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Yapay Zeka Tabanh Dogal Dil Isleme Yaklasimim Kullanarak
Internet Ortaminda Yaymlanms Sahte Haberlerin Tespiti

Mesut Togagar*"*', Kamil Abdullah Esidir?*", Burhan Ergen®
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Oz

Sahte haber, bilingli veya bilingsiz bir sekilde ¢esitli iletisim kanallarin1 kullanarak yayilan ve hig bir gergeklik pay1 olmayan uydurma
haberlerdir. Giiniimiizde kitleler ¢ogu haberleri dijital ve sosyal medya tizerinden aliyorlar. Haberlerin hizli bir sekilde kitlelere
aktarabildigi bu tiir iletisim ortamlarinda ¢ogu zaman bu haberlerin dogrulugu suiistimal edinilebiliyor. Kékeni bilinmeyen haberler
dezenformasyon veya yanlis bilgilendirme yapilarak toplumlarda ciddi sorunlar olusturabilmektedir. Ozellikle internet ortaminda bilgi
kirliligine maruz kalan sahte haberler cok hizl1 bir sekilde topluma etkisini gosterebilmektedir. Dijital ortamlarda bu tiir problemlerin
Oniine gegilebilmesi i¢in haberlerin dogrulugunu kavrayabilen ve hizli bir sekilde teyit eden yapay zeka tabanh bir yaklagim bu
caligmada 6nerilmektedir. Ayrica, yapay zekann bir alt dali olan Dogal Dil isleme (DDI) yéntemi ile erisime acik veri setini kullanarak
haberlerin ger¢ek veya sahte oldugunu tespit eden siniflandirma analizi gerceklestirildi. Veri seti, 6335 haber baglig1 ve icerikten
olusmaktadir. Bu haberlerin 3171'1 gergek haber niteligi tagirken; 3164'i ise sahte haber niteligi tasimaktadir. Caligmanin analizinde
DDI yéntemi ile birlikte Uzun Kisa Siireli Bellek (UKSB) modeli kullamildi ve veri setinin egitimi bu model sayesinde gergeklestirildi.
Sonug olarak, bu ¢alismada egitim verilerinden elde edilen genel dogruluk basaris1 % 99,83 idi ve test verilerinden elde edilen genel
dogruluk basaris1 % 91,48 idi. Bu sonuglar bize gosteriyor ki gelecekte diisiinmeyi planladigimiz benzeri ¢alismalara umut verici
olmustur.

Anahtar kelimeler: Dogal Dil isleme, Yapay Zeka, Sahte Haber, Derin Ogrenme, Haber Simiflandirma.

Detection of Fake News Published on the Internet Using Artificial Intelligence
Based Natural Language Processing Approach

Abstract

Fake news is fabricated news that spread consciously or unconsciously through various communication channels and has no real share.
Today, the masses receive most news on digital and social media. In such communication environments, where news can be transferred
to the masses quickly, the accuracy of this news can often be abused. News of unknown origin can cause serious problems in societies
by making disinformation or misinformation. Especially, fake news exposed to information pollution in the internet environment can
show its effect on society very quickly. To prevent such problems in digital environments, an artificial intelligence-based approach that
can grasp the accuracy of the news and confirm it quickly is proposed in this study. In addition, a classification analysis was performed
using the Natural Language Processing (NLP) method, a sub-branch of artificial intelligence, to determine whether the news was real
or false using the dataset that was accessible. The dataset consisted of 6335 news headlines and content. While 3171 of this news is
real news; 3164 is fake news. In the analysis of the study, the Long Short Term Memory (LSTM) model was used together with the
NLP method and the training of the dataset was carried out with this model. As a result, the overall accuracy success from the training
data was 99.83%, and the overall accuracy success from the test data was 91.48%. These results show us that similar studies that we
plan to think about in the future have been promising.

Keywords: Natural Language Processing, Artificial Intelligence, Fake News, Deep Learning, News Classification.
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1. Giris (Introduction)

Gegmis zamandan giiniimiize yanlig bilgiler ve sahte
haberler ¢esitli amaclar1 gergeklestirme dogrultusunda
kullanilmis ve siire¢ igerisinde tartigmalara yol agmustir.
Giintimiizde ise bu durum internet ortaminda daha hizli
bir sekilde hedef kitlelere ulasmaktadir ve etkisi de kisa
bir stirede goriilmektedir. Zaman icerisinde anlik gelisen
bilgilerin  kontrolii  zorlasmaktadir ve internet
ortamlarinda paylasilan bilgi ve haberler ¢ogu zaman
kaynagi belirtilmeden yaymnlanmaktadir. Bu durum
sosyal medya ilizerinden (Whatshapp, Facebook, Twitter
vb.) kitlelere hizli bir sekilde ulagmaktadir ve kitleleri
hizli bir sekilde etkilesime gegirebilmektedir (Unal ve
Taylan, 2017). Haber kaynaklarinin dogrulugunun teyit
edilmesi ve yayinlanmadan 6nce belirli bir olgunluk
seviyesine gelmesi gerektigi habercilik anlaminda etik
ve ahlaki bir kuraldir. Bu kural bazen kisiler tarafindan
bir an 6nce haberlestirme duygusu, hirs, ¢ikar iligkisi,
vb. sebepler 6n plana ¢iktigi zaman bozabilmektedir
(Figdor, 2017).

Bilgilerin ve haber igeriklerinin hizli bir sekilde
dezenformasyon oldugu bir internet ortaminda bu
durumu kontrol etmek zorunluluk haline gelmistir.
Kiiresel diinyada bu siirecin insanlar tarafindan kontrolii
zor ve imkansizdir (Jayaseelan vd., 2020). Bu durumda
insanlarin kontrol mekanizmasini makinelere aktaran bir
sisteme ihtiya¢ duyulmustur ve adin1 yapay zeka denilen
kavram gelismistir. Yapay zeka teknolojisi, insandaki
idrak edebilme, diisiinebilme, karar verme gibi
mantiksal ve duyusal yetenekleri taklit ederek makineler
tarafindan bu eylemlerin gergeklestirilmesini saglar
(Sun vd., 2020). Bu siiregte donanimlari kontrol
edebilen gesitli yazilim dilleri (MATLAB, Python, R
Studio vb.) gelistirilmistir ve bu yazilimlar {lizerinde
yapay zekanin alt bir dali olan derin 6grenme modelleri
(AlexNet, GoogLeNet, ResNet, LSTM vb))
tasarlanmigtir (Dogan ve Tiirkoglu, 2019). Milyarlarca
kullanicinin anlik bulundugu internet ortaminda sahte
haberlerin 6niine gecgebilmek i¢in yapay zeka tabanlt
sistemlerin kullanilmas1 zaruri bir ihtiya¢ haline
gelmistir. Bu c¢aligmada hedefimiz, yapay zeka
teknolojisinin alt dali olan Dogal Dil Isleme (DDI)
yontemini  kullanarak sahte haberlerin tespitini
gerceklestirmektir. Son zamanlarda yapay zeka tabanl
sahte haber tespitini ger¢eklestirmede birgok makaleler
yaymlanmistir. Bu makalelerden bazilar1 incelenirse;
(Kaliyar vd., 2020) ¢aligmasinda, sahte haber tiirlerinin
smiflandirilmasinda FNDNet adin1 verdikleri bir derin
ogrenme modeli gelistirdiler. Onlar, FNDNet modeli ile
birlikte Hiper Parametre optimizasyon yontemini de
kullandilar ve elde ettikleri siniflandirma basarist %
98,36°di. (Altunbey Ozbay ve Alatas, 2020), sahte haber
verilerinin tespiti igin gesitli yapay zeka modellerini
kullandilar. Onlar, ¢calismasinda kullandiklar1 veri setini
farkli oranlarda ayirarak modeller tarafindan egitimi
gerceklestirmiglerdir ve elde ettikleri siniflandirma

basarist % 97,4°di. (S ve Chitturi, 2020) ¢alismasinda,
sahte haber verilerinin tespiti icin DDI yaklagim1 ile
birlikte UKSB modelini kullandilar. Onlarin  bu
calismadan elde ettikleri siniflandirma basarist % 91,
32°di. (Horne ve Adali, 2017) ¢alismasinda, iki sinifl
haber verisini kullanmiglardir. Onlar ¢aligmasinda
Kelime Hesap yontemini kullanarak —analizleri
gerceklestirdiler ve elde ettikleri siniflandirma basarisi
%71'di. (Onan, 2021) calismasinda, kitlesel gevrimigi
kurslardan bireylerin duygu siniflandirilmasini topluluk
O6grenme ve derin 6grenme yaklasimlarini kullanarak
gerceklestirmigtir.  En iyi basarryr UKSB aglar1 ve
GloVe teknigini birlikte kullanarak elde etmistir. Duygu
siniflandirma  siirecinde  %95,80 oraninda genel
dogruluk basaris1 saglamistir. (Yiksel ve Tan, 2018)
calismasinda, sosyal ag veri tabanimi kullanarak
insanlarin  goriiglerini  gercek  zamanli  olarak
yorumlayabilen  akilli  karar  destek  sistemi
onermiglerdir. Onlar ¢aligmasinda ozellik segimi,
gereksiz kelime c¢ikarimi gibi 6n islemleri el ile
gerceklestirmiglerdir. Duygu analizi i¢in Google ara yiiz
uygulamasint kullanmiglar ve Onerdikleri yaklagimi
Ingilizce ve Tiirkce kelimeler igin ayri ayn
uygulamislar. Onlar ¢aligmasinda Tiirkge icin %84,49
ve Ingilizce icin %95 smiflandirma dogrulugu elde
etmisler.

Bu makalenin boliim 6zeti su sekildedir; veri seti ile
ilgili bilgiler ikinci bolimde yer almistir. Derin 6grenme
modelleri ve kullanilan yontemler ile ilgili agiklamalar
ticlincii bolimde yer almistir. Deneysel analizler ve
sonuglar1 dordiincii  boliimde; tartisma ve sonug
boliimleri ise sirastyla son iki boliimde yer almistir.

2. Veri Seti (Dataset)

Veri seti dort siitun 6zellikten olugsmus erisime agik
"csv" uzantili bir dosyadir. Siitun 6zelliklerinde; haber
kimlik numarasi, haber bagligi, haber igerigi ve haber
durumu (sahte, gergek) yer almaktadir. Haber durumu
situnu iki smifli bir haber igerigi oldugunu bize
vermektedir. Haberler 2016-2018 yillar1 arasinda
uluslararasi medyada giindem bulmus internet verilerini
icermektedir ve yazim dili Ingilizce olarak yer
almaktadir. Veri seti, Romanya Akademisi Biyokimya
Enstitiisi'nde gorev yapan arastirmaci Raluca Chitic
tarafindan Kaggle web sitesinde erisime ac¢ilmistir
(Chitic, 2021). 3171 adet gergek haber igeriginden ve
3164 adet sahte haber iceriginden olugmustur. Toplamda
6335 adet haber bashigi ve igerikten olusmustur. Bu
durum ile ilgili ¢ubuk grafigi Sekil 1'de gosterildi. Veri
setinin siitun 6zelliklerini ve 6rnek igeriklerini gosteren
tasarim Sekil 2’de gosterildi. Bu ¢alismanin deneysel
analizinde veri setinin %25°1 test verisi ve %75°1 egitim
verisi olarak ayrildi.
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Sekil 1. Veri setinin istatistik bilgilerini gdsteren ¢ubuk grafigi (Bar graph showing statistics information of the dataset)

Haber No Haber Baslik

3608 Kerry to go to Paris in gesture of sympathy

875 The Battle of New York: Why This Primary Matters

95 ‘Britain’s Schindler’ Dies at 106 A Czech stockbroker who saved more than 650 Je... REAL

4869 Fact check: Trump and Clinton at the 'commande...

2909  Iran reportedly makes new push for uranium con...

8476 You Can Smell Hillary’s Fear

10294 Watch The Exact Moment Paul Ryan Committed Pol

10142 Bemie supporters on Twitter erupt in anger ag...
5903 Tehran, USA
7341 Girl Horrified At What She Watches Boyfriend D...

It's primary day in New York and front-runners... REAL

Hillary Clinton and Donald Trump made some ina... REAL

Google Pinterest Digg Linkedin Reddit Stumbleu.. FAKE

Kaydee King (@KaydeeKing) November 9, 2016 T.. FAKE

Haber Icerik Simf

U.S. Secretary of State John F. Kerry said Mon... REAL

¥od1on)

Iranian negotiators reportedly have made a las... REAL

Daniel Greenfield, a Shillman Journalism Fello.. FAKE

AYES

\nl'm not an immigrant, but my grandparents .. FAKE

Share This Baylee Luciani (left), Screenshot o.. FAKE

Sekil 2. Veri setinin haber siniflarini gosteren drnek icerik semasi (Sample content diagram showing the news classes of the dataset)

3. Derin (")grenme Modeli, Yontemler (Deep
Learning Model, Methods)

3.1. Uzun Kisa Siireli Bellek Modeli (Long Short
Term Memory Model)

UKSB modeli tekrarlayan sinir ag1 (TKA)
modelinden tiiretilmis bir modeldir. TKA modelinin
yapisinda dongiiler vardir ve bu dongiiler sayesinde geri
bildirimler ©nceki ve sonraki katmanlar arasinda
olunabilir. Boylece kisa bilgiler TKA modeli tarafindan
Ogrenilebilir. Ancak uzun siireli bilgiler TKA modeli
icin bir sorundur ve ¢Oziim ic¢in UKSB modeli
tasarlanmistir. UKSB modeli TKA modelinin aksine
tutulmas1 gereken bilgiler tek bir sinir ag1 kullanmak
yerine 6zel ve c¢ok katmanli sinir aglar1 kullanarak
dogrusal etkilesimle calisir. Girdi verileri dogrusal
zincir boyunca kolayca katmanlar arasinda gegis saglar.
UKSB modeli katmanlar arasinda bilgi gegislerini 6zel
kapilar ile gerceklestirir. UKSB modelinde eger bir bilgi
ag yapisinda kullanilacaksa “giris kapilar1” ile bilgilerin
aktarimi saglanir. Eger bilgiler gereksizce veya hafizada
yeterli bir alan olusturulacak ise “unutma kapilar”

kullanilir. UKSB tarafindan “unut ve giris” kapilart
birlestirilecekse bu durumda “giincelleme kapilar1”
kullanilir. Neticede, UKSB modeli TKA modeli gibi
sadece  goriintilleri  kullanarak  bilgi  aktarim
gerceklestirmez; video, ses gibi verilerde de bu islemi
basarili bir sekilde gergeklestirir ve islenen verilerde
“cikis kapilarma” aktararak tahmin, smiflandirma
adimlarin1  gergeklestirir  (Le vd., 2019). UKSB
modelinin iglem adimlarini gosteren tasarim Sekil 3’te
gosterildi.

Veri |_Giris O IC{ﬂqsE O - Bilgi

(Girdi) [ Kept (.) ap1 (Ciktr)

Dongii

Giincelleme

Sekil 3. UKSB modelinin islem adimlarini gdsteren tasarim
(Design showing the process steps of the LSTM model)

Bu c¢aligmada kullanilan UKSB modelinin
katmanlar1 ile ilgili temel bilgiler Tablo 1°de verildi.
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Veri analizi i¢in kullanilan metinsel ifadeler UKSB
modelinin Girdi katmaninda islenir. LSTM katmanlari
ile iglenen veriler yogun bir sekilde elde edilen 6zellikler
Yogunluk katmanma girdi olarak aktarilir. Yogunluk
katmani ise kendi igerisinde aktivasyon fonksiyonlarim
kullanarak (Softmax, ReLU, Sigmoid) (Wang vd., 2020)
¢ikis parametresini  dislirtir ve haber verisinin
smiflandirma olasiligmi ¢ikti olarak aktarir. Biz bu
calismada 1ii¢ aktivasyon fomksiyonunu sirasiyla
Yogunluk katmanlarinda kullandik. Modelin egitiminde
optimizasyon algoritmasi olarak Adam (Bock ve WeiB,
2019) ydntemi tercih edildi ve 6grenme orami ise 10°
segildi.

Tablo 1. UKSB modelinin bu galigmada tercih edilen katman
ve parametre bilgileri (Preferred layer and parameter information of
the LSTM model in this study)

Katman Cikis Sekli Parag;l i}tlgel
Embedding (Girdi) (300, 100) 1,000,000
LSTM (UKSB) (300, 128) 117,248
LSTM (UKSB) 64 49,408
Dense (Yogunluk) 32 2,080
Dense (Yogunluk) 16 528
Dense (Y ogunluk) 1 17

3.2. Dogal Dil Isleme Yéntemi (Natural Language
Processing)

DDI, sosyal medya internet ortamindaki verilerin
anlamli ve istenen bilgilerin dijital cihazlar tarafindan
ogrenilmesini saglayan yapay zeka destekli bir
yontemdir. DDI yontemi akilli uygulamalarda (sohbet
botlari, dil ¢eviri ortamlari, bilgi 6zetleme, spam tespiti,
intihal yazilimlari vb. ) kullanilmaktadir (Ong vd.,
2020). DDI yéntemi 6n islem adimlari olarak; kelime
normalizasyonu, giiriilti azaltma ve nesne standarti
olusturma tekniklerini kullanir. Kelime normalizasyon
tekniginde, ayni kelime kokiinden gelen (6rnegin;
gidiyorum,  gidecek, gittim  vb.)  sdzciikleri
normalizasyonunu  gerceklestirir.  Gliriilti  azaltma
tekniginde; baglag sozciiklerini (ve, veya, ile vb.)
climleler igerisinde tespitini edebilmek ve anlam
karmasasini ortadan kaldirmaktadir. Nesne standart
olusturma tekniginde ise; toplumsal veya dijital
ortamlarda kullanilan kisaltmalarm (6rnegin;  RT:
retweet) anlamlarini tespit eden bir tekniktir. DDI
yontemi 6n islem tekniklerinin ardindan, kelimeleri
olugturan climlelerin 6zne-nesne-yiiklem iliskisini tespit
eden varlik ¢ikarma siirecini gergeklestirir. Bunun
disinda ciimlelerin igerisinde gegen kelimelerin frekans
bilgileri, sayis1 gibi bilgiler de DDI yéntemi ile tespit
edilebilmektedir (Zhou vd., 2020). DDI yénteminin
islem adimlar Sekil 4’te gosterildi.

ON ISLEM VARLIK
ADIMLARI » CIKARMA

Kelime Normalizasyon Ozne — Nesne - Yiiklem

Giiriilti Azaltma
Glove Tekmg:
Nesne Standarts

Sekil 4. Dogal dil isleme yonteminin adimlar1 (Steps of the
natural language processing method)

DDI  yonteminin  adimlari  arasinda  kelime
normalizasyonu, ilk adimi olusturmaktadir. Bu adim
"okudum, okuyorum, okuyacagim" gibi ayni koékten
tireyen kelimelerin normalize olusumu {izerinde
islemler gerceklestirir. Giriiltii giderme adimi genel
olarak ciimlede kullanilan baglaclar (ve, veya, ya da,
ama, vb.) tizerine islemlerin yiiriitiilmesi ile alakalidir.
Bu tiir baglaglar ciimle icerisinde gereksiz
kullanilmaktadir. Bunun tespitinde ciimlelerin genlik
degeri ile baglaglarin genlik degerleri arasinda bir oran
belirlenir. Bu oran sayesinde giiriiltii genliginin artmasi
engellenir (Adali E, 2016). Nesne standart adim1 herkes
tarafindan kabul edilmis kisaltmalarin ( dm: direct
message, rt: retweet, vs.) lizerinde yapilmasi1 6ngoriilen
bir tekniktir. Bu li¢ adimin verilere uygulanmast ile "6n
isleme" siireci tamamlanmig olur ve "Varlik Cikarma"
adimina gecis saglanir. "Varlik Cikarma" adiminda ilk
uygulanacak islem; ciimlenin 6zne, nesne ve yiiklem
kelimelerinin belirlenmesi ve ayirt edilmesidir. Varlik
Cikarma teknigini gerceklestiren, Python dilinde
tasarlanmig agik kaynak kodlu kiitiiphaneler mevcuttur.
Bu ¢aligma i¢in "nltk" kiitiiphanesinin kod parametreleri
kullanildi. Son adimda "Glove" teknigi kullanilarak
verilerin istatistiksel bilgileri, kelime sayisi, yogunlugu,
kelime bulut gosterimi gibi bilgilerin elde edilmesi
saglandi.  Kisacast  "Glove"  teknigi  olasilik
istatistiklerinden yararlanarak veri setinin istatistiksel
bilgilerini vermeye yarar. Bu islemin ger¢eklesmesinde
Esitlik (1)’de ifade edilen matematiksel formiil kullanir.
Bu esitlikte, kelimelerin birlikte bulunma sayimlarinin
matris degeri X ile temsil edilmektedir. X;; degiskeni, i.
kelime baglaminda j. kelimenin kag defa gectigini tablo
halinde gosterimini saglar. V degiskeni, kelime
dagarciginin  boyutunu temsil eder. Son olarak
denklemde kullanilan b degiskeni, 6n ayar degerini
temsil ederken; W degiskeni ise kelime vektorlerini
temsil eder (Pennington, Socher, ve Manning, 2015).

14
J= ) DWW, + b+ by —log Xy (1)

i,j=1

Bu caligmada DDI yontemi olarak Python yazilim
dili kullanild1 ve “nltk” kiitiiphanesi kullanild ve varlik
c¢ikarma iglemlerin gerceklestirilmesinde  “Glove”
teknigi kullanildi. Glove teknigi, kelimelerin vektorel
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olarak gruplanmasini saglayan ve vektor temsillerini
elde edebilmek igin denetimsiz bir 6grenme
gergeklestirmektedir (Pennington, Socher, ve Manning,
2015). Ayrica, bu ¢alismada kullanilmis DDI yontemi
ile ilgili agik kaynak kodlar Python dilinde tasarlandi
(Madz, 2021).

4. Deneysel Analiz (Experimental Analysis)

Calismanin  deneysel analizleri Google Colab
tizerinden gergeklestirilmistir ve kullanilan yazilim dili
Python 3.6’d1. Python kodlarinin tasarlanmasi ve
derlenmesi Jupyter Notebook ara yiizii kullanilarak
gerceklestirildi. Deneysel analizler i¢in karmasiklik
matrisi kullanildu. Karmagiklik matrisinin
hesaplanmasinda kullanilan metrikler ise; Duyarlilik
(Duy), Ozgiilliik (Ozg), Hassasiyet (Has), F-skoru (F-
skr) ve Dogruluk (Dgr)’dir. Bu metriklerin
hesaplanmasinda Esitlik (2) ile Esitlik (6) arasindaki
formiiller kullanildi. Esitliklerde kullanilan degiskenler
ise; Dogru Pozitif (DP), Dogru Negatif (DN), Yanlis
Pozitif (YP), Yanhs Negatif (YN)dir (Demir 2021;
Sertkaya, Ergen, ve Togacar, 2019).

