiles, suicide drones and many similar applications and research refer to fully- autonomous weapon
systems that have become widespread. Nevertheless, the studies on the effect of the use of artificial
intelligence-based weapons on international law and in particular on the law of armed conflicts have
not yet formed a norm, and it has been determined that the fundamental international regulations are
lacking accordingly. When individuals and human rights are considered at this level, it becomes
indispensible to evaluate these issues from two different perspectives. First, it is claimed that it
prioritizes so-called human security by using artificial intelligence rather than traditional methods,
with fewer personnel and by putting its personnel life at less risk. On the other hand, with the complete
isolation of humans from the decision-making mechanism in the use of the artificial intelligence, a
target accuracy control has been abandoned and this pave the way for the inevitable mistakes that
results in a tragic end. Herein, the question of who will protect the innocent people, mistakenly targeted
from the artificial intelligence, has appeared in minds. When these types of events are examined, it is
seen that the parties that decided on the attack and international law did not take an active opposition
stance, and did not make any effort to regulate policies. While aiming to ensure individual and state
security due to the increasing tragic events, the necessity of considering the artificial intelligence’s

2 Orcid 0000-0002-7973-9566
* Corresponding author. Tel.: +90 354 242 1741: fax: +90 354 242 1005.
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impacts on international relations has become urgent issue with the violations. In this study, the role
of air defense systems as a product of the automated artificial intelligence applications in the security
of individuals and the state in general, Ukraine-Russia, North Korea-South Korea, Palestine-Israel in
particular has been examined from the perspective of international relations.

Key words: artificial intelligence, law of armed conflicts, security, use of force, war
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Abstract

This thesis aims to predict trend movement of closing price of stock and to maximize investment portfolio
by utilizing the predictions. In this context, the study aims to define a stock portfolio strategy from models
created by using Logistic Regression, Gradient Boosting and Random Forest Methods.
Predicting the trend of stock price has gained a significance role in making buy and sell decisions and
generating returns with investment strategies formed by machine learning basis decisions. There are plenty
of studies in the literature on the prediction of stock prices in capital markets using machine learning
methods but most of them focus on closing prices instead of the direction of price trend. Our study differs
from literature in terms of target definition. Our target definition is a classification problem which is
focusing on the market trend in next 20 trading days.
To predict trend direction, fourteen years of data were used for training. Following three years were used
for validation. Finally, last three years were used for testing.

Training data are between 2002-06-18 and 2016-12-30

Validation data are between 2017-01-02 and 2019-12-31

Testing data are between 2020-01-02 and 2022-03-17
We compared our machine learning basis portfolio return on test data with return of Hold Stock Portfolio,
Best Stock Portfolio and USD-TRY Exchange rate.
We assessed our model performance with the help of roc-auc score and lift charts. In our study, we use grid
search approach to fine-tune hyper-parameters.
As a result of the empirical study, the existence of uptrend and downtrend of five stocks could not be
predicted by the models. When we use the predictions to define buy and sell decisions in order to generate
model-based-portfolio, model-based-portfolio fails in test data-set. It was found that Model-based stock
portfolio strategy can not outperform non-model portfolio strategies on test data-set.
Keywords:Stock Prediction, Data Science, Machine Learning
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Abstract

We do not yet have clear information on what the heaviest possible atomic nucleus might be.
Due to the increased effect of Coulomb repulsion in the superheavy region, and hence alpha
emission and fission becoming inevitable, the stability rapidly decreases in this region. With
the fission barrier height information, the survival probabilities of superheavy nuclei can also
be reached. Therefore, it is important to have accurate knowledge of fission barriers, for
example, the discovery of superheavy nuclei in the stability island in the superheavy nuclei
region. In this study, the random forest machine learning algorithm was used to accurately
predict the fission barriers of 775 even-even superheavy nuclei (132<N<216) with proton
numbers between 92 and 120. The obtained results were compared both among themselves and

with other theoretical model calculation estimates and experimental results.

Keywords: Fission barrier; Superheavy nuclei; Random forest; Mapping
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Endiistriyel Tasarimlarda Yapay Zekanin EtKisi
ve Gelecegi

Miinevver Yakut', Emine Bozkus?
Beykent Universitesi, Meslek Yiiksekokulu, Miilkiyet Koruma ve Giivenlik Boliimii, Istanbul

Yildiz Teknik Universitesi, Endiistri Miihendisligi Anabilim Dali, Istanbul

Ozet
Gorsel segiciligin 6n planda oldugu ve yaraticilik faktoriiniin etkin oldugu endiistriyel tasarim faaliyetleri
kiiresellesen piyasalarda olduk¢a 6nemli bir yere sahiptir.Uretim ve tiiketim arasindaki degisken orana
bagl olarak miisteri memnuniyeti ve ihtiyaglarina gore iiretilen {iriinlerin tasarimi rekabet piyasalarinda
{iriinin ~ tercih  edilmesinde  ¢ok  biiyiikk  bir  etki  yiizdeligine  sahiptir.Uriinlerin
gorselligi,boyutu,islevselligi,rengi gibi birden ¢ok unsuru baz alarak tasarimlar yapilmaktadir.Endiistriyel
tasarimcilar kisilerin talep ve ihtiyaglarina gore ayni1 zamanda da rekabet piyasasinda {iriine marka degeri
katip dncelikli tercih edilmesi igin cesitli teknolojik kaynaklardan yararlanmaktadir.Uretilecek iiriinler
tasarim agamasinda bilgisayar ortamlarinda ¢esitli yazilimlar kullanilarak énceden incelenme imkanina
sahiptir.Boylelikle iiretim asamasina gecilmeden fark edilen hatalar ve istenmeyen 6zellikler tespit edilip
diizeltmeler yapilabilmektedir.Degisen teknoloji ile birlikte dijitallesme ¢ag1 hizla yeni {iriinler ortaya
cikartp kullanima sunulmaktadir.Yapay zeka ile insan beyni ve ¢alisma sekli taklit edilerek yeni
teknolojik tirlinler ve yazilimlar orta ¢ikarilmaktadir.Giiniimiizde birden ¢ok alanda yapay zekadan
faydalanilmakla birlikte makine O6grenmesi belirli bagli alanlardan biridir. Yapay zekanin yagmn
kullanilmasinin birincil nedeni bulut ve ug teknolojiler kullanilmasiyla gii¢lii ve uygun maliyetli bilgi
islem yeteneklerinin bir¢ok yerde bulunmasi olup diger bir neden ise yapay zeka algoritmalar1 ve veri
biliminin giderek artan kapsamliligidirYapay zeka sistemler , tasarimcilarin hayal ettigi ve ifade etmekte
zorlandig1 tahminlerini sanal ortamda goérme imkani ile ¢aligmalarini kolaylastirmaktadir. Yapay zeka
yapilandirilmis ve yapilandirilmanmis verileri makine 6grenmesi gibi yontemlerle birlikte analiz
edebilebilmektedir.Endiistriyel tasarimlarda yapay zeka yontemleri kullanilarak insan hayal giiciiniin
somut hale getirilmesi ile ileri seviyede kaliteli iiriin ve hizmetlerin iiretimi daha da artabilecektir.
AnahtarKelimeler—Yapayzeka,endiistriyel tasarimlar,dijitallesme,teknoloji
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