DP

DUy = o @)
. DN
Ozg= DN+YP (3)
_ DP
Has “DP+YP (4)
_ 2xDP

F-skr " 2xDP+YP+YN (5)
Dy — __ DP¥DN

8 P +DN+YP+YN (6)

Deneysel analizde kullanilan veri setinin %25°1 test
verisi olarak ayrildi. Derin 6grenme modeli igin tercih
edilen mini-batch parametresinin degeri 128 segildi.
Mini-batch, egitimin gergeklestirildigi donanimsal
ozellikler ile dogrudan baglantilidir ve bu parametre ile
modelin egitim esnasinda ayni anda ne kadar veri
islenecegini bize verir (Yang vd., 2019). Deneyin
egitiminde tercih edilen devir sayisi 100 segildi. Egitim
verilerinin analizinde elde edilen genel dogruluk
basarist %99,83di ve test verilerinden elde edilen genel
dogruluk oranmi ise %91,48°di. Egitim-test basarisim
gosteren grafik Sekil 5’te gosterildi. Egitim-test kaybini
gosteren grafik ise Sekil 6°da gosterildi. Bu ¢aligmanin
test verilerinin diger analiz sonuglart ise; Duyarlilik
basaris1  %92,76°di, Ozgiillik basaris1  %90,25°di,
Hassasiyet basarisi  %90,09 ve F-skor basarisi
%91,41°di. Analiz hesaplamalarin gerceklestirildigi
karmagiklik matrisi Sekil 7°de gosterildi ve analiz
sonuglar1 ise Tablo 2’de verildi.

100 B
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Sekil 5. Bu caligmanin egitim-test verilerine ait basari
grafikleri (The success graphs of the training-test data of this study)
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Sekil 6. Bu caligmanin egitim-test verilerine ait kayip
grafikleri (The loss graphs of the training-test data of this study)

Tablo 2. Deneyin karmagiklik matrisinden elde edilen analiz sonuglar1 (Analysis results obtained from the confusion matrix of the experiment)

. F-Skr. Duy. Ozg. Has. Dgr. Genel
Model ve Yontem Simif %) %) %) %) %) Dar. (%)
U*;SB Sahte 9141 90,09 92,88 92,76 91,48
DDI 91,48
&
Glove Gergek 9155 92,88 90,09 90,25 91,48
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Sekil 7. Deneysel analiz sonucu elde edilen karmagsiklik
matris grafigi (Confusion matrix graph obtained as a result of
experimental analysis)

Deneyin son asamasinda sahte ve gercek haberlerin
kelime basliklarinin yer aldigi kelime bulut gorseli
olusturuldu. Buradaki amacimiz sahte haberlerin etiket
gorselleri  ile gercek haberin  etiket  gorselini
karsilagtirmakti. Kelime bulutlarmin olusturulmasinda
python yaziliminda yer alan “Word Cloud” parametresi
kullanildi. Kelime bulutlarinin sagladigi yarar, istenilen
anahtar  kelimelerin  okuyucuya gorsellestirilerek
sunulmasidir. Bdylece daha ¢ok okur tarafindan ilgi
¢ekilmesi amacglanmaktadir (Atenstaedt, 2012). Sahte
haberlerin kelime bulut semast Sekil 8’de gosterildi ve
gercek haberlerin kelime bulut semasi Sekil 9°da
gosterildi. Sekil 8 ve Sekil 9 karsilastirildiginda
okuyucu goziine dogrudan etkileyen biiyiik etiketler
birbirinden farkhidir. Bu durum haberlerin sahte ve
gercek olma durumlari ile dogrudan ilgilidir.
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Sekil 8. Sahte haberlerin kelime bulut gésterimi (Word cloud
representation of fake news)
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Sekil 9. Gergek haberlerin kelime bulut gosterimi (Word cloud
representation of real news)

5. Tartisma (Discussion)

Sahte web haberlerinin bilingli veya bilingsiz bir
sekilde sayisinin son zamanlarda artmasi toplumlarda
kaosa kadar siiriiklenebilecek bir problem haline
gelmistir. Bu tiir durumlarda insanlar tarafindan 6nlem
alinmas1 milyarlarca kitlesi olan sosyal ve dijital
medyada oOniine gecilemez bir vaziyettir. Ciinki
saniyesinde kontrol edilmeyen haber hedefindeki
kitlelere hizli bir sekilde yayilabilmektedir. Peki, bu
durumun 6niine nasil gegilir veya nasil minimize edilir?
Aslinda problemin ¢dziimii problemin olustugu
kaynagin kendisindedir. Yani yine ¢6ziim sosyal ve
dijital medyay: kontrol edebilen milyarlarca bilgiyi
anlik bir zamanda siizebilen yazilimlar ile ¢oziilebilir.
Bizde bu yaklagima uyarak c¢alismamizda yapay zeka
tabanli UKSB ve DDI yéntemlerini modelleyerek sahte
haberleri  algilayabilen bir yaklasim  sunduk.
Calismamiza benzer model ile katki sunan bir ¢alismada
(S wve Chitturi, 2020) tarafindan 2018 yilinda
gerceklestirmigtir.  Bu g¢alisma ile ilgili analiz sonucu
Tablo 3°te verildi.

Tablo 3. Benzer yaklagim ile gerceklestirilmis ¢aligmalarin
karsilastirilmas1 (Comparison of studies carried out with a similar
approach)

Test Model

Makale Yil Verisi / ]z)gr)
(%) Yontem 0
( Sreekumar 2020 20 UKSB,DDi 91,32
ve Chitturi)
Bu ¢alisma 2021 25 UKSB, DDI 91,48

(Sreekumar ve Chitturi, 2020) calismasinda “George
Mclintires Fake News” acik erisimli veri setini
(MclIntire, 2017) kullandilar. Onlar, UKSB ve DDIi
yontemlerini modelleyerek sahte haberlerin tespitini
%91,32 oraninda bir basar ile gerceklestirdiler. Onlarin
kelimeler {izerinde 6zellikler ¢ikartarak bu basarty1 elde
ettiler. Ayrica ¢aligmalarinda test verisi orant onlarin
%20°di. Bizim ¢aligmamizda ise bu oran %25°di. Bizim
egitim veri oranimiz onlarin egitim verisi oranina gore
daha diistiktiir; fakat daha iyi performans elde edilmistir.
Bu smiflandirma farkliligt modeller igin secilmis
parametreler ve degerleri ile alakali oldugunu
diistiniiyorum. Ayrica onlarin kullandig1 veri seti sayisi
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bizim kullandigimiz veri setinden diisiiktii. Sonugcta iki
¢alisgmada benzer modeller ile farkli veri seti tiiriinden
yakin dogrulama sonucu almiglardir.

Calismamizin test basarisimi artirmak igin farkl
optimizasyon yodntemlerini de (SGD, Adadelta vb.)
analiz ettik; fakat Adam yontemi ile elde edilen
basarinin iizerinde bir sonug elde edemedigimiz i¢in
diger optimizasyon yontemlerinin sonuglarini analizlere
eklemedik. Bunun disinda UKSB modelinin yogunluk
katman sayisint artirmayr denedik; fakat bu
denememizde basariy1 artirmadigi i¢in en ideal model
katmanlari ile siniflandirmay1 gerceklestirdik.

6. Sonuclar (Conclusions)

Yakin zamana kadar toplumlar gorsel ve basili
medya aracilig1 ile haberleri takip edebilmekteydiler.
Fakat son zamanlarda bu durum sosyal ve dijital medya
iizerinden yiiriitiilmektedir. Haberlerin aktarildigi bu tip
iletisim ortamlarinda hizli bir sekilde bilgiler yayildigi
icin etkisi de biiyiik olabilmektedir. Bu makale ile sosyal
ve dijital medya ortamlarinda sahte haberlerin 6niine
gecebilmek i¢in  yapay zekd tabanli bir analiz
gercgeklestirilmistir. Calismanin amaci sahte haberlerin
tespitinde ileri teknolojik yaklagimlar1 bir arada
kullanarak basarili bir sekilde gergeklestirilmesini
saglamakti. Bizde, UKSB ile beraber DDI yd&ntemini
modelleyerek haber icerikli veri setinin analizini
gerceklestirdik. Egitim verilerinde elde edilen dogruluk
basarisi %99,83’di ve test verilerinden elde edilen
dogruluk basarist %91,48’di. Bu sonuglar bize sosyal
platformlar {izerinde gerceklestirecegimiz g¢aligmalara
umut verici oldu.

Gelecek calismada, Tiirkge haber web sitelerinden
olusturulmus veri setleri iizerinden sahte haberlerin ve
yanlis bilgilerin tespitini farkli yaklagimlar ile birlikte
analizleri gergeklestirilecektir.
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Estimation of High School Entrance Examination Success

Rates Using Machine Learning and Beta Regression Models
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Abstract

Education is the foundation of economic, social, and cultural development for every individual and society as a whole. Students are
accepted to secondary education institutions with the high school entrance examination made by the Ministry of National
Education in Turkey. In this study, the success rates of the students who took the high school entrance examination in
Turkey's 81 provinces in 2019 were handled with the machine learning regression and beta regression model. The present
paper aimed to model, predict, and explain students' success rates using variables such as divorce rate, gross domestic
product, illiteracy, and higher education populations. Support vector regression, random forest, decision tree, and beta
regression model were applied to estimate success rates. Two models with the highest R? value were found to be beta
regression and random forest models. When the prediction errors of beta regression and random forest model were
examined, it seemed to be that the random forest model is relatively superior to the beta regression model in predicting
the success rates. While the beta regression model was the best predictor of the success rates of Canakkale province, the
random forest model predicted the success rates of Ankara well. Also, it was seen that the variables found to be significant
in the beta regression model for success rates were also crucial in the random forest model. It is recommended to use both
the beta and random forest models to estimate the students' success rates.

Keywords: Success rate of exam, Beta regression, Random forest, Classification and regression tree, Support vector regression

Makine Ogrenimi ve Beta Regresyon Modelleri Kullanilarak Lise Giris Siavi

Basar1 Oranlarimin Tahmini

Oz

Egitim, her birey ve bir biitiin olarak toplum i¢in ekonomik, sosyal ve kiiltiirel gelisimin temelidir. Ulkemizde orta 6gretim kurumlarina
Milli Egitim Bakanlig1 tarafindan yapilan lise giris sinavi ile 6grenci kabul edilmektedir. Bu ¢alismada, 2019 yilinda Tiirkiye'nin 81
ilinde lise giris sinavina giren 6grencilerin basart oranlari makine 6grenimi regresyon ve beta regresyon modeli ile ele alinmistir. Bu
makale, bosanma orani, gayri safi yurti¢i hasila, okuma yazma bilmeyenlerin sayisi ve yiiksek 6gretim niifusu sayisi gibi degiskenleri
kullanarak 6grencilerin basari oranlarini modellemeyi, tahmin etmeyi ve agiklamay1 amaglamaktadir. Basari oranlarini tahmin etmek
igin destek vektorii regresyon, rastgele orman, karar agaci ve beta regresyon modeli uygulanmistir. En yiiksek R? degerine sahip iki
modelin beta regresyon ve rastgele orman modelleri oldugu bulunmustur. Beta regresyon ve rastgele orman modelinin tahmin hatalar
incelendiginde, basari oranlarini tahmin etmede rastgele orman modelinin beta regresyon modeline goére nispeten iistiin oldugu
goriilmektedir. Beta regresyon modeli Canakkale ilinin basar1 oranlarinin en iyi yordayicisi iken, rastgele orman modeli Ankara'nin
basar1 oranlarini iyi tahmin etmistir. Ayrica beta regresyon modelinde bagari oranlari i¢in anlamli bulunan degiskenlerin rastgele orman
modelinde de énemli oldugu gériilmiistiir. Ogrencilerin basari oranlarini tahmin etmek igin hem beta hem de rastgele orman
modellerinin kullanilmasi &nerilir.

Anahtar kelimeler: Sinav bagar1 orani, Beta regresyon, Rastgele orman, Siniflandirma ve regresyon agaci, Destek vektor
regresyonu.
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1. Introduction

Education is one of the influential factors that
provide social, cultural, and economic development.
The economic development of a country and the
progress of society take place with qualified workforce.
Realizing this is one of the basic functions of education.
Increasing the level of education is achieved by making
that country more knowledgeable, skilled, and equipped.
The education systems of the countries bring some
political implications and obligations. Developments in
science and technology cause changes in the needs of
individuals. It is possible to train a qualified workforce
that can adapt to the speed of developing technology as
behaviour by innovating countries' education systems.
Through innovations in the educational systems,
countries can raise qualified human power that can adapt
their behaviour to technological developments (MEB,
2018). For this purpose, education programs are
prepared to raise qualified individuals who can solve
problems, think critically, entrepreneurs, and contribute
to society (MEB, 2018). For that purpose, curriculums
are developed to raise individuals who can solve
problems, think critically, and actively contribute to
society. Factors affecting success in education have
always been among the issues that are emphasized. At
the stage of achieving success, the factors affecting this
should be at a level that will create success at the
maximum level to be good.

Measurement and evaluation are crucial in
education systems as in other systems. Different
countries use different variables in student selection for
transition to high schools. It is seen that these variables
are school graduation exams, central selection exams,
school-based selection exams, school grades, and
teachers' opinions (Gir et al., 2013). In Turkey, central
selection exams are held in student selection for
transition to high schools.

In recent years, using machine learning algorithms in
the field of education is a general approach. Abbasoglu
(2020) analysed the effects of middle school students'
demographic characteristics and socioeconomic status
on their year-end general achievement averages using
data mining methods. Gok (2017) estimated the end-of-
term achievement averages of secondary school students
using logistic regression and multi-class machine
learning models. According to the results, both logistic
regression and classification methods successfully
estimate the average success score. Uskov et al. (2019)
examined the machine learning predictions of student
academic performance in STEM (Science, Technology,
Engineering, and Mathematics) education. Abidi et al.
(2019) investigated models for predicting confused
students who try to do homework using ITS (Intelligent
tutoring systems). In their studies, they used naive Bayes
(NB), generalized linear model (GLM), logistic
regression (LR), deep learning (DL), decision tree (DT),
random forest (RF), and gradient boosted trees
(XGBoost) machine learning models. As a result, they

showed that the RF, GLM, XGBoost and DL models
achieved a high accuracy in predicting students'
confusion in the algebra mastery skills in ITS. Using
machine learning algorithms, Al Mayahi and Al-Bahri
(2020) predicted whether university students would pass
a particular course based on previous academic
achievement data. In the study, the accuracy rate of the
model was found to be 87%. Sethi et al. (2019) used
three different machine learning algorithms in the
subject/stream selection of middle school students.
Rebai et al. (2020) investigated the success of secondary
school education in Tunisia with a two-level algorithm.
The study used decision trees and random forest
algorithms to provide input for the data envelopment
analysis (DEA) method. Rajak et al. (2020) applied
different classification machine learning algorithms to
data sets with characteristics such as family education,
father's job, school attendance and calculated the
model's performance. Yousafzai et al. (2020) used
machine learning and data mining methods to predict
students' performance at the secondary education level.

This study aims to show the use of machine learning
in the education area. Machine learning algorithms and
beta regression models were applied and compared to
calculate the success rates of students in the high school
entrance examination. The article is divided as follows:
In section 2, the beta regression and machine learning
algorithms are defined. Section 3 explains the
application of the beta regression model and machine
learning algorithms with success rate data. Finally, a
brief discussion is given in Section 4.

2. Material and Methods

In this section, beta regression and machine
learning methods used to estimate the success rates of
high school entrance examinations are presented

2.1. Beta Regression Model

The beta regression model is widely used to model
variables in the range (0, 1). This model is very flexible
and can be used for random variables such as ratio and
percentage (Ferrari and Cribari-Neto, 2004). It is
commonly used in fields such as education, finance, and
social sciences. (Cepeda-Cuervo, 2015).

The beta density is given by

F(p+q) oo _
f(y;p,q)=#;fq)yp 11-y)9 ! 0<y<1 (1)

Where I' (.) is the gamma function p, ¢>0.

Ferrari and Cribari-Neto (2004) proposed a different
parameterization with u = ﬁ and

p=pr+tq
F(¢)

fy,, ) = ——————=
O D) = (= 09)
O<y<l ,0<pu<land¢p >0 (2)
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y~B(,¢) and E(y) = y, Var(y) = L0
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u is the mean of the response variable, and ¢ can be
interpreted as a dispersion parameter for fixed u.

Let y;,¥,, ..., be independent random variables
eaCh Yt~B(“'t' (bt), t = 1, W, n

gluy) = Z%(=1 X4 B 3)

Where B = (B, Bz, - «vr .-, Bi) T represent unknown
regression parameters. X= (X1, X2, -.Xtx) denotes fixed
covariates g(.) shows the link function, which strictly
monotonic and twice differentiable. The Beta regression
model can use different link functions such as log, logit,
etc. (Diinder and Cengiz, 2020).

2.2. Machine Learning Regression Models

This study used support vector regression, decision
tree, and random forest regression from machine
learning regression models.

a) Support Vector Regression

Support vector machines, which have been
suggested to resolve classification and regression
problems, are supervised learning techniques based on
statistical learning theory and the principle of structural
risk minimization (Vapnik, 1992). Consider the problem
of the set of training data

D= {(x%,y"), ..., (x},y)} with a linear function,

y=(w,x)+Db (@)

The optimum regression function is provided from
the minimum of the function,
Minimize

SIWI? + e X + &) 5)
Constraints

yi — (Wx)) —b < e+
wxi+b—y;<e+ ¥
&5 =0 (6)

where (*) symbolizes both the vector with and
without asterisks. &;, & slack variable and ¢ > 0 is a
penalty parameter (Gunn, 1998). The constrained
optimization problem is then reworded as a dual
problem using Lagrange multipliers aj, aj for each
constraint. Lagrange multipliers are determined by
solving the issue with quadratic programming.
After a;, aj are determined, the optimal weights w and
the base b can be calculated, and the final predictor is
given in the equation (Shokry et al., 2015).

y=2X"@i—a)xi—x) +b (7

b) Decision Tree

Decision tree algorithms are among the most
preferred machine learning techniques because they are
easy to interpret, detect errors, and apply
easily (Kotsiantis, 2011). Breiman et al. (1998)
proposed classification and regression tree (CART). The
R function recursive partitioning (RPART) is an
application of the CART. The RPART programs
construct classification or regression models of a very
general structure using a two-step process; the resulting
models may represent binary trees (Therneau and
Atkinson, 1997). The mean squared error is used for the
split data in the RPART algorithm. MSE for a specific
node is defined as;

1 —
MSE e = mZ(Yi - Ynode)2 (8)

If it is assumed that a binary split on each node on the
tree will be divided into left and right. For each division,

1 —
MSE g, = KZ(}’i ~ Vierr)” )

eft

1 —
MSEright = rZ(Yi - yright)z (10)

ight

For each attribute j, the following formula is calculated,
min(MSEleft + MSEright) (11)

The smallest of the values is chosen. The splits the
dataset recursively, which means that the subsets that
meet a partition are partitioned until they reach a
predetermined expiration criterion (Therneau and
Atkinson, 1997).

¢) Random Forest Regression

The Random Forests algorithm is one of the
ensemble learning algorithms. The ensemble learning
algorithms produce a prediction model by combining
the strong points of a simpler group of fundamental
models (Friedman and Sandow, 2011). The
most widely used ensemble learning  algorithms
are bagging and random forest algorithms. Breiman's
random forest classification is an improved version of
the bagging technique by adding the randomness
feature. The following steps are taken for the random
forest algorithm:

i) Draw n bootstrap samples from the original
dataset.

ii) For each of the bootstrap samples, grow an
unpruned classification or regression tree (CART) is
created.

iii) In random classification, two parameters are
used, namely the number of variables used in each node
(m) and the number of trees to be developed (N) to
determine how best to split. A new estimate is made by
combining the estimates made by the N number of trees
separately. While the class with the majority votes in
classification trees is chosen as the final estimate, for
regression trees, estimation is made by taking the
average of the average votes (Liaw and Wiener, 2002).
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2.3. Evaluation Metrics for Regression models

Commonly used metrics to evaluate forecast
accuracy are the mean absolute error (MAE), the mean
squared error (MSE), the root mean squared error
(RMSE), and the coefficient of determination (R?)
(Uguz, 2019). R? is used to measure the wellness of the
fit by the trained models. A high R? value indicates that
the prediction relationship is good. MAE, MSE, RMSE
are the average error measure, so low values indicate
good performance. The error measures are defined as
follows

MAE = < (Zly; - 91)
MSE=<%(y; — §))

RMSE= [13(y: - )

2 _ 4 29?2
RT=1 2(yi-v)? (12)

3.Results

In this study, the high school entrance examination
data's success rate was used for Turkey's 81 provinces
for (in) 2019. The data obtained are available in URL1-
2-3. The features of the variables are given in Table 1.

Table 1. Description of the variables

Table 2. Coefficients for the Beta regression model with
Cauchit link

Coefficient ~ Estimate Std. z value

Error Pr(>|z|)
(Intercept)  0.0364 0.0884 04120  0.6803
x1 0.2084 0.0593 3.5140 0.0004
X2 0.6004 0.2981 2.0140 0.0440
x3 -0.0769 0.3412 -0.2250 0.8217
x4 0.5315 0.3999 1.3290 0.1839
x5 -0.5964 0.1118 -5.3370  9.44e-08
x6 0.7310 0.2877 -2.5410 0.0110
X7 0.2666 0.1394 1.9120 0.0500

Variable Description

y (response variable) Success rate

X1 Divorce rate

Xy Gross domestic product (GDP-per
city)

X3 The number of illiteracy

X4 Number of higher education
population

X5 Households Internet Access rate

Xg Number of a theatre child audience

Xy Book reading rate

Table 1 shows the description of the response
variable and explanatory variables. The success rate was
obtained as the number of questions answered correctly
to the total number of questions by students who took
the high school entrance examination in 81 provinces.
The explanatory variables were chosen among several
indicators that may have a potential influence on the
success rate.

Beta regression model was applied to success rates.
Choosing the appropriate link function in the beta
regression model can significantly improve the model
(Kog, 2019). In the beta regression model, the
information criteria of different link functions were
examined, and the most suitable link function was the
Cauchit link. When the beta regression model is applied
to the data by selecting the Cauchit link function, the
parameter estimates are given in Table 2. According to
the results in Table 2, it is seen that the variables x1, x2,
x6, and x7 affect the success rate positively and the
variable x5 negatively. The results are consistent with
the literature (Oral and McGivney, 2014; Yavuz, 2020).
Beta regression estimated model is given by

§ = 0.03641 + 0.20837.x1 + 0.60036.x2
—0.59641.x5 + 0.73103.x6
+ 0.26662.x7

One of the methods used to prepare data for analysis
is normalization. The purpose of normalization is to
change the values of humeric columns in the data set to
use a standard scale without breaking the differences in
value ranges or losing information (Han et al., 2005).
After normalization, we separated data to 90% of the
data going to training and the remaining 10% to test.
Shortly, randomly selected data for 73 cities in the data
set are train, and eight cities are test data.

Machine learning algorithms and beta regression
model was applied to train data to calculate success rates
of test data. The analyses were performed using R
software's 3.5.2 version.

Firstly, the support vector was applied. When
applying support vector machine algorithm, it is
essential to determine cost and error parameters. For this
reason, the model with the best performance was
selected after trying 1100 models in the range of error
(0,1) and cost (1,100). The best model was obtained at
error 0.2 and cost 2. Then CART, random forest, and
beta regression model were performed to train data.

We compared the prediction capabilities of the
machine learning algorithm and beta regression model
on the test data.

Model validation for the machine learning was
performed on the test data and the cities randomly
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selected for the test data are extracted out too for the beta
model. Performance measurements are given in Table 3.

Table 3. Performance measurement for models

Performance measurements Eggaression E%L;gggsr;ion ;:g?g;olznor%t CART
MAE 0.0053 0.0603 0.0481 0.0435
MSE 0.0040 0.0055 0.0038 0.0043
RMSE 0.0636 0.0741 0.0617 0.0657
R? 0.5909 0.5400 0.6638 0.5613

Table 3 shows that the random forest regression
algorithm is the best model in machine learning

Table 4. Success rate prediction with models

algorithms. Table 4 shows a comparison between
forecast success rates and actual success rates.

Cities Success rate Beta_predicted Beta_error RF_predicted RF_error
Afyonkarahisar 0.6244 0.6776 0.0532 0.6898 0.0654
Adiyaman 0.6211 0.5143 0.1068 0.5307 0.0904
Ankara 0.7289 0.7799 0.0510 0.7238 0.0051
Bayburt 0.6633 0.6121 0.0512 0.5620 0.1013
Canakkale 0.7533 0.7462 0.0071 0.7341 0.0192
Kahramanmarag 0.6078 0.6244 0.0166 0.6192 0.0114
Van 0.4744 0.5088 0.0344 0.4804 0.0060
Hakkari 0.3800 0.5012 0.1212 0.4405 0.0605

When the estimation errors of beta regression and
random forest models are examined in Table 4, the
random forest model gives less error for five cities. The
RF model seems to be relatively superior to the beta
regression model in predicting success rates.

In the beta regression model, x1, x2, x5, x6, and x7
variables were found to have a significant contribution
to the model. When a random forest algorithm is applied
to data, the order of importance of variables is given in

Figure 1.

Figure 1. Random forest features importance
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When we look at Figure 1, it is seen that the coefficients
that are significant for the beta regression model are also
important in the RF model. According to the RF model,
the three most important variables were x2, x1, and x7.

4. Conclusion and Discussion

Education is one of the most significant elements
that shape the future of society. Nowadays, the
application of machine learning, which has successful
applications in many fields, is a very favoured approach
in education.

In this study, firstly, the beta regression model was
used in 81 provinces of Turkey to determine the factors
affecting the students who took the exam in 2019.
According to the beta regression model, it is seen that
the variables of divorce rate, GDP, household’s internet
access rate, number of theatre child audience, and book
reading rate affect success rates. These results are very
consistent with the literature (Ozeren et al. 2020;
Comlekciogullari, 2020). Then the data set was
separated into train (73 cities) and test (8 cities). SVR,
RF, CART, and beta regression models were applied to
train data to calculate the success rates of test data. The
two models with the highest R? values were R?=0.5909
for beta regression and R?= 0.6638 for the RF model.
Also, it is seen that the best model is RF with the
smallest MSE = 0.0038 among machine learning
algorithms.  When the prediction errors of beta
regression and random forest model are examined, it is
seen that the RF model is relatively superior to the beta
regression model in predicting the success rates (Kikawa
etal., 2020). While the beta regression model predicted
the success rates of the best Canakkale province, the RF
model predicted the success rates of Ankara. Besides,
variables significant in the beta regression model appear
to be important in the RF model. According to the RF
model, the three most important variables were found as
"GDP," "divorce rate,” and "book reading rate,"
respectively. The limitation of this study is that the data
of LGS exam results for 2020 are still not disclosed in
Turkey due to Covid-19. These two models are likely to
provide a scientific basis for predicting students 'high
school entrance examination success rates for all
provinces in the following years.
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Yagis tahmini basta hava tahmincileri, tarim ve ziraatla ugrasanlar olmak tizere tiim herkesi ilgilendiren 6énemli bir konudur. Son
yillarda biiyiik ivme yakalayan yapay zeka ve makine 6grenmesi uygulamalar1 diger bir¢ok alanda oldugu gibi yagis tahmininde de
tatbik edilmekle beraber yiiksek dogruluklu yagis kestirimi yapmak hala zorlu bir gorev olarak karsimizda durmaktadir. Son yillarda
etiklerini daha fazla hissettigimiz iklim degisikligi nedeniyle olusan yag1s rejimindeki degisiklikler bu zorlu gérevi daha da zorlu hale
getirmektedir.

Bu caligmada veri seti iizerinde 5 farkli kategoriden 10 adet simiflayici algoritma uygulanarak elde edilen performanslar
kargilagtirilmistir. Aragtirmada ayrica ana veri setinden bazi parametreler ¢ikarilarak farkli senaryolar olusturulmus, her bir senaryo
icin siniflama algoritmalar1 uygulanarak performanslarindaki degisimler gézlemlenmistir. Arastirma sonucunda tiim senaryolar géz
6niine alindiginda Fonksiyonlar kategorisi dort senaryodan tigiinde en basarili kategori olmus ve en iyi performansa sahip smiflayicinin
da bu kategoriden MLP (Cok Katmanli Yapay Sinir Ag1) smiflayicisi oldugu ortaya ¢ikmustir. Arastirmada ayrica olusturulan
senaryolar i¢in en yiiksek ortalama dogruluk oranlarinin %83,4 ila %84,8 arasinda degistigi goriilmiistiir. Bu durum, veri setinden bazi
parametrelerin ¢ikarilmasinin sonuca biiyiik oranda etki etmedigini gostermektedir. Elde edilen bu sonuglar, makine 6grenmesi
yontemlerinin yagisin varliginin kestirimi konusunda iyi derecede performans sagladigini ve bu amagla kullanilabilecegini gostermistir.

Anahtar kelimeler: Yagis Kestirimi, Smiflandirma Algoritmalari, Weka, Yapay Zeka, Makine Ogrenmesi, Performans
Karsilagtirmast

Performance Comparison of Classification Algorithms in Rainfall Prediction

Abstract

Predicting rainfall is important issue that concerns everyone especially weather forecasters, farmers and those who work in agriculture
sector. Although artificial intelligence and machine learning applications, which have gained great momentum in recent years, are
applied in precipitation forecasting, as in many other areas, it is still a challenging task to make high-accuracy rainfall prediction.
Changes in the precipitation regime due to climate change, the effects of which we have felt more and more in recent years, make this
difficult task even more challenging.

In this study, the performances obtained by applying 10 classifier algorithms from 5 different categories on the data set were compared.
In addition to that, different scenarios were created by removing some of the parameters from the original data set and the performance
differences of the classification algorithms for each of the scenarios were noted. The results have shown that the Functions category
was the most successful category in 3 of the 4 scenarios and MLP (Multi Layer Perceptron) algorithm which belongs to that category
was the most successful classifier with the rate of 84.4%. Also, highest accuracy rates were between 83.4% and 84.8% considering all
four scenarios. This shows that removing some of the parameters from the original parameter set does not have a significant impact on
the classification accuracy. The study results have shown that machine learning techniques achieved good performance in predicting
rainfall and could be used for that purpose.

Keywords: Rainfall Prediction, Classification Algorithms, Weka, Artificial Intelligence, Machine learning, Performance Comparison
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1. Giris (Introduction)

Su, tiim canlilarin hayatinda vazgegilmez bir 6neme
sahiptir. Su ayni1 zamanda tarim ve zirai faaliyetler igin
de stiphesiz ¢ok 6nemli bir yere sahiptir. Bu nedenle su
yeryliziinde en énemli dogal kaynaklardan biridir. Son
yillarda etkilerini daha fazla gordiigiimiiz kiiresel iklim
degisikligi nedeniyle yagislarda diizensizlik meydana
gelmistir. Bunun neticesinde ise yagiglarda genel olarak
azalma, kuraklik ve bazen de kisa siireli asir1 yagis
nedeni ile seller ve su tagkinlart meydana gelmektedir.
Tim bunlar, degisen yagis rejimin Oriintiisiinii daha
yakindan analiz etme ve beklenmeyen asir1 yagis
nedeniyle meydana gelebilecek dogal afetleri 6nleme
noktasinda yagis tahmini konusunu 6nemli bir hale
getirmistir. Bu nedenle  ginimiiziin  bilgi
teknolojilerindeki gelismelere paralel olarak yagis
tahmini konusu 6zellikle makine 6grenmesi ve yapay
zeka disiplinlerinin ve alanlarda c¢alisan arastirmacilarin
da ilgisini ¢eken bir arastirma konusu haline gelmistir.

Gegmis yiizyillardan giinimiize dogal ve teknik
bilimlerin degisim ve gelisimi deneysel ¢alismalar ve
dogal olaylarin modellenmesi ile yakindan iliskilidir. Bu
degisim ve gelisim neticesinde ise dogaya dair bilginin
temel kaynaginin sadece ol¢iimlerin olabilecegi ve ayni
zamanda dogal olaylarin Ozelliklerin de olgiilen
gozlemler arasindaki iligskiler ile agiklanabildigi
temellerine dayanan fiziksel kesif kavraminin temelleri
ortaya cikmistir (Soucek, 1992). Doga olaylarinin
fiziksel tasvirinin en 6nemli 6zelligi; eger iki degisken
arasindaki iliski biliniyorsa bilinmeyen bir 6zelligin
veya degiskenin iliskili oldugu diger oOzellik veya
degisen aracihigi ile nicel olarak kestirilebilmesidir.
Degiskenler arasindaki iliskilerin matematiksel soyut
modeller olarak veya fizik kanunlar1 seklinde ifade
edilebiliyor olmasi ¢éziimlemeli bir arastirma i¢in en
uygun olanidir, fakat uygulama i¢in mekanik veya
elektriksel gibi diger baz1 modeller bu amag i¢in daha
uygun olabilir (Grabec, 1990). Bilgi isleme ve makine
ogrenmesi konusundaki son yillardaki geligmeler,
bilimsel gelisim ve evrimin geleceginin, dogal olaylarin
modellerini  kendileri  gelistirip  degistiren  zeki
sistemlerin gelistirilmesi yoniinde olacagi goriisiinii ve
beklentisini artirmigtir (Dibike ve Solomatine, 2001).

Yagis tahmini en zorlu gorevlerden biridir. Bu
konuda onerilen birgok algoritma olmasina ragmen
yagist yiiksek dogrulukla tahmin etmek hala oldukca
zordur. Ziraatin 6nemli 6nemli oldugu tilkelerde her yil
tiretilen tahil miktar1 ve su kitligi her zaman biiyiik bir
ilgi ile takip edilmektedir. Yagis miktarindaki
mevsimsel ufak dalgalanmalar bile ziraat sektoril
iizerinde biiyiik ve yikici etkilere sebep olabilmektedir.
Yagigin dogru tahmininin ayrica dogal afetlerin neden
oldugu can kayiplarin1 ve maddi zararlar1 6nleme
konusunda potansiyel faydalar1 vardir. Taskin ve
kuraklik gibi bazi 6zel durumlarda yiiksek dogruluklu
yagis tahmini zirai yonetim ve dogal felaketleri 6nleme
agisindan olduk¢a 6nemlidir (Shoba, 2014).

Yagis tahmini aym1 zamanda sel baskinlarinin
Oonlenmesi ve ayrica su kaynaklarinin yonetimi
konusunda yardimci olur. Yagigin zamanlamasi ve
miktar1 zirai hasat konusunda belirleyici unsur
olabilmektedir. Bu nedenle yagisa dair 6nceden bilgi
sahibi olunmasi hem ziraatla ugrasanlara hem de karar
verici konumundakilere zirai hasarin azaltilmasi
konusunda yardimci olabilir.

Bu caligmada tiim canlilar icin biiyiik 6neme sahip
yagisin varhigi farkli makine ogrenmesi metotlart
kullanilarak tahmin edilmeye c¢alisilmigtir. Ayrica
aragtirmada kullanilan makine 6grenmesi metotlarinin
yagis tahminindeki basart oranlarinin ¢esitli metrikler
kullanilarak karsilastirilmast da arastirmanin bir diger
odak noktasini olusturmaktadir.

2. Makine Ogrenmesi Teknikleri ile Yagis
Tahmine Yonelik Onceki Calismalar
(Previous Study)

Makine oOgrenmesi teknikleri kullanarak yagis
tahmini yapmaya yonelik olarak farkl yerli ve yabanci
aragtirmacilar tarafindan yapilmis birgok arastirma
bulunmakla birlikte bu arastirmalarin farkli makine
O6grenmesi metotlarinin  kargilastirilmasima  yonelik
olmaktan ziyade az ve sabit sayida girdi parametre seti
tizerinde belirli bir veya birka¢ makine 6grenmesi
tekniginin (Or. yapay sinir aglari Veya agac yapili
smiflayicilar)  uygulandigt  aragtirmalar  oldugu
goriilmektedir. Yapilan bu arastirmada ise ¢ok sayida
(10) makine &grenmesi metodu yagis tahminin etki
edecegi diisiiniilen yeterli sayida meteorolojik parametre
setine uygulanarak tahmin performanslari
kargilagtirilmis ve ayrica parametre setinden bazi
parametreler ¢ikarilarak olusturulan farkli senaryolar
igin algoritmalarin basarimlarindaki farklar
gozlemlenmistir. Asagida makine 6grenmesi metotlar
kullanilarak yagisin tahmin edilmesine yonelik bazi
aragtirmalar ve sonuglar1 hakkinda 6zet olarak
deginilmistir.

Uzunali tarafindan 2019 yilinda yapilan bir
aragtirmada Kandilli Rasathanesi ve Deprem Arastirma
Enstitiisti Miidiirligiiniin, Kandilli Bolgesine ait Ocak
1918 ile Aralik 2018 yillart arasindaki 100 yillik veri
arsivi kullanilarak, onceki yillara dayali olarak, son
yillarin ortalama yagis degerlerinin tahmini yapilmistir.
Aragtirmada yontem olarak Yapay Sinir Ag1
yontemlerinden ~ANFIS  (Adaptive  Neuro-Fuzzy
Interface System, Uyarlamali Bulanik Ag Cikarim
Sistemi) modeli kullanilmigtir. Arastirma sonucunda
zaman serisi bi¢cimindeki geg¢mis yillara ait yagis
verilerini tek bagina anlamlandirabilmek ne kadar zor
olsa da veriyi yapay zekd yontemlerini uygulayarak
kullandigimizda, bu verinin anlamlandirilmasinda
basarili sonuglar alinabilecegi gézlemlenmistir.

Xiao ve Chandrasekar tarafindan 1997 yilinda
yapilan c¢alismada ise YSA kullanilarak radar
gozlemlerinden yagis tahmini yapilmistir. Bu amagcla
gelistirilen YSA modelinde girdi verisi olarak radar
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gozlemleri; ¢ikti olarak ise yagis Olgcer (rain gage)
Ol¢iimleri kullanilmigtir. Aragtirmada yagis tahmini i¢in
YSA tekniginin yani sira reflektivite-yagis miktari (Z-R
iliskisi) ve reflektivite, diferansiyel reflektivite ve
spesifik yayihm (propagation) gibi ¢oklu parametreli
Ol¢tim denklemleri teknikleri ile de ayni verilerle yagis
tahmini yapilmigtir. Sonuglar karsilagtirildiginda YSA
kullanilarak elde edilen yagis tahminlerinin diger
tekniklerle elde edilen yagis tahminlerinden daha iyi
oldugu goriilmiistiir.

Rani ve Govardhan, ¢ok Katmanli Algilayicil
Yapay Sinir Ag1 (MLPNN) kullanarak yagis tahmini
calismasi yapmuslar ve elde ettikleri sonuglart ARIMA
teknigi  kullanilarak  bulunan sonuglar ile
karsilagtirmiglardir. Arastirmacilar sonug olarak geri
beslemeli algoritmasinin en iyi sonucu verdigini
belirtmiglerdir.

Kannan, Prabhakaran ve Ramachandran 5 yillik
yagig verisi i¢in Pearson katsayisi hesaplamislar ve
regresyon vyaklasim: ile yagis tahmini kestirimi
yapmislardir. Yagis tahmini kestirimi i¢in ¢oklu
dogrusal  regresyon  yonetmini  kullanmislardir.
Arastirma sonucunda gercek yagis degerleri hesaplanan
yagis degerlerinden daha diisiik ¢ikmistir. Sonuglara
gore elde edilen modelin dogrulugu c¢ok yiiksek
olmamakla birlikte kestirimi yapilan degerlere yakin
degerler elde edilmistir.

Soo-yeon, Sharad, Byunggu ve Dong (2012) yagis
tahmini icin CART ve C4.5 karar agaci tekniklerini
onermislerdir. Yaptiklari calismada yagisi tahmin etmek
icin Oncelikle yagis olasiligi belirlemisler; eger yagis
olasilig1 var ise yagis tahmini yapmiglardir. Bu amagla
calismalarinda riizgar hizi, riizgar yondi, ani riizgar, nem,
sicaklik, buharlagma, gilines 1sinimi, riizgar sogutma
endeksi, ¢iy noktasi, basing irtifasi, bulut tabani, hava
yogunlugu, doymus buhar basincindan olusan 13
degisken kullanmislardir. Onerilen model herhangi bir
bolgedeki yagis olasiligini ve saatlik yagis miktarini
zaman agisindan etkili bir sekilde tahmin edebilen
yararlt bir model olmustur. Yagis olasiligini tahminde
CART algoritmasinin %99,2 ve C4.5 algoritmasinin da
%99.,3 oraninda basarili oldugu goriilmistir. Saatlik
yagis miktart tahmininde ise CART ve C4.5
algoritmalarinin dogruluk oranlar1 sirasiyla %92,8 ve
%93,4 olmustur.

Sangari ve Balamurgan yagis tahmini konusunda K-
En Yakin Komsu (KNN), Naive Bayes, Karar Agaglari,
Yapay Sinir Aglar1 ve Bulanik Mantik gibi farkli veri

madenciligi tekniklerini karsilastirmiglardir.
Arastirmacilarin kullandiklar1 farkli makine 6grenmesi
tekniklerinin yagis tahmini konusundaki

performanslarini da kargilagtirdiklari caligma sonucunda
yapay sinir aglarmin %85,77 orani ile en iyi tahmin
dogruluguna sahip oldugu ortaya konmustur.
Suhartono , Dwi , Bambang, Sutikno ve Heri
Endozya’nin Pujon ve Wagis bolgeleri i¢in yaptiklar
caligmada aylik yagig tahmini i¢in ANFIS (Adaptive
Neuro Fuzzy Inference System) ve ARIMA
(Autoregressive  Integrated  Moving  Average)

metotlarina dayanan bir grup (ensemble) metodu
onermislerdir. Calismada ARIMA, ANFIS ve bunlarin
bilegskesinden olusan grup (ensemble) metotlarmnimn
dogruluklarini kargilagtirmak amaciyla iki ampirik yagis
veri seti kullanilmig ve sonug olarak ANFIS ve ARIMA
metotlarinin tek bagmma grup (ensemble) metodundan
daha basarili sonug verdigi goriilmiistiir. ANFIS metodu
calisma alam olarak belirlenen iki alandan biri i¢in daha
basarili sonug verirken ARIMA metodu diger alan icin
daha basarili tahmin basaris1 gdstermigtir. 1975-2010
yillar1 arasina ait verilerin kullanildig1 ¢alismada sonug
olarak ANFIS veya ARIMA metotlarinin tek bagina
kullanilmasimin daha basarili sonuglar verdigi ve
karmagik metotlar olan bileske (ensemble) modellerin
ise her zaman basit modellerden daha basarili sonug
vermeyecegi ortaya konmustur.

3. Arastirma Alam ve Veriler (Study Area
and Data)

3.1. Otomatik meteorolojik gozlem istasyonu
(Automatic meteorological observation station)

Arastirmada kullanilan yagis verileri Meteoroloji
Genel Midiirligi (MGM) 17130 no’lu yagis gozlem
istasyonuna ait veriler olup MGM veri tabanindan temin
edilmistir. Bu yagis istasyonu, Kalaba Mahallesi Hali¢
Sokak Kegioren/Ankara’da bulunan Meteoroloji 9.
Bolge Midiirligli yaninda 6l¢lim  yapmaktadir.
39°5821.0" kuzey enleminde ve 32°51'50.0" dogu
boylaminda yer alan istasyonun bulundugu rakim 883m
ve rasat tiirii mm’dir.

Sekil 1. Verilerin elde edildigi otomatik meteorolojik gbzlem
istasyonunun konumu (The location of meteorological observation
station where the data were obtained from)

3.2. Calisma bolgesi bilgileri (Study area)

Bu calismaya konu olan Ankara ili, Tiirkiye
niifusunun yaklasik %7 sine ev sahipligi yapmaktadir.
Koppen (1968) iklim smiflamasina gore BSk iklim
tipine sahip Ankara, y1llik ortalama sicaklig1 18,0°C*den
diisiik, yaz kurakligimin bulundugu yar1 kurak bir iklime
sahiptir (Akman, 1990). Ankara ili, yenilenebilir su
potansiyelleri birbirlerinden farkli olan su havzalar
iizerinde yayilim gostermektedir. Artan sanayilesme,
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kentlesme ve tarimsal aktivite ile birlikte kiiresel iklim
degisikligi Ankara ili su kaynaklar1 iizerindeki
antropojen baskiy1 arttirmaktadir (Kale, 2020).

Ankara ili idari simrlari, alansal olarak %70,6
oraninda Sakarya Havzasi, %20,8 oraninda Kizilirmak
Havzasi, %8,4 oraninda Konya Kapali Havzasi ve %0,2
oraninda Bat1 Karadeniz Havzasi sinirlari igerisinde yer
almaktadir (Sekil 2). S6z konusu havzalar sirasi ile
Tiirkiye yenilenebilir su potansiyelinin %3.44, %3.48,
%2.43 ve %5.34’{ine ev sahipligi yapmaktadir (Ozis,
Barant, Durnabasi ve Ozdemir, 1997; Kale, 2020).
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Sekil 2. Ankara ili su havzasi haritasi (Ankara province water
basin map)

3.3. Veriler(Data)

Calismada kullanilan veriler, Meteoroloji 9. Bolge
Midiirliigii’ne ait 17130 no’lu Otomatik Meteorolojik
Gozlem Istasyonuna (OMGT) ait 2010-2020 yillar: arasi
giinliik olarak kaydedilen ortalama aktiiel basing,
ortalama sicaklik, ortalama nispi nem ve toplam yagis
parametrelerine ait 3992 adet gozlem verisinden
olugmaktadir. Veri setinde yer alan meteorolojik gézlem
parametreleri basing, sicaklik, riizgar hizi, riizgar yoni,
iki glin Oncesine ait nem, bir giin Oncesine ait nem,
mevcut giine ait nem, iki giin dncesine ait yagis bilgisi
(var/yok), bir giin dncesine ait yagis bilgisi (var/yok),
mevcut giine ait yagis bilgisi (var/yok) seklinde se¢ilmis
ve Weka aracinda islenmek {izere bu araca 6zgii ARFF
(Attribute-Relation File Format) dosya bi¢imi seklinde
diizenlenmistir. ARFF dosya bi¢imine doniistirme
isleminde Python dilinde kisa bir program yazilarak
Meteoroloji Genel Miidiirligii arsivinden her bir
parametre (sicaklik, basin, nem, yagis, vs.) igin ayr1 ayri
metin dosyasi seklinde elde edilen veriler bu program
yardimiyla ¢esitli islemlerden gegcirilmis ve sadece
gerekli bilgiler bu dosyalardan ¢ekilerek tek bir ARFF
dosyasinda birlestirilmistir. Bu parametrelerden basing
hPa cinsinden, sicaklik °C cinsinden, riizgar hizi m/sn
cinsiden, riizgar yonii olasi tim 16 yon isim
kisaltmalarindan (E, W, N, S, NW, NE, SW, SE, ENE,
ESE, WNW, WSW, NNW, NNE, SSW, SSE) ve son
olarak nispi nem % cinsinden MGM veri tabaninda yer
almaktadir ve bu birimler cinsinden veri tabanindan

cekilmistir. Arastirmada kullanilan veriler bu arastirma
icin  MGM arsivinden elde edilmis veriler olup daha
once bagka herhangi bir arastirmada kullanilmamastir.

Veriler, smiflayicilara girdi olarak kullanilmadan
once veri 6n isleme isleminden gegirilerek eksik veriler
ayiklanmig ve geriye 3992 adet girdiden olusan ¢aligma
veri seti kalmigtir. Veri ayiklama isleminden sonra
niimerik tipte olan basing, sicaklik, nem, riizgar hizi
verilerine verilerini 0-1 arasinda degerlere doniistiiren
min-max normalizasyon islemi uygulanmistir. Bu
amacgla Weka aracinda “Preprocess” sekmesinde yer
alan Filtrelerden Unsupervise -> attribute baslig: altinda
yer alan “Normalize” filtresi bahsi gegen bu niimerik
veriler {izerinde uygulanarak veriler normalize
edilmistir.

4. Ampirik Calisma (Empirical Study)

Arastirmada ilgili analizleri yapmak i¢in acik kaynak
kodlu bir makine 6grenmesi yazilimi olan ve 1997
yilinda Yeni Zelanda’daki University of Waikato
tarafindan gelistirilen WEKA (v3.8.5) yazilim
kullanilmistir. WEKA, makine 6grenmesi konusunda en
yaygin kullanilan  yazilim araglarindan  biridir.
Baslangigta C dili kullanilarak gelistirilen WEKA daha
sonra Java dili kullanilarak yeniden yazilmigtir. WEKA,
makine 6grenmesi problemlerinin ¢oziimiine yonelik
pek ¢ok farkli makine O6grenmesi algoritmasi igerir.
WEKA ayrica veri On-igleme, regresyon, siniflama,
kiimeleme, birliktelik kurallari, nitelik degerlendirme ve
goriintiileme amaciyla kullanilabilecek pek ¢ok araca da
sahiptir. Bununla beraber bu ¢alismada Weka yazilimin
sahip oldugu simiflayici algoritmalardan sadece bazilari
secilerek kullanilmustir.

Arastirmada kullanilan tiim makine O6grenmesi
teknikleri performans agisindan kolay ve dogru
kiyaslanabilmeleri i¢in sadece Weka araci kullanilarak
uygulanmiglardir. Weka araciligi ile galisma veri seti
lizerinde aragtirma igin  segilen  simiflandirma
algoritmalar1 uygulanma asamasinda Oncelikle Weka
“Classify” sekmesinde yer alan “Test options”
kismindan veri setinin varsayilan oran olan %66
6grenme (training) veri seti ve kalan %34’liik kismimin
da test verisi olarak ayrilmasi ve siiflandirmanin bu iki
veri seti {izerinde uygulanmasi saglanmistir. Bu iglem,
tim 10 smiflayict algoritma igin algoritmalar
uygulanmadan 6nce ayr1 ayr1 yapilmistir.

Arastirmada mevcut girdi parametreleri olan basing,
sicaklik, riizgar siddeti, nem ve yagis parametrelerinin
birbirleri ile olan iliskilerini kaybetmeyecek sekilde bu
parametrelere ilave olarak 1 ve 2 giin 6nceki nem ve
yagis verileri de girdi parametreleri setine eklenmistir.
Girdi parametreleri arasindaki korelasyon iligkisi Tablo
1.’de verilmistir.

Aragtirmada smiflandirma algoritmalarina girdi
olarak verilen Weka ARFF dosyasindaki parametre
isimleri ve birimleri su sirasiyla sekildedir:

1. Basing (hPa)
2. Sicaklik (°C)
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3. Riizgar siddeti (m/sn)

8. Yagis-2 (2 gilin Oncesine yagis Dbilgisi

4. Riizgar Yonil (E, W, N, S, NW, NE, SW, SE, (var/yok))
ENE, ESE, WNW, WSW, NNW, NNE, SSW, 9. Yagis-1 (1 gilin Oncesine yagis bilgisi
SSE) (var/yok))
5. Nem-2 (2 giin 6nceki nem degeri (%)) 10. Yagis (Kestirimi yapilacak ¢ikti parametresi
6. Nem-1 (1 giin 6nceki nem degeri (%)) (var/yok))
7. Nem (Mevcut giine ait nem degeri (%))
Tablo 1. Parametreler arasi korelasyon iligkisi (Correlations among parameters)
B S R.S N-2 N-1 N Y-2 Y-1 Y
B 1 -0,33 -0,15 0,09 0,05 0,08 -0,26 -0,26 -0,13
S -0,33 1 0,27 -0,73 -0,69 -0,66 -0,11 -0,06 -0,05
R.S -0,15 0,27 1 -0,25 -0,24 -0,25 -0,04 -0,03 -0,04
N-2 0,09 -0,73 -0,25 1 0,85 0,73 0,37 0,25 0,12
N-1 0,05 -0,69 -0,24 0,85 1 0,85 0,25 0,37 0,25
N 0,08 -0,66 -0,25 0,73 0,85 1 0,19 0,25 0,37
Y-2 -0,26 -0,11 -0,04 0,37 0,25 0,19 1 0,16 0,09
Y-1 -0,26 -0,06 -0,03 0,25 0,37 0,25 0,16 1 0,16
Y -0,13 -0,05 -0,04 0,12 0,25 0,37 0,09 0,16 1
Tabloda 1.’de B basing, S sicaklik, R.S riizgar 4.1.1. BayesNet
siddeti, N-2 iki giin 6nceki nem, N-1 bir giin 6nceki

nem, Y-2 iki giin dnceki yagis, Y-1 bir dnceki giin yagis
ve Y bulunulan giiniin yagis parametresini ifade
etmektedir. Tablo 1. incelendiginde nem
parametrelerinin kendi aralarinda en yiiksek korelasyon
degerlerine sahip oldugu goriilmektedir. Tiim tablo
icerisinde ise mevcut giine ait nem (N) ile bir dnceki
giine ait nem degerinin en yiiksek korelasyon degerine
(0,85) sahip oldugu goriilmektedir. Yine ayni tablodan
sicaklik (S) ile nem parametreleri (N, N-1, N-2) arasinda
yiiksek sayilabilecek oranda ayn1 yonlii bir iliski oldugu
goriilmektedir. Bunun yaninda basing (B) parametresi
ile yagis parametrelerinin (Y, Y-1, Y-2) diger
parametrelerle korelasyon iligkisinin genel olarak diigiik
oldugu Tablo 1.’den goriilebilir.

4.1. Swuflandirma algoritmalar: (Classification
algorithms)

Yagis varligi kestirimi icin Weka aracinda yer alan 5
adet ana siniflayici kategorilerinin her birinden en az bir
tane olmak iizere toplam 10 adet siniflayict segilerek
calisma veri seti lizerinde uygulanmistir. Bu simiflayict
algoritmalar ve bulunduklar1 kategoriler (parantez
icinde) sunlardir:

- Bayes (BayesNet, NaiveBayes)

- Fonksiyonlar (MultiLayerPeceptron, SMO)
- Lazy (IBK)

- Kaurallar (DecisionTable, JRip, OneR)

- Agag (J48, NBTree)

Asagida alt bagliklar halinde bu siniflayicilara dair 6zet
bilgiler verilmistir.
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BayesNet, Bayes aglarin1 Ozniteliklerin nominal
olmast ya da eger niimerik iseler de Onceden
ayriklastirildiklar1 (prediscretized) ve ayrica eksik veri
olmamasi (eger eksik veri varsa da bunlar global olarak
degistirilir) 6n kabulii ile 6grenen bir algoritmadir. Agin
kosullu olasilik tablosunu tahminde iki farkli kisim
bulunmaktadir. Bu arastirmada BayesNet
SimpleEstimator kullanarak; K2 arama algoritmasi ise
ADTree algoritmasi kullanilmadan ¢aligtirilmistir (John
ve Langley, 1995). Arastirmada BayesNet Algoritmasi

su  Weka  parametreleri ile  uygulanmstir:
estimator=SimpleEstimator-A 0.5;
searchAlgorithm=K2 -P 1 -S BAYES;
useADTree=False
4.1.2. NaiveBayes

NaiveBayes smiflandiricisi, olasilikli  bilginin

6grenilmesi ve temsil edilmesi i¢in temiz anlamsalliga
(semantik) sahip basit bir yaklagim sunar. Algoritmanin
naive yani saf (naif) olarak adlandirilmasinin sebebi;
belirli bir sinifa ait tahmin edici 6zniteliklerin (attribute)
kosullu olarak (belirli bir smifa ait olmalar1 kosulu)
bagimsiz olmasi ve gizli ve ortiik 6zniteliklerin tahmin

islemini etkilemeyecegi seklindeki iki varsayima
dayaniyor olmasindan kaynaklanmaktadir (John ve
Langley, 1995). Arastirmada kullanilan Weka
NaiveBayes algoritma  parametreleri  sunlardir:
useKernelEstimator=False;
useSupervisedDiscretization=False
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4.1.3. MultilayerPerceptron (MLP)

MultilayerPerceptron, geri yayilim
(backpropagation) algoritmasi kullanarak verileri
smiflandiran bir siiflandiricidir. Bu yapay sinir agi elle,
algoritma ile ya da her ikisi kullanilarak olusturulabilir.
Olusturulan ag egitim sirasinda gézlemlenebilir ya da
iizerinde degisiklikler yapilabilir. Bu agda, sinifin
sayisal tiirde olmadig1 durum haricinde tiim diigiimler
sigmoid fonksiyona sahiptir. Simif 6zniteliginin sayisal
(niimerik) olmasi durumunda ise ¢ikt1 diigiimleri belirli
bir egige sahip olmayan lineer birimler olurlar (George-
Nektarios, 2013). Arastirmada MLP algoritmasi igin
kullanilan Weka parametreleri sunlardir:
hiddenLayers=a; learningRate=0.3; momentum=0.2;
seed=0; trainingTime=500; validationSetSize=0;
validationThreshold=20

4.1.4. SMO

SMO, bir destek vektor siniflandiricisinin egitimi
icin polinom veya Gauss cekirdeklerini (kernels)
kullanarak sirali minimal optimizasyon algoritmasini
uygular. SMO siniflandiricisinin degerlendirmesi su
parametrelerle yapilir: ¢ = 1.0; epsilon = 1.0E; kernel =
PolyKernel; numFolds = -1; randomSeed = 1 (Witten ve
Frank, 2005). Arastirmada SMO algoritmasinin
uygulanmasinda  kullanmilan  Weka  parametreleri
sunlardir: ¢=1.0; calibrator=Logistic -R 1.0E-8 -M -1,
epsilon=1.0E-12; kernel=PolyKernel -E 1.0;
numFolds=-1; randomSeed=1,

4.1.5. 1Bk

IBk bir K en yakin komsu smiflandiricidir. 1Bk
smiflandiricist uygun K degerini c¢apraz gecerlemeye
dayanarak tayin edebilir. Bu siniflandirici ayni zamanda
uzaklik agirliklandirma da yapabilir (George-Nektarios,
2013). IBk algoritmast aragtirmada su Weka
parametreleri ile uygulanmigtir: KNN=1,
crossValidate=False; distanceWeighting=No distance
weighting; meanSquared=False;
nearestNeighbourSearchAlgorithm=EuclideanDistance
-R first-last; windowSize=0

4.1.6. DecisionTable

DecisionTable, karar tablosu cogunluk
smiflandiricisim olusturur. Bu simiflandirici, best-first
arama metodunu kullanarak oOzellik (feature) alt
kiimelerini degerlendirir ve bu amacla ¢apraz gecerleme
(cross-validation) kullanabilir. Bu smiflandirict igin
arama safhasinda kullanilacak BestFirst, RankSearch,
GeneticSearch, vs. gibi bircok metot bulunmaktadir.
Ayrica IBk algoritmasi da sonuca yardimci olmak
amaciyla isleme dahil edilebilmektedir. (Witten ve
Frank, 2005). DecisionTable algoritmas1 arastirmada su
Weka parametreleriyle uygulanmistir: crossVal=1;
evaluationMeasure=accuracy (discrete class); RMSE;
search=BestFirst -D 1 -N 5; uselBk=False

4.1.7. JRip (RIPPER)

RIPPER en temel ve en popiler smiflayici
algoritmalardan biridir. Bu algoritmada siniflar artan
biiyiikliikte irdelenir ve sinif i¢in kademeli (incremental)
azaltilmig hata budama yontemi kullanilarak bir
baslangic kurallar seti olusturulur (Witten ve Frank,
2005). JRip algoritmast aragtirmada su Weka
parametreleri ile uygulanmistir: folds=3; minNo=2.0;
optimazitions=2; seed=1; usePruning=True

4.1.8. OneR

OneR, Kural-tabanli model kullanan bir diger temel
siniflayici algoritmadir. Bu algoritma, her biri belirli bir
Ozniteligi (attribute) test eden kurallardan olusan tek
seviyeli (one-level) bir aga¢ yapisi olusturur. OneR
algoritmasi basit, hesaplama olarak ucuz ve ¢cogu zaman
veri igindeki yapilar1 karakterize etmek icin oldukea iyi
kurallar iiretebilen bir algoritmadir (Witten ve Frank,
2005). Aragtirmada OneR algoritmasi su parametrelerle
uygulanmustir: bathSize=100; minBucketSize=6

4.1.9.J48

Quinlan (Quinlan, 1993) tarafindan gelistirilen C4.5
siniflandirma algoritmasi giiniimiizde en popiiler agag
siiflayicilarindan biri hatta belki de en popiileridir. J48
algoritmasi ise C4.5 algoritmasinin optimize edilerek
Weka’da uygulanmis halidir (Nguyen ve Choi, 2008).
Arastirmada J48 algoritmas1 su Weka parametreleriyle
uygulanmustir: binarySplits=False; collapseTree=True;
confidenceFactor=0.25; minNumObj=2; numFolds=3;
reducedErrorPruning=False; seed=1; unpruned=False;
useMDLcorrection=True

4.1.10. NBTree

NBTree, Karar Agaclari ve Naive Bayes
algoritmalar1 kullanilarak elde edilen melez bir
smiflayict  algoritmadir. Bu  smiflayici, yaprak
diigiimlere ulasabilen veri Ornekleri i¢in yapraklarin
birer Naive Bayes smiflayicisi oldugu aga¢ yapilar
olusturur. NBTree algoritmasmin performans agisindan
Naive Bayes siniflandiricisindan daha iyi olmasini
beklemek olduk¢a mantikli olmakla beraber bu
performansin elde edilebilmesi i¢in hizdan fedakarlik
yapilmig  olmaktadir  (Kohavi, 1996). NBTree
algoritmast aragtirmada su parametrelerle
uygulanmigtir: batchSize=100;
doNotCheckCapabilities=False

4.2. Performans Karsilastirmasi

Her bir simiflayicinin ¢alisma verileri ile Weka
yazillminda uygulanmasindan sonra elde edilen
performans metriklerinden TP (True Positive — Dogru
Pozitif), FP (False Positive — Yanlis Pozitif), TN (True
Negative - Dogru Negatif) ve FN (False Negative —
Yanlis Negatif) degerleri performans karsilagtirilmasi
amaciyla kaydedilmistir. Bu degerlerin kullanilarak
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model sonuglarina dair daha detayli bilgiler veren
Dogruluk  (Accuracy), Hassasiyet (Recall veya
Sensitivity) ve Kesinlik (Precision) gibi performans
metrikleri asagidaki gibi hesaplanmaktadir (Gong,
2021):

.. TP+IN
Dogruluk = FprrprNTrN @
. TP+TN
Kesinlik = TprrprTNreN @)
TP
Hassasiyet = 5 g 3)

Bu formiillerde gegen parametreler asagidaki gibi
tanimlanmaktadir (Bilgin, 2021):

e TP (DP): Gergekte pozitif smif iginde, tahminde ise
pozitif sinif i¢inde yer alan deger sayisi.

e FN (YN): Gergekte pozitif sinif iginde, tahminde ise
negatif sinif iginde yer alan deger sayisi.

e FP (YP): Gergekte negatif sinif i¢inde, tahminde ise
pozitif sinif icinde yer alan deger sayisi.

e TN (DN): Gergekte negatif sinif iginde, tahminde
ise negatif sinif i¢inde yer alan deger sayisi.

Dogruluk (Accuracy), dogru olarak smiflandirilan
orneklerin yiizdesidir. Hassasiyet (Recall), pozitif olarak
tahmin etmemiz gereken islemlerin ne kadarimi pozitif
olarak tahmin ettigimizi gosteren bir metriktir. “Gergek
pozitiflerin ne kadart dogru bir sekilde tanimlandi?”.
Kesinlik (Precision), pozitif olarak tahmin edilen
degerlerin gercekten ka¢ adedinin pozitif oldugunu
gostermektedir. (Ay, 2020).

Bunlarin yani sira siniflandirma problemlerinde
modelin performansin1 gosteren bazi metrikler de
vardir; bu metriklerden bazilart ve en yaygin olarak
kullanilanlar1 F-Skoru (F-Measure) ve ROC (Receiver
Operator Characteristic) performans metrikleridir.

F-Skoru, modelin dogrulugunun bir ol¢iisiidir ve
yukarida formiilleri verilen Kesinlik ve Dogruluk
degerlerinin harmonik ortalamasi alinarak hesaplanir. F-
Skoru 1 ile 0 arasinda bir deger alir; 1 degerine sahip
olmast modelin miikemmel oldugunu, 0 olmasi ise
tamamen basarisiz oldugunu gosterir. Iyi bir F1-Skoru,
yanlig pozitif ve yanlig negatif oranin az oldugunu ve
orneklerin dogru bigimde siiflandirildigint gosterir. F-
Skoru farkli diizeyde Dogruluk ve Kesinlik degerlerine
sahip modelleri karsilastirabilir hale getirebilmek i¢in
gelistirilmis bir metriktir ve asagidaki sekilde hesaplanir
(Nicholson, 2020):

_ 2xDogrulukxKesinlik

F-Skoru = Dogruluk+Kesinlik (4)

ROC degeri ise bir siniflama modelin performansini
degerlendirme konusunda kullanilan en O6nemli

metriklerden biri olup farkli esik degerlerinde modelin
performansint gosterir. Bir olasilik egrisi olan ROC
siiflama modelinin veri seti 6rneklerini farkli siniflara
ayirmada derecede basarili oldugu hakkinda bilgi verir.
Bu egrinin altinda kalan alan AUC (Area Under Curve
— Egri Altinda Kalan Alan) olarak adlandirilir ve bu alan
ne kadar biiylikse model veri seti 6rneklerini dogru
siniflara ayirmada o kadar basarilidir (Narkhede, 2018).

ROC degerinin hesaplanmasinda Ger¢cek Dogru
Orani (True Positive Rate - TPR) da denilen ve yukarida
aciklanan Hassasiyet metrik degeri ile Ozgiilliik denilen
Yanlis Pozitif Oram1 (False Positive Rate - FPR)
metriklerinden yararlamlir. Ozgiilliik ya da diger ad ile
Yanlis Pozitif Orani, Yanlig Pozitiflerin Yanlig Pozitif
ve Dogru Negatiflerin toplamina oranini ifade eder. Bu
iki metrigin dagilimina gesitli esit degerleri uygulanarak
bu degerler i¢in modelin siniflandirmay1 ne derece iyi
yaptigim1 gosteren ROC egrisi elde edilir (Narkhede,
2018).

Aragtirmada ele alman 10 adet siniflayici
algoritmasina ait yagis tahmini performans metrikleri
Tablo 2’de verilmistir. Tablo 2 genel olarak
incelendiginde en iyi dogruluk oranmi %84,24 ile
Fonksiyonlar ~ kategorisinde  yer alan  SMO
algoritmasinin verdigi gortilmektedir. Bununla beraber
bu performans degerinin diger sonuglardan agik ara
onde olmadigi, Kurallar kategorisinde yer alan JRip
(%83.0633) algoritmas1 ile Agag¢ smflayicilar
kategorisinde yer alan NBTree algoritmasinin
(%83.4315) da bu sonuca yakin performans gosterdigi
sOylenebilir. Ayrica Kurallar kategorisinde yer alan
OneR smiflayicisinin tiim kategoriler igerisinde en
diisiik ortalama Dogruluk Oranina (%75,5) sahip oldugu
goriilmiistiir. Bayes kategorisinde yer alan BayesNet ve
NaiveBayes algoritmalarinin performanslarinin  da
OneR algoritmasindan sonra en diisiik performansa
(76,6 ve 76,7) sahip simflayicilar oldugu ortaya
cikmustir.

Kategori  bazinda baktigimizda ise Bayes
Smiflayicilar kategorisinde sonuglarin birbirine ¢ok
yakin oldugu ve BayesNet ve NaiveBayes
smiflayicilarin ~ birbirine ¢ok  yakin  performans
gosterdigi  gorillmektedir. Fonksiyon Smiflayicilar
kategorisinde yer alan iki adet simiflayict
algoritmasindan en bagarilisinin tim siniflayicilarin en
bagarilist da olan SMO algoritmasi oldugu; buna
mukabil diger smiflayict MLP algoritmasinin da
performansinin  (%81,95) iyi bir seviyede oldugu
goriilmektedir. Lazy kategorisinde yer alan tek
smiflayict olan IBk smiflayicinin  performansinin
%78,05 ile fonksiyon siniflayicilardan biraz geride
kaldig1 goriilmektedir. Kural tabanli siniflayicilarin ise
genel olarak siniflandirma performansinin iyi oldugu, bu
kategorinin en iyi performansina (%83.06) JRip
algoritmasinin sahip oldugu; DecisionTable
algoritmasinin  buna yakin performans (%81.00)
sergiledigi, OneR algoritmasinin  performansinin
(%75,47) ise bunlardan biraz geride kaldig1 sdylenebilir.
Son kategori olan Agac¢ Smiflayicilar kategorisinde ise
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J48 ve NBTree algoritmalarinin performanslarinin
birbirine olduk¢a yakin olmakla beraber NBTree
algoritmasinin  performansinin  J48  algoritmasinin
performansina nazaran biraz daha iyi oldugu
goriilmektedir.

Siniflayict performanslarinin  Ortalama Dogruluk
(OD) oranlar1 haricinde tabloda yer alan Kesinlik,
Hassasiyet, F-Skoru ve ROC Alami degerlerine
baktigimizda tabloda Dogruluk Orani en yiiksek olan

smiflayict SMO algoritmasinin ayni zamanda en yiiksek
ortalama Dogru Pozitif (DP), Kesinlik, Hassasiyet ve F-
Skoru degerlerine sahip olan siniflayict oldugunu
gormek  miimkiindiir. Buna mukabil  Kurallar
kategorisinde yer alan JRip algoritmasi en diisik
ortalama Yanlis Pozitif (YP) oranina ve Fonksiyonlar
kategorisinde yer alan MLP (MultiLayerPerceptron —
Cok Katmanli Yapay Sinir Ag1) algoritmasinin ise en
yiiksek ROC Alanina sahip oldugu ortaya ¢ikmustir.

Tablo 2. On adet simiflayici algoritmaya ait yagis tahmin performans metrikleri (Precipitation prediction performance metrics for the 10

classifiers)
Siniflayict  Smuiflayict DP (%) YP (%) Dogruluk Kesinlik  Hassasiyet F-Skoru ROC
Kategorisi  Algoritma (%) Alani
Bayes BayesNet 76,7 26,0 76.730 0,789 0,767 0,774 0,827
NaiveBayes 76,6 26,8 76.583 0,785 0,766 0,772 0,828
Fonksiyon MLP 82,0 34,4 81.958 0,814 0,820 0,810 0,858
SMO 84,2 21,7 84.241 0,838 0,842 0,838 0,783
Lazy IBk 78,1 32,6 78.056 0,778 0,781 0,779 0,727
DecisionTable 81,0 27,8 81.001 0,809 0,810 0,810 0,854
Kural JRip 83,1 25,7 83.063 0,829 0,831 0,829 0,800
OneR 75,5 35,2 75.478 0,755 0,755 0,755 0,701
Agac J48 82,5 31,6 82.547 0,820 0,825 0,819 0,784
NBTree 83,4 28,6 83.431 0,829 0,834 0,830 0,852

Arastirmada ayrica farkli parametreler arastirma veri
setinden ¢ikarilarak siniflayicilarin performanslarindaki
degisimler gbzlemlenmistir. Bu amagla ilk 6nce veri
setinden sadece riizgar parametreleri (riizgar yon ve
siddeti), sonrasinda sadece 6nceki giinlerin nem ve yagis
parametreleri, en sonunda da hem riizgar hem de 6nceki
glinlere ait nem ve yagis parametreleri ¢ikarilarak

smiflayici performanslarindaki degisimlere bakilmistir.
Tablo 3, sadece riizgar parametrelerinin (riizgar yon ve
siddeti), Tablo 4, sadece onceki giinlere ait nem ve yagis
parametrelerinin ve son olarak Tablo 5 ise hem riizgar
hem de onceki giinler nem ve yagis parametrelerinin
cikarildigi durumda 10 smiflayicinin performanslarimi
gostermektedir.

Tablo 3. Riizgar parametreleri ¢ikarildiginda siniflayicilarin yagis tahmin performans metrikleri (Precipitation prediction performance

metrics after wind parameters removed)

Siniflayict  Smiflayici DP (%) YP (%) Dogruluk Kesinlik  Hassasiyet F-Skoru ROC
Kategorisi  Algoritma (%) Alani
Bayes BayesNet 76,2 26,5 76.215 0,785 0,762 0,769 0,824
NaiveBayes 76,4 26,6 76.362 0,785 0,764 0,770 0,825
Fonksiyon MLP 84,8 32,4 84.757 0,849 0,848 0,836 0,897
SMO 84,5 28,1 84.462 0,840 0,845 0,839 0,782
Lazy IBk 78,5 32,5 78.497 0,782 0,785 0,783 0,730
DecisionTable 81,0 27,8 81.001 0,809 0,810 0,810 0,854
Kural JRip 84,0 29,5 84.020 0,836 0,840 0,834 0,778
OneR 75,5 35,2 75.478 0,755 0,755 0,755 0,701
Agag J48 82,0 31,7 81.958 0,813 0,820 0,813 0,818
NBTree 83,1 26,7 83.063 0,827 0,831 0,829 0,867
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Tablo 4. Onceki giinlerin nem ve yagis parametreleri cikarildiginda smiflayicilarin performans metrikleri (Precipitation prediction
performance metrics after humidity and precipitation parameters belonging to previous days removed)

Siniflayict Siniflayict DP YP Dogruluk  Kesinlik ~ Hassasiyet F-Skoru ROC
Kategorisi Algoritma (%) (%) (%) Alan1
Bayes BayeSNet 79,2 322 79.234 0,788 0,792 0,790 0,833
NaiveBayes 79,8 30,2 79.823 0,796 0,798 0,797 0,843
Fonksiyon MLP 825 337 82.547 0,820 0,825 0,816 0,860
SMO 83,3 305 83.284 0,828 0,833 0,826 0,764
Lazy IBk 77,1 3372 77.098 0,770 0,771 0,771 0,720
DecisionTable 81,4 284 81.443 0,812 0,814 0,813 0,846
Kural JRip 839 278 83.873 0,834 0,839 0,834 0,782
OneR 755 3572 75.478 0,755 0,755 0,755 0,700
Agag J48 80,7 329 80.706 0,800 0,807 0,801 0,790
NBTree 80,8 335 80.780 0,800 0,808 0,801 0,832

Tablo 5. Riizgar ve onceki giinlerin nem ve yagis parametreleri ¢ikarildiginda siniflayicilarin yagig tahmin performans metrikleri
(Precipitation prediction performance metrics after humidity and precipitation parameters belonging to previous days along with wind parameter

removed)
Siniflayict  Simiflayict DP (%) YP (%) Dogruluk Kesinlik Hassasiyet ~ F-Skoru ROC
Kategorisi  Algoritma (%) Alani
Bayes BayeSNet 80,8 29,7 80.780 0,804 0,808 0,806 0,843
NaiveBayes 81,1 30,8 81.075 0,805 0,811 0,807 0,854
Fonksiyon MLP 83,4 33,2 83.431 0,832 0,834 0,824 0,873
SMO 83,4 30,6 83.431 0,829 0,834 0,827 0,764
Lazy IBk 76,3 33,4 76.288 0,765 0,763 0,764 0,715
DecisionTable 81,4 28,4 81.443 0,812 0,814 0,813 0,846
Kural JRip 81,8 35,4 81.811 0,812 0,818 0,807 0,736
OneR 75,5 35,2 75.478 0,755 0,755 0,755 0,701
Agag J48 81,7 30,6 81.664 0,811 0,817 0,812 0,822
NBTree 83,1 26,3 83.063 0,828 0,831 0,829 0,854

Tablo 3’ten de goriilecegi lizere veri setinden riizgar
parametreleri ¢ikarildiginda da ortalama Dogruluk
Oran1 en yiiksek olan algoritma yine Fonksiyonlar
kategorisine ait bir algoritma olmus ancak bu sefer SMO

yerine MLP algoritmast en yiiksek dogruluk
performanst goOstermistir. Bununla beraber SMO
algoritmasinin ~ performansmin ~ (%84,5) MLP

algoritmasi performansina (%84,8) ¢ok yakin oldugu
goriilmiistiir. Onceki seferde oldugu gibi veri setinden
rlizgar  parametreleri ¢ikarildiginda da  Bayes
kategorisine ait smiflayicilar en disiik performansa
(%76,2 ve %76,4) sahip olmustur. ilging bir sonug
olarak, riizgar parametrelerinin  veri  setinden
¢ikarilmasinin aslinda siniflama performansini arttirdig:
goriilmilg; tam veri setinde en yiiksek dogruluk orani
%84,2 iken riizgar verileri ¢ikarildiginda dogruluk orani
%84,8’e ¢ikmustir. Bununla birlikte dogruluk oranindaki
bu artig 6nemli derecede bir artis degildir.

Riizgar parametrelerini tekrar dahil edip veri
setinden 6nceki giinlere ait nem ve yagis parametrelerini
¢ikardigimizda ise Tablo 4’te goriilen durum meydana
gelmektedir. Tablo 4’ten de goriilecegi iizere yeni
durumda en yilksek performans saglayan algoritma
Kurallar kategorisinden JRip algoritmasi olmustur.
Ancak bu sefer yeni performansta (%83,9) oncekilere
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goére az da olsa bir diisiis olmustur. Bu yeni senaryoda
en diisiik siniflandirma performans: gosteren algoritma
ise %75,5 orani ile yine Kurallar kategorisinden OneR
algoritmast olmustur.

Son durumda yani yagis veri setinden hem riizgar
hem de 6nceki giinlerin nem ve yagis parametrelerinin
cikarildigi durumda bakildiginda (Tablo 5); bu
senaryoda en iyi performans gosteren algoritmanin
kategorisinin degistigi ve bir onceki durumdakinden
farkli olarak Fonksiyonlar kategorisine ait MLP ve
SMO algoritmalarinin esit (%83,4) ve en iyi siniflama
performansi sagladigi goriilmektedir. Yeni performans
degerinin digerlerine ¢ok yakin ve onlardan ¢ok az daha
diisiik degerde oldugunu sdylemek miimkiindiir. Bu son
durumda en diisiikk performansi ise %75,5 ile Kurallar
kategorisinden OneR smiflayicisinin gdsterdigi ortaya
cikmugtir.

5. Sonug ve Tartisma (Results and Discussion)

Bu ¢alismada 2010-2020 yillar aras1 i¢in Ankara ili
Kegioren ilgesinde yer alan Meteoroloji Genel
Miidiirliigii’ne ait 17130 no’lu yagis istasyonundan elde
edilen giinlik basing, sicaklik, nem, riizgar ve yagis
verileri tizerinde ¢esitli makine 6grenmesi algoritmalar:
uygulanarak yagisin varligmmn kestirimi konusunda bu
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smiflayicilarin = performanslarmin  karsilastiriimasi
amaglanmistir. Bu amagla ayni veri setinde cesitli
degisiklikler uygulanarak dort farkli senaryoda 10 adet
siiflayici algoritma eldeki veriler lizerinde uygulanmis
ve her senaryo sonucu elde edilen performans metrikleri
performans karsilastirmasi yapmak ilizere
kaydedilmistir.

Calismada birinci senaryo olarak tiim verilere
(basing, sicaklik, riizgar, nem ve yagis) ilave olarak
onceki iki gliniin nem ve yagis bilgileri de veri setine
ayri parametreler olarak dahil edilmistir. Ikinci
senaryoda veri setinden sadece riizgar parametreleri
(riizgar yon ve siddeti) c¢ikarilarak bu yeni veri seti
tizerinde 10 adet siniflayici uygulanarak performanslar
kaydedilmistir. Ugiincii senaryoda riizgar parametreleri
veri setine tekrar dahil edilmis, ancak bu sefer 6nceki
giinlere ait nem ve yagig parametreleri veri setinden
¢ikartlmistir. Son ve dordiincii senaryoda ise hem riizgar

parametreleri hem de onceki giinlere ait nem ve yagis
parametreleri veri setinden ¢ikarilmis ve bu haliyle
siiflayict  performanslarindaki ~ degisimler  not
edilmigtir. Elde edilen sonuglara gore ilk senaryoda en
iyi performans gosteren siniflayict %84,2 dogruluk
orani ile Fonksiyonlar kategorisinden SMO algoritmasi
olmustur. Ikinci senaryoda ise en iyi performans
goOsteren algoritma yine Fonksiyonlar kategorisinden
%84,8 ortalama  dogruluk oram1 ile  MLP
(MultiLayerPerceptron — Cok Katmanli Yapay Sinir
Ag1) algoritmasi olmustur. Uciincii senaryoda en iyi
dogruluk oranina sahip smiflayici algoritma Kurallar
kategorisinden JRip algoritmas1 olmustur. Son yani
dordiincii senaryoda ise Fonksiyonlar kategorisinden
MLP ve SMO algoritmalar1 birbirine esit ve %83,4
ortalama dogruluk orani ile en iyi performansa sahip
algoritmalar olmuglardir. Bu dort senaryoya ait sonuglar
Tablo 5’te 6zetlenmistir.

Tablo 6. Dort senaryoya ait 6zet en iyi performans metrikleri (Summary of best performance metrics belonging to the four scenario)

En iyi Kategori DP (%)  YP DO Kes. Hass. F- ROC
Siniflayict (%) (%) Skoru Alant
1. Senaryo SMO Fonksiyon 84,2 21,7 84.24 0,838 0,842 0,838 0,783
2. Senaryo MLP Fonksiyon 848 324 84.75 0,849 0,848 0,836 0,897
3. Senaryo JRip Kural 839 278 83.87 0,834 0,839 0,834 0,782
4. Senaryo MLP Fonksiyon 83,4 33,2 83.43 0,832 0,834 0,824 0,873
SMO Fonksiyon 83,4 33,2 83.43 0,832 0,834 0,824 0,873
Tablo 6°dan de goriilecegi tizere en yiiksek ortalama yagisin  varliginin  kestiriminde  basarili  sekilde
dogruluk oranlart %83,4 ila %%84,8 arasinda uygulanabilecegini  gostermektedir.  Elde  edilen

degismektedir -ki bu da senaryolar arasindaki
performans  farkinin  ¢ok  fazla  olmadigini
gostermektedir. Dolayisiyla basing, sicaklik, riizgar
yoni, riizgar siddeti, nem ve yagis parametrelerinden
olugan ana veri setinden riizgar parametrelerinin yahut
onceki giine ait nem ve yagis parametrelerinin
cikarllmasi ya da bunlarin tekrar dahil edilmesi
smiflayict performanslarinda ¢ok biiyiikk oranda bir
degisime neden olmamaktadir. Bununla birlikte %80’ler
civarinda elde edilen bu performanslarin yagis
tahmininde, diger bir ifade ile yagismn varligim
kestirmede iyi derecede performanslar oldugu
sOylenebilir. Yine Tablo 6’dan goriilecegi lizere yagisin
varligim1 tespit konusunda en basarili kategori
Fonksiyonlar kategorisi ve en bagarili algoritmalar ise
bu kategorideki SMO  (Sequential ~ Minimal
Optimization) ve MLP (Cok Katmanli Yapay Sinir Ag1)
algoritmalar1 olmustur. DoOrt senaryo igerisinden bu
durumun disinda kalan tek senaryo igiincii yani riizgar
parametrelerinin dahil oldugu ama Onceki giinlere ait
nem ve yagis parametrelerinin ¢ikarildigi senaryo
olmustur. Bu senaryoda ise en basarili kategori Kurallar
kategorisi ve en basarili siniflayic1 algoritma ise bu
kategorideki JRip algoritmasi olmustur.

Elde edilen bu sonuglar makine Ogrenmesi
algoritmalarinin Meteoroloji biliminin bir konusu olan

sonuglarin hava tahmincilerinin, Meteoroloji bilimiyle
ilgili kisiler ve uygulamacilar ve genel olarak makine
6grenmesi konusunda ¢aligan aragtirmacilar i¢in yararl
olacagi distniilmektedir. Konu ile ilgili yapilacak
gelecekteki c¢alismalarda aragtirmacilara yagisa etki
eden farli parametreleri de dahil ederek simiflayici
performanslarint karsilastirmalari ve ayrica yagisin
varhigmin  kestiriminin  yaninda yagis miktarinin
kestirimi konusunda arastirma yapmalari
Onerilmektedir.
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Abstract

Today’s manufacturing vision necessitates extracting insights from the data collected in real-time from manufacturing processes.
Predicting failures with the predictive analysis of the collected process data and preventing these failures by taking necessary actions
before they occur is a key factor in ensuring quality at the desired level, increasing productivity, and reducing costs in production
systems. In the literature on predictive analysis of process data, machine learning and deep learning methods have attracted
considerable attention, especially in recent years. This study has addressed a multi-class failure classification problem in the plastic
extrusion process with a real case study. Classification models have been developed based on Long Short-term Memory (LSTM) as a
deep learning method and Multilayer Perceptron (MLP) and Logistic Regression (LR) as machine learning methods to predict the
failure categories. In the case study, real data taken from the extrusion process of one of the leading insulation companies operated in
Izmir has been used. The final dataset includes actual measurements of seven parameters related to temperature and pressure and
failure categories as the target variable. Three failure categories have been identified to define Category 0 (No failure), Category 1
(Filter change), and Category 2 (Feeding failures) states, and coded as 0,1 and 2 in the models, respectively. LSTM, MLP, and LR’s
performance to predict the failure categories have been evaluated and compared based on accuracy, precision, recall, and F1 Score
measures. LSTM is the highest performing among the three methods, with 100% prediction accuracy for each failure category. On
the other hand, LR and MLP have achieved considerable and close results except for Category 1.

Keywords: Deep learning, failure prediction, machine learning, plastic extrusion process.

Plastik Ekstriizyon Siirecinde Derin Ogrenme ile Hata Kategorilerinin Tahmini

Oz

Giinlimiiz iretim anlayisi, imalat siireglerinden gercek zamanli olarak toplanan siire¢ verisinden kestirim yapabilmeyi
gerektirmektedir. Toplanan siire¢ verilerinin kestirimci analizi ile hatalarin tahmin edilmesi ve gerekli aksiyonlarin alinmasiyla
hatalarin ortaya ¢ikmadan Onlenmesi, liretim sistemlerinde kalitenin istenilen seviyede saglanmasi, verimliligin artirilmasi ve
maliyetlerin azaltilmasinda kilit bir faktordiir. Makine 6grenmesi ve derin Ogrenme ydntemleri, siire¢ verilerinin kestirimci
analizinde, 6zellikle son donemlerde biiytik ilgi gormektedir. Bu ¢alismada plastik ekstriizyon siirecinde ¢ok sinifli hata siniflandirma
problemi bir gergek hayat drnegiyle ele alinmistir. Problemin ¢oziimii i¢in derin 6grenme yontemlerinden Uzun-Kisa Siireli Bellek
(LSTM) ve makine Ogrenmesi yontemlerinden Cok Katmanli Algilayict (MLP) ve Lojistik Regresyon (LR) kullanilmustir.
Calismanin uygulama kisminda, izmir'de faaliyet gsteren Tiirkiye'nin 6nde gelen yalitim firmalarindan birinin plastik ekstriizyon
stirecinden alinan gergek veriler kullanilmigtir. Nihai veri seti, siiregten alinan sicaklik ve basingla iligkili yedi parametrenin gergek
Ol¢timlerini ve hedef degisken olarak hata kategorilerini icermektedir. Modellerde Kategori 0 (Hata yok), Kategori 1 (Filtre degisimi)
ve Kategori 2 (Besleme hatalart) durumlarini tanimlamak igin {i¢ hata kategorisi belirlenmis ve sirastyla 0,1 ve 2 olarak kodlanmustir.
LSTM, MLP ve LR'nin hata kategorilerini tahmin etme performansi, tahmin dogrulugu, kesinlik, duyarlilik ve F1 skoru metriklerine
gore degerlendirilmis ve karsilagtirilmigtir. LSTM, her hata kategorisi igin %100 tahmin dogrulugu ile en yiiksek performansa sahip
olmustur. LR ve MLP, Kategori 1 digindaki hata kategorileri tahminlerinde basarili ve birbirine yakin sonuglar elde etmistir.

Anahtar Kelimeler: Derin 6grenme, hata tahmini, makine 6grenmesi, plastik ekstriizyon siireci
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1. Introduction

Rapid developments in digital technologies have
had transformative effects on manufacturing systems
and turned them into smart systems. The current
industrial vision, Industry 4.0, has structured an
interconnected manufacturing environment and forced
companies to reconsider their processes. One of the
critical cornerstones of Industry 4.0 and smart
manufacturing is collecting real-time data from the
plant via sensors and networks and providing value by
conducting a data-driven predictive analysis.

Failures may occur in the manufacturing
environment due to many causes. Therefore, in smart
manufacturing systems, it is critical to monitor
manufacturing processes in real-time, predict failures,
and take appropriate actions to prevent them from
happening to ensure product quality (Tao et al., 2018).

Fault detection and prediction problems in the
manufacturing environment have been extensively
addressed through machine learning methods (Konar
and Chattopadhyay, 2011; Jing and Hou, 2015) and, in
particular, deep learning methods with increasing
interest recently (Jing et al., 2017; Shao et al., 2017;
Zhang et al., 2017a).

Neural networks (Hou, Liu, and Lin, 2003;
Quintana et al., 2011) and LR (De Menezes et al.,
2017) are among the most widely applied supervised
machine learning methods for failure classification and
prediction problems using process data.

LR is a supervised machine learning method with a
wide range of application areas for prediction problems
containing a categorical dependent variable and a set of
independent variables (Caesarendra et al., 2010).
When the dependent variable has multi-class, like the
problem addressed in this study, multi-class LR needs
to be employed. The conditional probability P(Y =y |
X = x) in multi-class LR is calculated by using
Equation (1) (Le Thi et al., 2020):

exp (by+W:7;X)

PY =y[X=x= M

Lo, exp (by“"/:g,x)

where {(x;,y,):i =1,..,n} is a training set that
includes observation vectors x; € R¢ and labels y; €
{1, ...,Q}, Q denotes the number of classes, W is the
dxQ matrix and b = (by, ...,bp) € R?. It is aimed to
find a (W,b) pair that maximizes the total probability of
the correct class y to which x; belongs. The negative
log-likelihood function needs to be minimized to obtain
(W,b) estimation (Le Thi et al., 2020).

MLP, one of the most employed neural network
techniques, especially for the problems related to
production control (Cadavid et al., 2020), contains
input and output layers of units and hidden unit/units’
layers between them (Fallah, Mitnitski and Rockwood,
2011). In MLP, the units are organized in a feed-
forward layered topology (Venkatesan and Anitha,
2006). MLP wuses various nonlinear functions to

convert n inputs to | outputs. In Equation (2), the
activation function used to determine the network
output is given (Yilmaz and Kaynar, 2011):

Xo = f (B XnWho) @)

where f denotes the activation function, x; is hth
hidden layer node’s activation and wy, is the hth
hidden layer node and oth output layer interconnection.

Deep learning, which has significant successful
applications in many different areas such as text
detection and classification, speech and image
recognition, provides advanced analytical opportunities
for analyzing big data obtained from manufacturing
processes (Wang et al., 2018). There have been
different deep learning approaches, including
Convolutional Neural Networks (CNN), Recurrent
Neural Networks (RNN), Auto-encoders, Deep Belief
Network, Deep Boltzmann Machines, and each of them
may have some sub-variants (Zhao et al., 2019). LSTM
is an architecture of RNN which uses past sequences to
forecast future data (Moghar and Hamiche, 2020). In
LSTM architecture, information flows, including
determining which information to remain and how long
it persists, are regulated via input, forget, and output
gates (Bandara, Bergmeir, and Smyl, 2020). The input,
output, and forget gates have different abilities and
tasks in the architecture. The input gate can choose
information necessary to be stored in the internal state,
the output gate has the capability of deciding the output
information, and the forget gate can throw away the
useless information (Zhang et al., 2017b). LSTM has
widely preferred for the predictive analysis of
sequential data and has a wide range of application
areas, including failure prediction, remaining useful
life prediction, voice recognition, time series analysis,
document classification (Nabipour et al., 2020). LSTM
stands out for its ability to recognize long-term
dependencies and patterns in sequential data and
provide more successful results of anomaly and failure
detections than standard RNN in this data type (Greff
et al., 2016; Meyes et al., 2019).

The mathematical expression of LSTM output of
the jth cell (c;) at time t is given in Equation (3)
(Hochreiter and Schmidhuber, 1997; Smagulova and
James, 2019):

y(t) =y (Oh(s; (1) ©)
where S¢; (t) is an internal state:

s, (8) = yP (D5, (¢ = D + y™ (O g(net; (1) (4)
where y®i is an output of forget gate:

y®i(t) = fo;(nety) ®)

Journal of Intelligent Systems: Theory and Applications 5(1) (2022) 27-34 28



The output values of the output gate (out;) and
input gate (in;) are given in Equations (6)-(7)
(Hochreiter and Schmidhuber, 1997; Smagulova and
James, 2019):

yout]- @®) = foutj (netoutj) (6)
Y (6) = fo (nety) ™

Net inputs of a cell are expressed in Equations (8)-
(10) (Hochreiter and Schmidhuber, 1997; Smagulova
and James, 2019): (u: denotes units)

nEtoutj ) =2y Wout]-uyu(t -1 (8)
netinj(t) =Yu Winjuyu(t -1) )
netcj(t) = Zu Wcjuyu(t - 1) (10)

This study aims to address the multi-class failure
classification problem in the plastic extrusion process
using the actual sequential process data of an insulation
company by applying LSTM, one of the deep learning
methods widely known for its successful performance
in prediction problems for the sequentially formed
datasets, and machine learning methods of MLP and
LR, to evaluate and compare the class prediction
performance of these approaches.

Even though there have been studies handling the
determination of process parameters problem in the
plastic extrusion process with machine learning
methods (Huang and Liao, 2002; Al Rozuq and Al
Robaidi, 2013; Cirak and Kozan, 2009), none studies
reached addressing any problems in this process with
deep learning. Therefore, this study aims to contribute
to the related literature by addressing the failure
classification problem in the plastic extrusion process
and applying deep learning.

In the next section of this study, some of the
relevant related works addressing similar problems by
applying LSTM, MLP, and LR are introduced.
Afterward, the problem is explained in detail.
Following this section, application findings and their
analysis are presented. Finally, the results are evaluated
and discussed in the conclusion section.

2. Related Works

Failure classification and prediction problems have
been attracted considerable attention in previous
studies. In those studies, wide range of machine
learning based methods, including Artificial Neural
Networks (ANN) (Dreiseitl and Ohno-Machado, 2002;
Gyimothy, Ferenc and Siket, 2005; Singh, Kaur and
Malhotra, 2009), CNN (Janssens et al., 2016; Tan and
Pan, 2019), Decision Tree (DT) (Dreiseitl and Ohno-
Machado, 2002; Gyimothy, Ferenc and Siket, 2005;
Singh, Kaur and Malhotra, 2009), Deep CNN

(Razaviarab, Sharifi and Banadaki, 2019), k-nearest-
neighbour (Dreiseitl and Ohno-Machado, 2002), LR
(Dreiseitl and Ohno-Machado, 2002; Gyimothy, Ferenc
and Siket, 2005; Singh, Kaur and Malhotra, 2009;
Malhotra and Singh, 2011), LSTM (Malhotra et al.,
2015; Zhang et al., 2017b; Morariu et al., 2018; Tan
and Pan, 2019; Ye et al., 2019), MLP (Liukkonen et
al., 2009; Kutytowska, 2015; Hore et al., 2016; Orru et
al., 2020), Random Forest (Tan and Pan, 2019) and
Support Vector Machine (SVM) (Dreiseitl and Ohno-
Machado, 2002; Singh, Kaur and Malhotra, 2009;
Zhang et al., 2017a; Oh et al., 2019) have been applied.
This section presents indicators and findings related to
LSTM, MLP, and LR models for the failure prediction
problem used in previous studies.

Zhang et al. (2017b) employed the LSTM-RNN
method to predict the battery’s remaining useful life
with deep learning capability. They compared the
LSTM and SVM methods and noted that the LSTM-
RNN method predictions are more accurate than SVM.
Tan and Pan (2019) proposed a model to predict faults
of wireless networks based on LSTM and CNN. This
study compared CNN, CNN-LSTM, and Random
Forest models’ performances and showed that their
CNN-LSTM hybrid prediction model had better
performance than the other applied models. Malhotra et
al. (2015) studied the fault prediction problem by
applying the stacked LSTM. They used data sets,
including power demand, multi-sensor motor, space
shuttle. Their results indicated that normal time-series
behavior could be modeled with the stacked LSTM.
Morariu et al. (2018) used the LSTM approach to
estimate energy consumption patterns in the production
cycle accurately. They proposed a structure that
processes the information flow in high-capacity
production systems using map reduction algorithms
and focuses on energy consumption with big data
concepts collected in various layers. Ye et al. (2019)
proposed the LSTM-RNN structure by making
parameter estimates for a reasonable estimate of river
water quality.

Hore et al. (2016) used the MLP-FFN classifier to
predict failures of reinforced concrete buildings. They
identified the possibility of failure of the handled
buildings in the future. The experimental results
obtained in this study indicated that the proposed
model provides satisfactory performance. Kutytowska
(2015) developed MLP networks to model the damage
frequency in the water supply systems. She noted that
the plumbing could use the created model to determine
the frequency of breakdowns and plan the replacement
of broken pipes. Liukkonen et al. (2009) performed a
wave soldering event study to predict product failures
using the MLP neural network model. They focused on
root causes in response to the number of failures they
detected in their work. As the MLP algorithm’s input,
they accepted the types of failure as the output of the
process parameters. Finally, Orru et al. (2020) applied
MLP and SVM for the fault prediction problem using
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real-time collected sensor data from a refinery’s
production line.

Malhotra and Singh (2011) used the LR and seven
other machine learning methods to predict faulty
classes with object-oriented metrics in software testing.
Singh, Kaur, and Malhotra (2009) compared LR,
Artificial Neural Network (ANN), SVM, and DT
methods for the fault proneness of object-oriented
system classes by using Receiver Operating
Characteristic analysis. Gyimothy, Ferenc, and Siket
(2005) employed LR, neural network, and DT for fault
prediction. The results showed that the logistic
regression analysis was significant. Finally, Dreiseitl
and Ohno-Machadob (2002) compared LR and ANN
methods with other classification algorithms, such as
SVM, k-nearest neighbors, and DT.

3. Problem and Data Description

Conducting predictive analysis based on process
data is one of the prerequisites of today’s
manufacturing understanding. In this study, the
classification problem of multi failure types occurring
during the plastic extrusion process of an insulation
company has been addressed. Plastic extrusion is a
continuous process in which a solid plastic material is
converted into a molten fluid; the flowable melt moves
into the die and takes the desired shape. The
temperature and pressure rollers fed from the top and
bottom layers produce a double waterproofing sheet.
The line is fed from top layers via extruders A and B,
and from bottom layers, via extruder C. There are
lower, central, and upper calenders at the end of the
die. Finally, the calendered product is cooled and
wound in rolls. Extruder C is used to reprocess
granulated plastic waste. For this reason, a filter system
is used in Extruder C.

The initial dataset received from the company
covers the real measurements taken every 5 minutes
sequentially and the failure categories at measurement
times. In this process, a number of failure types,
including edge tearing, die cleaning, die changing,
filter changing, failures of material feeding can occur.
However, only filter changes and material feeding
failures to the line during the data collection period
have occurred. So the failure categories have been
labeled as “No failure,” “Filter change,” and “Feeding
failures” in the initial dataset. These categories are
coded to be used in the models as follows:

e  No failure (0)

e  Filter change (1)

e  Feeding failures (2)

Some of the parameters’ values do not change
during the analysis period. Therefore, these parameters
were excluded from the analysis. Also, there are some
parameters with some missing values. After cleaning
the dataset, the final dataset includes 7171 observations
regarding seven parameters and failure categories as

the target variable. The variables, their descriptions,
and ranges are given in Table 1.

Table 1. Description of the variables in the dataset

No  Variable Name Description Range

Panel-Temperature Temperature of the

! Central Roll (°C) central roll [9-500,57.089]
Panel-Temperature Temperature of the
2 Lower Roll (°C) lower roll [9.619,68.725]
Panel-Temperature Temperature of the
3 Upper Roll (°C) upper roll [10.363,58.945]
Melt  temperature
4 .';22?1'%‘2!}@ of [8.766,196.181]
P- extruder A
Melt  temperature
5 .'Drirr:flg‘Z't(:) of [9.530,195.107]
p- extruder B
Melt  temperature
6 .'Drirr:fl'\CA‘Z't(:) of [11.527,197.047]
p- extruder C
B Cmelt e
7 pressure_difference | . [-157.937,223.702]
©0) melt pressures in

extruder C

4. Application and Findings

This study has addressed the multi-class failure
classification problem using actual measurement data
taken from the plastic extrusion process of an
insulation company with LSTM, MLP, and LR. The
performance of LSTM depends on the values of its
hyperparameters. Since there is no exact way of
choosing which hyperparameter values work best, one
of the most frequently followed methods is to use some
combinations of parameters and test these
combinations’ performances with several experiments
(Greff et al., 2016).

In this study, the analysis-ready data set was
randomly divided into training, validation, and testing
sets with the size of 70%, 20%, and 10% of the whole
data set, respectively. Therefore, the fault categories’
observations into the training, validation and testing
sets are as equal as possible. In Table 2, features of the
training, validation, and testing sets are presented.

Table 2. Features of the training, validation, and testing sets

Number (percentage) of No failure: 4675
failure categories in the training  (94.79%)
set Filter change: 6
(0.12%)
Feeding failure:
251 (5.09%)

Training set size 4932
Number (percentage) of No failure: 1441
failure categories in the (95.43%)
validation set Filter change: 3
(0.20%)
Feeding failure: 66
(4.37%)
Validation set size 1510

Number (percentage) of No failure: 695
failure categories in the testing (95.34%)
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set Filter change: 2
(0.27%)
Feeding failure: 32
(4.39%)
Testing set size 729

Before implementing the analyzed methods, all
inputs were normalized. In normalization, firstly, min-
max and z-score normalization techniques are among
the most widely used normalization techniques. The
classification performance of MLP and LSTM have
indicated that these models have better performance
with the data normalized by the z-score technique.
Therefore, the z-score normalization technique has
been selected, and the results obtained with the z-score
normalized data set have been presented in the rest of
the study. This study followed the methodology of
training models, running the trained models with
multiple parameter settings several times by using the
validation set and finally evaluating the models’
performances in the testing set. Depending on the
dataset’s highly unbalanced structure, the performance
of the methods is evaluated by employing evaluation
metrics of precision, recall, and F1 score for each
category. In addition to these metrics, the overall
accuracy of the methods’ predictions is also computed
and compared. All employed metrics® formulas are
given in Equations (11)-(14) (Orru et al., 2020):

Overall Accuracy = — PN (11)
TP+FP+TN+FN
Precision = (12)
TP+FP
Recall = —— (13)
TP+FN
F1 Score = 2 X (PrecisionxRecall) (14)

(Precision+Recall)

(TP: True positives, TN: True negatives, FP: False
positives, and FN: False negatives)

In LSTM and MLP models, batch size, epoch,
learning rate, dropout rate, and optimizer type
combinations seen in Table 3 are run ten times in the
validation set, and the combination that gives the best
result among these combinations is employed in the
testing set. All models are coded in R.

Table 3. Parameters in the experiments

Parameters Value

Output Units 3

Batch Size 4,8,16,32,64
Epoch 10,20,50,100
Optimizer RMSprop, adam
Learning Rate 0.001,0.0001
Dropout Rate 0.02,0.2

Confusion matrices of the models are presented in
Figures 1-3. Overall accuracies of the applied methods
are given in the lower right corner of the matrices.
Moreover, at the rightest column and in the bottom
row, recall and precision values of the methods on
each failure category are presented, respectively.

Predicted Category
0 1 2
692 0 3
o 99.57%
& 0 94.92% 0.00% 0.41%
w
I 2 0 0
S 0.00%
= 1 0.27% 0.00% 0.00%
=
g 10 0 22
< 68.75%
2 137% 0.00% 3.02%

98.30% = 88.00% -

Figure 1. Confusion matrix of LR

Predicted Category
0 1 2
690 0 5
B ) ) 99.28%
gJ 0 94 65% 0.00% 0.69%
= 0 0 2
O 0.00%
'_'E 1 0.00% 0.00% 0.27%
g 6 0 26
2 81.25%
2 0.82% 0.00% 3.57%

99.14% = 78.79% -

Figure 2. Confusion matrix of MLP

Predicted Category
0 1 2
- 695 0 0
Z 100.00%
& 0 95.34% 0.00% 0.00%
1
= 0 2 0
9 100.00%
= 1 0.00% 0.00% 0.00%
g 0 0 32
< 100.00%
2 0.00% 0.00% 4.3%%

100.00% = 100.00% -

Figure 3. Confusion matrix of LSTM

All applied methods have reached a high overall
accuracy. LSTM is the best with 100% accuracy, while
LR is the last with 97.94% accuracy. Performances of
the applied methods in terms of precision, recall, and
F1 Score evaluation metrics are presented in Table 4.
The results have indicated that LSTM has 100%
performance for each category for each evaluation
metric. The most important point revealing the success
of LSTM s that it accurately predicts the class of
Category 1 (Filter change), which occurs only twice in
the whole test set. LR and MLP have been inadequate
to predict the class of these two observations in
Category 1. LR has predicted Category 1 as Category 0
(No failure), while MLP has predicted Category 2
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(Feeding failure). The precision of LP and MLP for
Category 1 is obtained as undefined from 0 divided by
0. Therefore, F1 Scores cannot be calculated.

Both LR and MLP have reached high precision,
recall, and F1 Score over Category 0. However, MLP
has better precision and F1 Score for Category O than
LR, while LR has a higher recall value over Category 0
than MLP. Therefore, in parallel with this study’s aim,
to test and compare LR and MLP performances, it is
more appropriate to emphasize Category 2 (Feeding
failure) rather than Category 0.

LR has achieved a higher precision value over
Category 2 than MLP. This result has revealed that the
portion of the classes that LR predicts as Category 2
actually to be Category 2 is higher than MLP. On the
other hand, MLP has yielded more successful results
than LR in recall and F1 Score for Category 2. It
implies that the ratio of actual “Feeding failure”
detected correctly by MLP is higher than LR.

Table 4 Prediction performances of the methods on the testing set

A 5-fold cross-validation procedure has been
carried out to assess the validity of the models. As a
result, the overall accuracy of LR, MLP, and LSTM
methods have been obtained as 97.89%, 98.76%, and
99.26%, respectively.

In addition to overall accuracy, precision, recall,
and F1 score for each category for each method have
been calculated. The results presented in Table 5
indicate that LSTM has the best performance for all
metrics. For example, while LR and MLP could not
detect any observations of Category 1, LSTM has
correctly predicted 66.67% of Category 1 observations.

The results of 5-fold cross-validation have also
confirmed that LSTM has the most successful
performance in all failure categories for the problem
examined in this study.

LR MLP LSTM
Category Precision Recall F1 Score Precision Recall F1 Score Precision Recall F1 Score
0 98.30% 99.57% 98.93% 99.14% 99.28% 99.21% 100.00%  100.00%  100.00%
1 - 0.00% - - 0.00% - 100.00%  100.00%  100.00%
2 88.00% 68.75% 77.19% 78.79% 81.25% 80.00% 100.00%  100.00%  100.00%

Table 5. Prediction performances of the methods with 5-fold cross-validation

MLP LSTM
Recall F1 Score Precision Recall F1 Score

LR
Category Precision Recall F1 Score Precision
0 98.55% 99.25% 98.90% 99.16%
1 - 0.00% - -
2 82.87% 72.69% 77.25% 91.31%

99.60% 99.38% 99.52% 99.77% 99.64%
0.00% - 66.67% 77.78% 68.89%
84.35% 86.87% 94.86% 90.24% 92.30%

5. Conclusions

This study addresses the problem of failure
classification, which takes an important role in our
age’s manufacturing vision, based on the actual process
data. The problem’s application is conducted using the
actual process data obtained from the plastic extrusion
process of an insulation company. The study aims to
contribute to the literature by addressing the failure
classification problem in the plastic extrusion process
and applying a deep learning method, LSTM, to the
problem. In addition to LSTM, machine learning
methods of MLP and LR are also applied, and
performances of the models are compared based on
accuracy, precision, recall, and F1 Score measures.

The models’ class prediction accuracy has been
obtained within a high range of 97.94% (LR) and
100.00% (LSTM). LSTM has classified all failure
categories correctly. LR and MLP have reached a
considerable and close performance in classifying
Category 0 and Category 2, but they have been
insufficient to predict the class of Category 1.

LSTM, as a deep learning method, has performed
better than the considered machine learning methods
and had 100% accuracy even though the problem
dataset contains an extremely low number of Failure-1
observations. Further studies might test the models
with larger datasets, including sufficient failure
observations and more process parameters.
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Oz

Kanser diinya genelinde pek ¢ok insanin dliimiine sebep olan en 6nemli hastaliklardan biridir. Ozellikle gogiis kanseri kadinlar arasinda
en ¢ok rastlanan hastaliklarin baginda yer almaktadir. Bu sebeple kanser hastaliginin teshisi ile alakali herhangi bir gelisme insanlarin
saglikli bir yasam siirmesi agisindan oldukga 6nemlidir. Giiniimiizde makine 6grenmesi yontemlerinin kullanilmasi, kanser hastaliginimn
erken teshisi ve tahmini i¢in yapilan ¢alismalara biiyiik katkilar saglamaktadir. Bu galismada da k-En Yakin Komsu, Destek Vektor
Makinalari, Naive Bayes, Karar agaglari ve Yapay Sinir Aglar gibi bes farkli makine 6grenmesi yontemleri Kaggle platformunda yer
alan iki farkli gogiis kanseri veri kiimesi tizerinde uygulanmigtir. Elde edilen sonuglar dogruluk degerleri ve karmagiklik matrisi
degerleri ile verilerek kargilagtirnlmigtir. Birinci gogiis kanseri veri kiimesi i¢inde %98,2456 dogruluk oraniyla ve ikinci gogiis kanseri
veri kiimesinde %93,8596 dogruluk oraniyla Yapay Sinir Aglari (YSA) yonteminde en yiiksek dogruluk degerleri elde edilmistir.

Anahtar kelimeler: Makine 6grenmesi, gogiis kanseri, siniflandirma, erken teshis.

Diagnosing Breast Cancer Using Machine Learning Methods

Abstract

Cancer is one of the most important diseases that cause the death of many people around the world. Especially, breast cancer is one of
the most common diseases among women. For this reason, any development related to the diagnosis of cancer is critical for people to
live healthy lives. Today, the use of machine learning methods makes great contributions to studies for the early diagnosis and
prediction of cancer disease. In this study, five different machine learning methods such as k-Nearest Neighbor, Support Vector
Machines, Naive Bayes, Decision Trees, and Artificial Neural Networks were applied on two other breast cancer datasets on the Kaggle
platform. The obtained results were compared by giving accuracy values and confusion matrix values. The highest accuracy values
were obtained in Artificial Neural Networks (ANN) method with an accuracy rate of 98.2456% in the first breast cancer dataset and
93.8596% in the second breast cancer dataset.

Keywords: Machine learning, breast cancer, classification, early diagnosis.

Kadinlar arasindaki en yaygin kanser tiirleri ise
g0giis, akciger ve kalin bagirsak kanserleri olup, bu ii¢
kanser tiirii kadinlarda meydana gelen tim kanser
vakalarinin yarisin1 olusturmaktadir. Ayrica meme
kanseri kadinlarda teshis edilen yeni kanser vakalarinin
%30’1uk gibi bityiik bir boliimiine karsilik gelmektedir

1. Giris (Introduction)

Kanser diinya genelinde en ¢ok insan 6liimiine sebep
olan hastalik tiirleri arasinda ikinci sirada yer almaktadir
ve 2018 yilinda diinya genelinde yaklasik olarak 9,6

milyon insan kanser hastaligindan dolayr hayatimi
kaybetmistir. Yapilan aragtirmalarda diinyadaki her 6
oliimden 1 tanesinin kanser yiiziinden gergeklestigi
goriilmektedir. Ozellikle, az ve orta gelismis iilkelerde
meydana gelen oliimlerin %70’ de yine kanser
hastaligindan kaynaklanmaktadir (Cancer, 2021).

* Sorumlu Yazar.
E-posta adresi: ebruaydindag@gmail.com

(Siegel vd., 2018).

Bu derece yaygin olan bir hastaligin erkenden teshis
edilmesiyle alakali yapilacak ¢aligmalarin oldukga
onemli oldugu acikca goriilmektedir. Ozellikle kanser
hastalig1 tizerinde gergeklestirilen makine 6grenmesi
uygulamalart  incelendiginde, makine 6grenmesi
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tekniklerinin ~ kanser  hastaliginin  erken teshis
edilebilmesi ve Ongoriilebilmesi agisindan oldukga
kullanigh oldugu agiktir. Makine 6grenmesi yontemleri
var olan verilerin analiz edilmesini ve veri kiimesinde
var olan iliskileri ve 6nemli bilgilerin karakteristik
ozelliklerinin elde edilmesini saglar. Ayrica, verinin iyi
sekilde tanimlanabilmesi saglayan bir hesaplamali bir
model tiretir. (Maity ve Das, 2017).

Poyraz (2012) c¢alismasinda Wisconsin gogiis
kanseri veri seti iizerinde veri madenciligi metotlarini
uygulayarak, sonuglart basarim Olgiitlerine gore
kargilagtirmistir.  J48  algoritmasi  Karar  agaci
algoritmasi, Naive Bayes, Lojistik Regresyon ve érnek
tabanli simflandirma algoritmasi olarak K-Star metotlari
WEKA c¢alisma ortaminda kullanilmigtir. Calismanin
sonucunda dogruluk degerleri agisindan Lojistik
Regresyon algoritmasinin diger algoritmalara oranla
daha iyi sonug verdigi gériilmistiir (Poyraz, 2012).

Ahmad vd., (2013) c¢esitli makine Ogrenmesi
tekniklerini gogiis kanseri hastaliginin iki yil ig¢inde
yeniden ortaya c¢ikabilme durumunun tahmin
edilmesiyle ilgili kullanmislardir. Calismalarinda
Tahran Ulusal Kanser Enstitlisii veri tabaninda yer alan
ve 1997-2008 yillar1 arasim1 kapsayan ICBC (Iranian
Center for Breast Cancer) gogiis kanseri veri setini
incelemiglerdir. Veri setinde eksik olan degerler
Beklenti Maksimizasyonu algoritmasi kullanilarak
diizenlenmistir. Makine o6grenmesi yontemlerinden
Karar Agaci (C4.5), Destek Vektor Makinalari (DVM)
ve Yapay Sinir Aglart (YSA) uygulanmustir. GOgiis
kanserinin yeniden tekrarlanmasinin tahmini tizerine
yapilan bu ¢aligmada en yiiksek dogruluk ve en az hata
orant DVM yo6nteminde elde edilmistir.

Iseri (2014) mamogram goriintiilerine makine
Ogrenmesi yontemlerini uygulayarak gogiis kanserinin
teshis edilebilmesi {izerinde ¢alismustir. Calisma
mamogram  goriintiilerindeki  mikro  kireglenme
bolgelerinin tespiti ve bu bolgelerin kétii ya da iyi huylu
olma durumlarina gore simiflandirilmasi olacak sekilde
iki asamada gergeklestirilmigtir. MATLAB ortaminda
g0giis kanseri tespit sistemi isimli (BCDS:Breast Cancer
Detection System) bir yazilim gelistirilmistir. Dort adet
ozellik ¢ikarim yontemi ile Cok Katmanli Yapay Sinir
Ag1 ve Destek Vektor Makinalari siniflandirict olarak
kullanilarak  g6giis  kanseri  bulgularinin  tespiti
amaglanmustir.

Sik (2014) calismasinda kanser hastaliginin erken
teshis edilebilmesinde veri madenciligi uygulamalarinin
etkisini aragtirmistir. Wisconsin Gogiis Kanseri veri
setine WEKA ortaminda Bayes Agi, Naive Bayes, Cok
Katmanli Algilayici, Basit Lojistik, Olasiliksal Gradyan
Inis, Sirali Minimal Optimizasyon, 1B1, K-Yildiz,
PART, Lojistik Model Agaclar1 ve Rassal Ormanlar gibi
cesitli  smiflandirma  yontemlerini  uygulamistir.
Smiflandirma sonuglarin1  karsilastirilirken  Kappa
istatistigi, dogruluk, kesinlik, duyarlilik, F-olgiiti ve
ROC alani gibi parametreler g6z 6niine alinmustir. 0,94
Kappa istatistigi, %97,40 dogruluk, 0.97 kesinlik, 0,99
duyarlilik 0,98 F-6l¢iiti ve 1,00 ROC alani sonuglarina

gore Basit Lojistik siniflandirma yontemi en iyi sonucu
vermistir.

Asri vd., (2016) UCI Makine Ogrenmesi Veri
Havuzunda yer alan Wisconsin meme kanseri veri setine
Destek Vektor Makinalari, Karar Agaci (C4.5), Naive
Bayes ve k-En Yakin Komsu makine &grenmesi
algoritmalarmi  WEKA  ortaminda uygulamiglardir.
Yapmis olduklar1 ¢alismada siniflandirma modellerini
degerlendirirken dogruluk, hassasiyet, duyarhilik ve
ozgillik parametreleri  kullanilmistir.  Uygulamanin
sonucunda Destek Vektor Makinalarn %97,13 gibi
yiiksek dogruluk orani ve %0.02 hata oraniyla en iyi
sonucu vermistir.

Bazazeh ve Shubair (2016) gogiis kanserinin erken
teshis edilmesiyle ilgili yapmig olduklar1 bu ¢aligmada
Destek Vektor Makinalari, Rastgele Orman ve Bayes
Ag1 yontemlerini Wisconsin gogiis kanseri veri setine
uygulamiglardir. WEKA yazilimimin kullamildigi bu
calisgmada duyarlilik ve hassasiyet degerlerine gore
Bayes Ag1 en iyi performansi gostermistir. ROC egrisi
parametresi dikkate alindiginda ise Rastgele Orman
yOntemi en iyi sonucu vermistir. Dogruluk, 6zgiinliik ve
hassasiyet cinsinden ise en iyi performansi Destek
Vektor Makinalart gostermistir.

Anwer (2017) tez ¢alismasinda Python ortaminda
Wisconsin gogiis kanseri veri seti iizerinde gesitli derin
Ogrenme  algoritmalarmi  uygulayarak performans
sonuglart {izerinden karsilastirma yapmistir. Tam
baglantili sinir aglari, konvoliisyon sinir aglari, basit
tekrarlayan sinir aglari, uzun kisa dénem yapay sinir
aglar1 ve kapili yinelenen birim sinir aglar1 gibi ¢esitli
derin 6grenme yontemleri kullanilmigtir.  Ayrica
calismada Naive Bayes, k-En Yakin Komsu, Lojistik
Regresyon ve Karar Agac gibi klasik makine 6grenmesi
yontemleri de uygulanmigtir. Calismanin sonucunda
derin dgrenme yontemlerinin klasik makine 6grenmesi
yontemlerine gore daha istiin ¢alistigi sonucu elde
edilmistir. Konvoliisyon sinir ag1 yénteminde %99,30
ile en yiiksek dogruluk degeri elde edilmistir.

Maity ve Das (2017) Image J programini Kullanarak
gogiis kanseri hiicre goriintiilerinden 6zellik ¢ikarimi
gergeklestirmis ve Yapay Sinir Ag1 (YSA) algoritmasini
uygulamiglardir. Calismanin sonucunda %90 dogruluk
orani ile gogiis kanseri hiicre goriintiileri dogru sekilde
siniflandirilabilmigtir.

Turgut (2017) yapmis oldugu tez calismasinda
Python  ortaminda ¢esitli makine  Ggrenmesi
yontemlerini iki farkli mikro dizi gogiis kanseri veri
setlerine uygulamigtir. Caligmada O6znitelik secimleri
yapilarak makine Ogrenmesi metotlariyla yiiksek
dogrulukta tahmin yapilabilmesi amaglanmstir.
Calismada DVM, YSA, k-EYK, Karar Agaclar,
Rastgele Orman, Lojistik Regresyon, Adaboost ve
Gradyan Boosting Makina algoritmalar1 kullanilmigtir.
Iki gogiis kanseri veri kiimesinde de &znitelik
yontemlerin uygulandiktan sonra en yiiksek dogruluk
DVM yonteminde, en diisiik dogruluk Karar Agaclari
yonteminde elde edilmistir. Ayrica iki veri kiimesinde
de kullanilan ayni Oznitelik yontemleri ¢alismada
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uygulanan tim makine 6grenmesi algoritmalarinda
birbirine yakin sonuglar vermistir.

Sherafatiyan (2018) c¢alismasinda gogiis kanseri
hastalarinin miRNA ekspresyon veri setlerini kullanip
minimal biyo-belirtegleri belirlemek igin aga¢ tabanli
smiflandirma modellerinden yararlanmistir. Onerilen
biyo-belirteglere ek  olarak  gogiis  kanseri
smiflandirmasindaki en o6nemli mikro RNA’larda
aciklanmistir.

Turgut vd. (2018) ¢esitli makine &grenmesi
yontemlerini iki farkli mikro dizi gogiis kanseri veri seti
tizerinde uygulayarak veri simflandirmasi yapmiglardir.
Rastgele lojistik regresyon ve yinelemeli 6znitelik
eleme ozellik se¢cim yontemleri kullanilarak yiiksek
dogrulukta kanser teshisinin yapilmasi amaglanmistir.
iki farkli 6zellik segim yontemi uygulandiktan sonra iKi
mikro dizi goglis kanseri veri seti i¢inde destek vektor
makinalari en iyi performansi gostermistir.

Aydindag Bayrak vd., (2019) Wisconsin (orijinal)
gogiis kanseri veri seti iizerinde yapmis oldugu
calismada, WEKA ortaminda Destek Vektor Makinalari
ve Yapay Sinir Ag1 makine dgrenmesi yontemlerini
uygulamiglardir. Algoritmalarin sonuglar1 dogruluk,
hassasiyet, duyarlilik ve ROC alani gibi performans
metriklerine gore karsilastirildiginda Destek Vektor
Makinalart (SMO algoritmasi) en iyi performansi
gostermistir.

Dhahri vd. (2019) makine 6grenmesi algoritmalarina
dayanarak otomatik olarak gogiis kanserinin teshis
edilebilmesi iizerine ¢alismislardir. Ozellik tabanli &n
isleme yontemleri ve smiflandirma algoritmalarinin
birlestirilerek kullanilmasinin gogiis kanserinin teshisi
tizerinde daha iyi sonug verebilecegini agiklamiglardir.

Ganggayah vd. (2019) makine G6grenmesi
modellerini kullanarak go6giis kanseri hastaligindan
hayatta kalabilmek i¢in o6nemli olan prognostik
faktorleri belirlemeye calismiglardir. Destek Vektor
Makinasi, Rassal Agag, Yapay Sinir Aglari, EKstrem
Boost, Lojistik Regresyon ve Karar Agaci gibi pek ¢ok
makine 6grenmesi algoritmasi ¢alismada kullanilmustir.
Rastgele Orman yontemi diger yontemlere oranla biraz
daha yiiksek performans sergilemistir. Buna ragmen
calismada kullanilan tiim algoritmalar birbirine yakin
dogruluk degerleri vermistir.

Tapak vd. (2019) gogiis kanseri hastalar1 iizerinde
yapmis olduklart ¢alismada makine 6grenmesi
yontemlerini  Kullanarak hayatta kalma ve metastaz
tahmininde bulunmuslardir. Naive Bayes, Rassal
Orman, AdaBoost, Destek Vektér Makinast En Kiigiik
Kareler Destek Vektor Makinasi, Adabag, Lojistik
Regresyon ve Lineer Diskriminant Analizi yontemlerini
uygulamislardir.

Tseng vd. (2019) makine dgrenmesi teknolojilerini
kullanarak gogiis kanseri metastazini belirlemek iizerine
calisma yapmuglardir. Rastgele Orman temelli makine
ogrenmesi modelinin g6giis kanseri metastazini en az {i¢
ay oOnceden tahmin etmek igin en uygun ydntem
oldugunu belirlemislerdir.

Magna vd. (2020) hastalarmm tibbi ge¢mis
bilgilerinden faydalanarak  gogiis kanserinin
smiflandirmasinda makine 6grenmesi, derin 6grenme ve
kelime yerlestirme uygulamalarmin kullanilmasi
tizerinde ¢aligma yapmiglardir. Hekimin karar vermesini
destekleyen bir oOneri sistemi ortaya koymaya
calismislardir.

Reddy vd. (2020) destek degerine sahip derin sinir
ag1 (DNNS) yontemini gogiis kanseri teshisi igin
kullanmigtir. Deneysel sonuglara gore, Onerilen
DNNS'nin mevcut yontemlerden daha iyi sonuglar
verdigi kanitlanmustir.

Saxena ve Gyanchandani (2020) histopatolojiyi
kullanarak bilgisayar destekli gogiis kanseri teshisi
yapabilmek igin makine Ogrenmesi yontemlerini
incelemiglerdir. Pek ¢ok farkli yaklasimi inceledikten
sonra gogiis kanseri iizerine yapilan makine 6grenmesi
caligmalarinin  genellikle derin 6grenme konusunda
yogunlastig1 goriilmiistiir.

Bu c¢alismada da popiiler makine Ggrenmesi
yontemlerinden olan k-En Yakin Komsu, Destek Vektor
Makinalar1, Navie Bayes, Karar Agaci ve Yapay Sinir
Aglarn Kaggle platformunda yer alan iki farkli gogiis
kanseri veri kiimesine uygulanmistir. Uygulamada elde
edilen sonuglar dogruluk performans metrigi ve
karmagsiklik ~ matrisine  gore  karsilastirilmigtir.
Calismanin devaminda, ikinci boliimde kullanilan veri
kiimelerinin ve makine 6grenmesi yontemleri kisaca
agiklanmaktadir. Ardindan uygulamanm deneysel
sonuglari, tartisma ve sonug¢ boliimleri ile ¢alisma sona
ermektedir.

2. Materyal ve Yontem (Material and Method)

2.1. Veri seti (Data set)

Bu c¢aligmada gogiis kanseri smiflandirmasi igin
Kaggle platformunda yer alan iki farkli gogiis kanseri
veri kiimesi kullanilmugtir. Birinci veri kiimesinde 30
adet ozellik icermekte olup toplamda 569 kayit yer
almaktadir. Ikinci veri kiimesinde ise 569 kayt yer alip
5 adet Ozellik icermektedir. Bu niteliklerden bazilar
ortalama yarigap, ortalama doku, ortalama cevre,
ortalama alan ve ortalama yumusakliktir. Veri seti
Wisconsin-Madison Universitesi Hastanesinden elde
edilmistir (Kaggle, 2020).

2.2. Kullanilan makine égrenmesi yontemleri
(Utilized machine learning methods)

Yapilan calismada iki farkli g6giis kanseri veri
kiimesi igin kategorik verilerin niimerik verilere
donustiiriilmesi, gereksiz verilerin atilmasi, tekrarlanan
verilerin kaldirilmasi, normallestirme gibi veri 6n isleme
basamaklar1  gerceklestirilmistir. Veri 06n isleme
basamagindan sonra elde edilen verilere k-En Yakin
Komsu, Destek Vektor Makinalari, Karar Agaci, Naive
Bayes ve Yapay Sinir Aglari gibi popiiler makine
Ogrenmesi yontemleri Jipiter notebook ortaminda
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uygulanmigtir. Asagida calismada kullanilan makine
6grenmesi siniflandirma yontemleri kisaca
aciklanmaktadir.

2.2.1 k-En Yakin Komsu (k-Nearest Neighbor)

k-En Yakin Komsu algoritmasi basit ve etkili, ayn
zamanda da gigclii bir smiflandirma yontemidir.
Verilerin  siiflandirilmasinda,  verilerin  birbirleri
arasindaki mesafe 6l¢timii kavrami kullanilmaktadir. Bu
yontem bir denetimli 6grenme yontemidir, bu nedenle
tiim veriler etiketlidir ve her bir veri parcasinin hangi
smifa girmesi gerektigi bilinmektedir. Etiketsiz yani
yeni bir veri pargasi Dbize verildiginde ise,
smiflandirilmasi igin yontemde uygulanan adimlar
asagidaki gibi 6zetlenmektedir (Harrington, 2012):
1. Kk parametresi belirlenir. k, yeni verilere en
yakin olan komsularin sayisidir.
2. Yeni veri (test) ile mevcut veri (egitim)
arasindaki mesafeler hesaplanir.
3. En yakin mesafe degerleri secilir. (En yakin
komsu bulunur.)
4. Hangi smifta en fazla sayida benzer veri
bulursa yeni veriler o sinifa diiser.

Calismada k-en yakin komsu algoritmasi
uygulanirken, en yakin komsu parametresi k=3 olarak
belirlenmistir.
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Sekil 1: k-en yakin komsu algoritmasinin mimarisi (Ruan vd.,
2017°den uyarlanmigtir) (Architecture of the k-nearest neighbor
algorithm)

2.2.2 Destek Vektor Makinalar: (Support Vector
Machines)

Destek Vektor Makinalari (DVM) algoritmasi ilk
kez Vladimir Vapnik (1995) tarafindan gelistirilmistir.
DVM en temel haliyle destek vektorlerini kullanarak
veri siiflarini birbirinden ayirmak igin en uygun hiper
diizlemi bulmaya c¢alisan, smiflandirma ve regresyon
i¢in kullanilabilen bir makine 6grenme yontemi olarak
agiklanmaktadir. Bu yontemde 6ncelikle iki veri simifini

ayirmak igin en uygun hiper diizlemin bulunmasi
amaglanir ve ardindan veri siiflarmin aralarindaki
marjin maksimize edildiginde iki smif birbirinden
ayrilmaktadir. Eger simflar basit bir hiper diizlemle
birbirinden ayrilmazsa, veriler daha yiiksek boyutlu yeni
bir alana aktarilir ve verileri ayirabilmek igin hiper
diizlemin bulunmasi amaglanir (Burakgazi, 2017).

Calismada DVM yontemi uygulanitken C
diizenleme parametresi 1 olarak belirlenmistir. Ayrica
cekirdek olarak radyal tabanli kernel fonksiyonu ve
gamma parametresinin degeri ise otomatik olarak tercih
edilmistir.

Hiper diizlem A

A
A A

——————— Destek
A Vektorleri

. Maksimum
Marjin

X

Sekil 2: Destek Vektor Makinalari algoritmasinin mimarisi
(Alpaydin (2014)’ten uyarlanmistir) (Architecture of the Support
Vector Machines algorithm)

2.2.3. Sade Bayes (Naive Bayes)

Naive Bayes Smiflandirici, Bayes teoremine
dayanan en popiiler siniflandirma yontemlerinden bir
tanesidir. Cok basit bir yontemdir, dyle ki sadece az
miktarda egitim verisiyle bile verilen G6rnekler
smiflandirabilmektedir. Mevcut ve geemis frekans
olaylarim1 hesaplamak igin kullanilan Naive Bayes
algoritmas1 asagidaki gibi agiklanabilir (Umadevi ve
Marseline, 2017):

P(A|B) = (P(B|A) * P(A))/P(B) o)

P(A): A'min onsel olasiligi, yalnizca A'nin
olusumlarin1 saymaktadir.

P(A|B): B verildiginde A'nin kosullu olasiligidir.
Ayrica sonsal olasilik olarak adlandirilip,
Amin  B'den tiiretildigi  anlamina
gelmektedir.

P(BJA): A verildiginde B’nin kosullu olasiligidir.

P(B): B'nin onsel olasihigidir.

2.2.4. Karar Agaglar: (Decision Trees)

Karar agaglar1 algoritmasinin temeli bl ve yonet
stratejisine  dayanmaktadir. Karar digimleri ve
yapraklardan olusan hiyerarsik bir yapiya sahiptir
(Umadevi ve Marseline, 2017).

Karar agaci yonteminde 6ncelikle verileri bolmek
icin hangi o6zelligin kullanilacagina karar verilmelidir.
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Bunun i¢in her 6zellik ve 6l¢iim denenmeli ve ardindan
elde edilen en iyi sonuglara goére veri kiimelerini alt
kiimelere bolebiliriz. Yontemin uygulama adimlart
asagidaki gibi 6zetlenebilir (Harrington, 2012):
1. Oncelikle tiim veri seti kullanilir.
2. Veri kiimesi, bir 6zelligin degerine gore iki alt
gruba ayrilir. (Béliinen en iyi 6zellik)
3. Ogzelligin tiimii ayn1 sinifta olana kadar her alt
kiimeye ayni prosediir uygulanir. Aksi halde
bolme islemine devam edilir.

Kok Diigiim

Evet Hayir

Karar Diigimii

Evet Hayrr  Eve ayir

Yaprak Diigimii

Sekil 3: Karar Agaci algoritmasinin yapisi gosterilmektedir
(Alpaydin (2014)’ten uyarlanmustir) (The structure of the
Decision Tree algorithm)

2.2.5. Yapay Sinir Aglar: (Artificial Neural
Networks)

Yapay Sinir Aglarmm (YSA) miihendislik
calismalarindaki amaci  sadece insan  beynin
modellenmesi degildir. Amag¢ yapay sinir aglarim
kullanarak daha iyi bilgisayarlar yapmak ve insanlara
fayda saglamaktir. Insan beyni gériintii, konusma,
O0grenme ve tamima gibi yetenekleri agisindan bir
mithendislik iiriiniinden fazlasidir ve bu yeteneklerin
yapay zekd aglann  araciligiyla  bilgisayarlara
uygulanmasi olduk¢a 6nemlidir (Umadevi ve Marseling,
2017).
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Sekil 4: Yapay Sinir Aglarinin (YSA) temel yapis1 (Atalay ve
Celik (2017)’den uyarlanmistir) (Basic structure of Artificial
Neural Networks (ANN))

Calismada Y SA uygulanirken Keras’taki Sequential
model tipi kullanilmigtir. Girig ve ¢ikis katmanlari dahil
olmak tizere toplamda 5 katmanli bir YSA modeli insa
edilmistir. 3 gizli katmanda noron sayisi sirasiyla 32, 16
ve 8 olarak belirlenmis ve Dogrultulmus Dogrusal Birim
(ReLu-Rectified Linear Unit) aktivasyon fonksiyonu
kullanilmigtir.  Dongli  sayist  (epoch) 50, kiime
biyiikliigii (batch size) ise 10 olarak belirlenmistir.
Ayrica diger katmanlarda Dogrultulmus Dogrusal Birim
(ReLu-Rectified Linear Unit) ile Sigmoid aktivasyon
fonksiyonu da kullanilmustir.

YSA modeli derlenirken optimizer i¢in adam
algoritmasi, loss fonksiyonu i¢in binary_crossentropy
algoritmas1 ve metrik parametresi i¢in dogruluk degeri
kullanilmusgtir.

3. Bulgular ve Tartisma (Results and
Discussion)

Yapilan calismada iki farkli g6giis kanseri veri
kiimesi i¢in yukarida bahsedilen bes farkli makine
ogrenmesi yontemleri kullanilmistir. Veri kiimeleri igin
baz1 veri 6n isleme basamaklar1 gergeklestirilmistir.
Veri 6n islemenin ardindan yapilan uygulamalarda,
birinci veri kiimesi i¢in en yiiksek dogruluk orani ile
Yapay Sinir Aglar1 (YSA) yonteminde elde edilmistir.
Tablo 1’de wuygulanan bes makine Ggrenmesi
yonteminin  dogruluk degerleri karsilagtirilmigtir.
Sonuglara bakildiginda, YSA yonteminde dogruluk
degeri %98,2456 olarak hesaplanmigtir. YSA’dan sonra
en yiksek dogruluk degeri ise Destek Vektor
Makinalarinda (DVM) elde edilmistir. Bu sonuglari
sirastyla k-En Yakin Komsu, Naive Bayes ve Karar
Agaci algoritmalari takip etmektedir.

Tablo 1: Birinci veri kiimesi igin makine Ogrenmesi
yontemlerinin dogruluk degerlerinin gdsterilmesi
(The accuracy values of machine learning methods for the first dataset)

_Uygulanan Makine
Ogrenmesi Yontemleri

Dogruluk
Oram (%)

k-En Yakin Komsu 94,7368
Destek Vektor
Makinalari 97,3684
Naive Bayes 92,1053
Karar Agact 86,8421
Yapay Sinir Aglari 98,2456

Tablo 2°de ise YSA yontemine ait karmasiklik
matrisi (confusion matrix) gosterilmistir. YSA yontemi
icin yapilan testlerde ise performans metriklerinden f1
skoru 0,961538 olarak bulunmustur. Ayrica duyarlilik
ve hassasiyet degerleri 0,961538 olarak bulunmustur.
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Tablo 2: Birinci gogiis kanseri veri kiimesine uygulanan YSA
yonteminin karmagiklik matrisi (The complexity matrix of the
ANN method applied to the first breast cancer dataset).

TAHMIN
Pozitif Negatif METRIKLER
Pozitif TP=25 FP=1 Hassasiyet=
= ™ _-0.961538
O TP+FP
7
=
&)
Duyarlilik=
Negatif FN=1 TN=87 ™
——=0.961538
TP+FN
Dogruluk = —"%—=0.982456 | F1 Skoru =2x
Hassayiyet * Duyarhlik _
Hassayiyet + Duyarllllk_0'9615
38

Ikinci gogiis kanseri veri kiimesi icin en yiiksek
dogruluk oran1 yine Yapay Sinir Aglar1 (YSA) yontemi
ile elde edilmistir. Tablo 3°te de uygulanan bes farkli
simiflandirma  yontemlerinin -~ dogruluk  degerleri
kargilagtirilmistir. %93,8596 dogruluk degeriyle YSA
yonteminde en yiiksek dogruluk degeri hesaplanmistir.
YSA’dan sonra en yiiksek dogruluk degeri birinci veri
kiimesinde oldugu gibi Destek Vektor Makinalarinda
elde edilmistir. k-En Yakin Komsu, Naive Bayes ve
Karar Agacit yontemleri sirasiyla dogruluk degerleri
siralamasinda yer almaktadir.

Tablo 3: Ikinci veri kiimesi icin makine o6grenmesi
yontemlerinin dogruluk degerlerinin gOsterilmesi
(Demonstrating the accuracy values of machine learning methods for
the second dataset)

_ Uygulanan Makine Dogruluk
Ogrenmesi Yontemleri Orani (%)
k-En Yakin Komsu 90,3509

Destek Vektor

Makinalar1 92,1053
Naive Bayes 89,4737
Karar Agact 85,0877
Yapay Sinir Aglar 93,8596

Ikinci gogiis kanseri veri kiimesi igin Yapay Sinir
Aglar1 (YSA) ile yapilan testlerde f1 skoru 0,959537
olarak bulunmustur. Ayrica duyarhlik degeri 0,943181
ve hassasiyet degerleri 0,976470 olarak hesaplanmustir.
Tablo 4’te YSA yontemine ait karmagiklik (confusion)
matrisi gosterilmistir.

Tablo 4: Tkinci gogiis kanseri veri kiimesine uygulanan YSA
yonteminin karmagiklik matrisi (The complexity matrix of the
ANN method applied to the second breast cancer dataset).

TAHMIN
Pozitif Negatif METRIiKLER
Pozitif | TP=83 FP=2 Hassasiyet=
= P _-0.976470
[ &) TP+FP
&
=
&}
Duyarlilik=
Negatif | FN=5 TN=24 P
=0.943181
TP+FN
Dogruluk= ———+N _—0g3g596 | F1 ~ Skoru  =2%
TP+TN+FP + FN
Hassayiyet * Duyarhlik _
Hassayiyet + Duyarllllk_ ’
59537

Uygulanan makine 6grenmesi yontemlerinin

performans sonuglar1 dogruluk degerlerine gore
karsilastirilmigtir. Bu sonuglara gore Yapay Sinir Aglar
yontemi ¢alismada kullanilan diger makine 6grenmesi
yontemlerine goére bu problemin siniflandirilmasinda
daha iyi performans sergilemistir. iki farkli gogiis
kanseri veri kiimesi i¢inde yapilan ¢aligmada YSA
yonteminde en yiksek dogruluk degerleri elde
edilmistir.
Kanser hastaliginin erken teshisi ve tamsi ile ilgili
bilgisayar destekli ¢alismalarin yiiksek dogruluk
oranmyla gergeklesmesi hastaligin tedavisi agisindan
onemli bir adimdir. Kanser hastaligindan kaynakli
kayiplar diigiiniildiigiinde erken teshis ile ilgili herhangi
bir gelisme oldukga biiyiik 6nem tagimaktadir.

Kanser hastaliginin erken teshis edilebilmesine katki
saglamak adina yapilan bu g¢aligmada Kaggle
platformunda yer alan iki farkli gogiis kanseri veri
kiimesi  kullanilarak, farkli makine Ggrenmesi
yontemleriyle siniflandirma iglemi gergeklestirilmistir.
k-En Yakin Komsu, Destek Vektor Makinalari, Navie
Bayes, Karar Agaci ve Yapay Sinir Aglar iki farkli
goglis kanseri veri kiimesine uygulanarak elde edilen
sonuglar dogruluk performans metrigi ve karmagiklik
matrisine gore karsilagtirlmistir.  Uygulanan  tiim
makine &grenmesi yontemlerinin dogruluk degerleri
genel olarak yiiksek hesaplanmustir. iki farkli gogiis
kanseri veri kiimesi iginde Yapay Sinir Aglar1 (YSA)
yonteminde diger siniflandirma algoritmalarina kiyasla
daha yiiksek dogruluk degeri elde edilmistir. Birinci
gbgis kanseri veri kiimesi i¢in YSA yonteminde
%98,2456, ikinci goglis kanseri veri kiimesi i¢inde
%93,8596 dogruluk degerleri hesaplanmistir.
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Abstract

Determining the strategies that Turkey need to focus at the renewable energy field is aimed in this study. For this, an integrated
method called the Fuzzy Sectional SWOT consisting of the Fuzzy AHP and the Sectional SWOT methods was used. Some
disadvantages of the traditional SWOT analysis are eliminated with the method used. Firstly, the renewable energy field was divided
into 6 sub-sections (hyropower, solar, wind, biomass, hydrogen and geothermal) according to the logic of Sectional SWOT analysis.
Then strengths, weaknesses, opportunities and threats for each of these sub-sections were determined using the Sectional SWOT
analysis. Weights were found with the Fuzzy AHP method for each of the renewable energy sources and they were prioritized
according to these weights. Finally, focus strategies related to renewable energy field for Turkey were obtained with the creation of
strategies related to renewable energy sources. Consequently, the focus strategies which should be primarily addressed are related to
use of renewable energy potential, social awareness about the renewable energy, government supports and incentives related to the
renewable energy, selection of suitable areas for renewable energy plants and domestic production of the constituent parts of
renewable energy plants.

Keywords: Renewable energy, Sectional SWOT, Fuzzy AHP, Strategy

Bulanik Par¢ali SWOT Kullanilarak Tiirkiye icin Yenilenebilir Enerjiye Iliskin

Odak Stratejilerin Belirlenmesi

Oz

Bu calismada, Tiirkiye'nin yenilenebilir enerji alaninda odaklanmasi gereken stratejilerin belirlenmesi amaglanmigtir. Bunun igin
Bulanik AHP ve Pargali SWOT yontemlerinden olusan Bulanik Pargali SWOT adi verilen entegre bir yontem kullanilmistir.
Geleneksel SWOT analizinin bazi dezavantajlari, kullanilan yontemle ortadan kaldirilmistir. Oncelikle, yenilenebilir enerji alam
Pargali SWOT analizi mantigina gore 6 alt-boliime (hidroelektrik, gilines, riizgar, biyokiitle, hidrojen ve jeotermal) ayrilmistir. Daha
sonra, bu alt boliimlerin her biri igin giiglii, zayif yonler, firsatlar ve tehditler, Par¢ali SWOT analizi kullanilarak belirlenmistir.
Bulanik AHP yontemi ile yenilenebilir enerji kaynaklarinin her biri igin agirliklar bulunmus ve kaynaklar bu agirliklara gore
onceliklendirilmistir. Son olarak, yenilenebilir enerji kaynaklarina ile ilgili stratejilerin olusturulmasi ile Tiirkiye igin yenilenebilir
enerji alanina iligkin odak stratejiler elde edilmistir. Sonug olarak dncelikli olarak ele alinmas: gereken odak stratejiler, yenilenebilir
enerji potansiyelinin kullanimi, yenilenebilir enerji konusunda toplumsal farkindalik, yenilenebilir enerji ile ilgili devlet destekleri ve
tesvikleri, yenilenebilir enerji santralleri i¢in uygun alanlarin se¢imi ve yenilenebilir enerji santrallerinin bilesenlerinin yerli iiretimi
ile ilgilidir.

Anahtar Kelimeler: Yenilenebilir enerji, Parcali SWOT, Bulanik AHP, Strateji
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1. Introduction

Due to reasons such as technological developments,
industrialization, population growth, the need for
energy in the world is constantly increasing and
available fossil resources are insufficient to meet this
need. Therefore, there has been an acceleration in the
search for renewable energy resources (RES) in the
world and this development has directed countries to
renewable energy. The term ‘“renewable” in RES
indicates the main feature of these technologies; the
unexplainable and renewable nature and the existence
of the basic energy source in human dimensions
(Eltrop 2013). The renewable energy is described by
Henrik Lund (2010) as “energy that is produced by
natural resources - such as sunlight, wind, rain, waves,
tides, and geothermal heat - that are naturally
replenished within a time span of a few years”. The use
of renewable energy goes back a long way. Renewable
energy sources were largely used before the
industrialization period and coal was used as the main
energy source in the mid-19th century (Asif and
Muneer 2007). Renewable energy and regenerative
energy technologies are of great interest today. It is
seen that new projects, new technologies and new
energy stakeholder groups are emerging everywhere.
Countries, regions and cities are competing to be the
best in energy rankings. So where does this change in
energy come from? (Eltrop 2013). Energy security,
economic impacts and CO, emission reduction are
three main factors which trigger the use RES
(Heshmati et al. 2015).

There are enormous potential renewable energy
sources worldwide that can provide clean energy such
as hydro power, solar, wind and biomass and can
increase the long-term supply of sustainable energy
(Asif and Muneer 2007). In 2018, the share of RES in
total electricity generation in the world was 26%. If it
is looked the situation of energy supply world-wide, of
the total 13.859.770 ktoe total energy supply in 2018,
only 1.975.678 ktoe (hydro: 362.327 ktoe; wind, solar,
etc.: 286.376 ktoe; biofuels and waste: 1.326.975 ktoe)
belong to RES. If the overall situation of Europe which
consists of 43 countries which also contain Turkey is
looked, of the total 1.975.678 ktoe total renewable
energy supply in 2018, only 303.893 ktoe belong to
Europe (IEA, 2021).

According to data of the Republic of Turkey
Ministry of Energy and Natural Resources (Online
2020), while %67.1 (from %37.3 coal, %29.8 natural
gas) of Turkey electricity production in 2018 were
supplied from nonrenewable energy sources, %31.5
(from %19.8 hydraulic energy, %6.6 wind, %2.6 the
sun, %2.5 geothermal energy) were supplied from RES
and the rest %1,4 were supplied from other sources. As
of the end of September 2019, the installed power in
electric energy was 90,720 MW and the distribution of
this power according to the sources is as in Table 1.

Table 1. In 2019 distribution of installed power in electric
energy according to the sources (Online 2020)

Sources of Energy Installed Power Capacity

Hydropower %31.4
Natural gas %28.6
Coal %22.4
Wind %8.1
Solar %6.2
Geothermal %1.6
Other sources %1.7

In this study, determining the focus strategies of
Turkey related to renewable energy based on the
increasing importance of renewable energy in the
world is aimed. The study which is structured based on
mentioned purpose, consists of 5 sections, including
the introduction. In the second part of the study, related
literature was mentioned. In the third part, the
Sectional SWOT and the Fuzzy AHP methods that
constitute the Fuzzy Sectional SWOT approach
proposed in the study, were mentioned. In the fourth
part, the proposed model was briefly mentioned and
Turkey's focus strategies related to renewable energy
were determined by making necessary analyses. In the
final part, the results were interpreted and the study
was completed.

2. Literature Review

Energy planning problems are in the category of
issues that countries should consider carefully.
Deciding on suitable energy alternatives and creating
energy policies are two important ones of these
problems. Since MCDM methods are suitable for the
structure of these problems, they are frequently used in
the literature to solve these problems. Since more
sensitive, concrete and realistic results are obtained
with Fuzzy MCDM, they are also widely used in
solving these problems. When the current literature is
examined, the most used method is Fuzzy AHP is seen.
Likewise, one of the most used methods in the
literature in strategy formulation is SWOT analysis.

2.1. Use of SWOT analysis or MCDM/fuzzy
MCDM methods in energy planning problems

Bas (2013) proposed an integrated SWOT-fuzzy
TOPSIS method combined with AHP for the analysis
of the electricity supply chain in his study. With the
SWOT analysis, the factors related to the electricity
supply chain in Turkey were determined, the
importance weights of these factors were determined
with the AHP, and the SWOT factors evaluated were
prioritized with the Fuzzy TOPSIS method. Okello et
al. (2014) developed an approach integrating
Desirability Functions into SWOT and AHP for
participatory evaluation of technologies in their study.
The application of the method was made through
participatory evaluation of 4 bioenergy technologies in
Uganda. The results showed that the method is
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effective in assessing stakeholder priorities for
bioenergy technology. In their study, Tasri and
Susilawati (2014) tried to determine the most suitable
renewable energy source for electricity generation in
Indonesia. For this purpose, a method based on fuzzy
AHP is proposed. When the results of the study were
interpreted, it was finalized that hydropower is the best
alternative.

Ervural et al. (2018) proposed a SWOT analysis
based on ANP and fuzzy TOPSIS for Turkey's energy
planning in their study. For solving the problem,
SWOT analysis was preferred to determine the criteria
and sub-criteria related to Turkey's energy sector, ANP
was used to determine the weights of these criteria and
sub-criteria, and Fuzzy TOPSIS was used to prioritize
alternative energy strategies. Sensitivity analysis was
used to confirm the results of the study. Gottfried et al.
(2018) applied SWOT-AHP-TOWS analysis to
increase private investment to China's biogas sector.
For this purpose, investment criteria of private
stakeholders have been defined in order to increase the
active participation of private investors. SWOT
analysis was used to define the investment criteria and
then these criteria were prioritized using AHP. Finally,
strategies related to investments were created using the
TOWS matrix.

Erdin and Ozkaya (2019) discussed the location
selection problem related to renewable energy sources
for the example of Turkey in their study. Finally, the
most suitable energy sources are presented according to
the geography and energy potential of the regions.
Kaya et al. (2019) conducted a comprehensive
literature review in order to examine which fuzzy
multi-criteria decision-making techniques are used in
creating energy policy in the literature. Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology was used as the
literature review method. Finally, fuzzy AHP was
determined as the most used method in the literature on
this subject. Solangi et al. (2019) evaluated energy
strategies for Pakistan's sustainable energy planning in
their study. For this purpose, they proposed an
integrated approach based on SWOT, AHP and Fuzzy
TOPSIS. SWOT was preferred to determine the factors
and sub-factors in sustainable energy planning, AHP
was used to determine the weights of all factors and
sub-factors, and Fuzzy TOPSIS was used to rank the
determined energy strategies. Sensitivity analysis was
performed to confirm the results of the study.

Papapostolou et al. (2020) proposed a method based
on AHP-SWOT-Fuzzy TOPSIS to establish Cross-
Border collaboration on renewable energy sources.
SWOT analysis was used to determine the factors and
sub-factors related to the subject, AHP was used to
determine the weights of these factors and sub-factors,
and Fuzzy TOPSIS was used to evaluate the
alternatives. Wang et al. (2020) discussed the problem
of selection of renewable energy sources that can be
used for electricity generation in Pakistan's Sindh and

Baluchistan cities in their study. To solve the problem,
SWOT was preferred to identify the main factors
affecting renewable energy technologies in Pakistan,
and Fuzzy AHP was used to evaluate renewable energy
alternatives. When the results were commented, it was
found that wind energy is the best alternative.

As can be seen from the existing literature, studies
on the subject have focused on solving energy planning
problems using SWOT and MCDM or Fuzzy MCDM.
Therefore, this study contributes to existing literature
by making the right investment decisions by creating
focus strategies for renewable energy investments
using the Fuzzy Sectional SWOT. Because focus
strategies were created by the fuzzy sectional SWOT
method in this study.

3. Research Methodology

In this study, an approach called the Fuzzy
Sectional SWOT which consists of the Fuzzy AHP and
the Sectional SWOT, was preferred to decide the focus
strategies for renewable energy sources in Turkey. This
new approach eliminates some of the shortcomings of
the traditional SWOT analysis. Firstly, the Sectional
SWOT analysis was developed by extending the
SWOT analysis. Then, by integrating the Fuzzy AHP
method into the Sectional SWOT method, the Fuzzy
Sectional SWOT approach used in the study was
obtained.

3.1. A new approach to the SWOT analysis: The
Sectional SWOT analysis

Strategies are very important to guide the future of
an individual, an event or a company. In general, it is
necessary to act from the their current situations in
order to determine strategies related to the individual,
event or company. The current situation refers to the
conditions related to the individual, event or company
itself and the environmen that it is located. These
conditions are the strengths and weaknesses of the
individual, event or company and the opportunities and
threats in their environments. These mentioned
conditions are investigated with a very famous analysis
called as SWOT whose name consists from the
combination of first letters of the Strengths,
Weaknesses, Opportunities, Threats. The history of the
SWOT analysis goes back to the 1960s (Learned et al.
1965) and it was popularized by Andrews (1965), who
united the ideas of Peter Drucker, Philip Selznick and
Alfred Chandler. The four groups of strategies created
by the SWOT analysis are as follows (Sevkli et al.
2012);

1) Strengths and Opportunities (SO) Strategies:
Using strengths to take advantage of opportunities.

2) Strengths and Threats (ST) Strategies: Using
strengths to avoid from threats

3) Weaknesses and  Opportunities  (WO)
Strategies: Overcoming weaknesses by taking
advantage of opportunities
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4) Weaknesses and Threats (WT) Strategies:
Minimizing weaknesses to avoid from threats

In the literature, the criticisms of the traditional
SWOT analysis are as follows; creating extremely long
lists, no using weights to reflect priorities, using
ambiguous words and expressions, conflicts have no
solution, there is no obligation to validate ideas with
data or analysis, only requires a level of analysis, no
logical link to strategy implementation (Hill and
Westbrook 1997). However, there is a more effective
method, which is an extended variation of the SWOT
analysis and was introduced into the literature as
Sectional SWOT by Karatop (2015). In the Sectional
SWOT analysis, the main topic is divided into sub-
sections as different from the SWOT analysis. In this
way, the SWOT analysis is converted to multi-criteria
structure with the Sectional SWOT analysis. In
addition to strengths and weaknesses, opportunities and
threats in the environment are determined separately
for each of the sub-sections obtained. Thus carring out
a more detailed analysis, more appropriate results is
obtained for the determination of strategies (Karatop
2015). The general structure of the sectional SWOT
analysis is shown in the Table 2.

Table 2. Sectional SWOT (Karatop et al. 2018)

SCnz Gnz2 Znz2 Fnz2 Thz2

Main Sub- Sectional SWOT
criteria criteria
G Zin Fi11 T
Scu Gir2 Z112 Fi12 T2
Gz Zi1 Fi21 Ti21
Moy Sc12 Ciz | Ziz Fi22 Ti22
Gial Zia Fia1 Tia
Scia Gia2 Zia2 F1a Tia
Gou Zon Fa11 Tou
Sca Gow2 Zo12 Fa12 To12
G221 Z21 F221 Ta21
Mea Sc22 G222 Zo» Fa22 To2
Gan1 Zib1 Fib1 T1ib1
Scap Ganz Z1b2 Fib2 Tib2
Gn11 Zn11 Fn11 Thu1
Scn1 Gn12 Zn12 Fn12 Tn12
GnZl ZnZl FnZl Tn21
Mo, Scn2 Gn22 Zn22 Fn22 Tn22
anl anl Fnzl Tnzl

In the Table 2;

n = number of main criteria,

z = number of sub-criteria belong to nth main criterion,
MC, = nth main criterion,

SChn; = zth sub-criterion of the nth main criterion

The number of sub-criteria may be different for each
main criterion. For example, the sub-criterion number
of main criterion MC; is a (SCi1, SC12, ..., SC1a) and
the sub criterion number of main criterion MC; is b
((SCa1, SCa, ..., SC2)). Inthe Table 4, G, Z, Fand T
respectively  represent  strengths,  weaknesses,
opportunities and threats. x, y and z in the expressions
Gyxyz, Zxyz, Fxyz and Ty, respectively represent the main
criterion, related sub-criterion and sequence number.
For example, the expression Fas refers to the 3rd
opportunity of the 4th sub-criterion of the 2nd main
criterion.

3.2. The Fuzzy AHP Method

The Analytical Hierarchy Process (AHP) was
developed by Thomas L. Saaty in 1977 and is one of
the most widely used multi-criteria decision making
techniques in the literature. Although the aim of the
AHP is to benefit from expert knowledge, the method
may not reflect the way people think exactly.
Therefore, the Fuzzy AHP method which is an
extended version of the AHP method, was developed to
solve hierarchical fuzzy problems. Several fuzzy AHP
methods such as Van Laarhoven and Pedrycz Fuzzy
AHP Method, Buckley Fuzzy AHP Method, Chang’s
Extended Analysis Method, are available in the
literature (Kahraman et al. 2003). In this study, the
Chang's extent analysis method was preferred because
it requires less computation, follows the steps of
traditional AHP and does not require additional
processing (Toksari and Toksari 2011). The method
was described in detail below (Chang 1996);

Let X = {xq, x5, e o ,Xn} be a criterion set and
G= {91,920 ,9m} be a objective set. In this
method, each criterion is taken and extent analysis is
performed for each purpose. Thus, m extent analysis
values are obtained for each criterion. These are shown
as Mg, M5, ... MJ7 i=12,.... n and all the

ngi G=12,.... m) values are ftriangular fuzzy

numbers (TFNSs).
Step 1: According to criterion i, fuzzy synthetic
extent values (S;) are determined using Eq. (1);

S =ym M)« [,y Ml o)
l Jj=1""gi 1=14j=1"g;

Fuzzy addition operation is performed on M values
by using Eq. (2) to obtain Y72, M, in the Eq. (1);
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Mg = (il Xk my, Xt ) @)

To obtain [¥7, ¥™, M} ] in the Eq. (1), Eq. (3)
and Eq. (4) are used;

LY M) = R, m S ) ()

Zm M = (e s o

ron ron
i=1 Ui Zi:lmi Zi:1li

) @

Step 2: The possibility degree for M, =
Uy, my,uy) = My = (I, my,uy)is expressed as

VM, 2 M) = supysy |min (u, G, u, )]
this equation is analyzed, the Eq. (5) is obtained,;

V(My =2 M) = hgt (M N M;) = py,(d) =

1, lf m, = my
0, lf ll = U, , (5)
h U otherwise,

(mz—uz)—(my —1y)’

In the Eqg. (5), d is the ordinate of the highest
intersection point between p,, and p,. In order to
compare M, and M, values both V(M, > M,) and
V(M; = M,) values must be known.

Step 3: The possibility degree of a convex number
being greater than k convex fuzzy numbers (M; i =
{1,2, ..., k}) must also be considered.

VM = M,,...,M,) =V [M=>=M,)and (M >
My)and ...and (M = M,)] =minV (M = M,;) (6)

In the Eq. (6), if d'(4)=minV (S =
S,) for i = {1,2,...,k}, weight vectors for k # i are
calculated using Eg. (7) as the following;

W' = (d'(4),d'(4y), .., d'(4,)" =
(1,2, ..,n} )

Step 4: The weight vectors are normalized using
Eq. (8);

W = (d(41),d(A), .., d(4,)) i = (1.2,...n}  (8)

In the Eq. (8), W weight vector isn’t a fuzzy
number. The final alternative weights are found by
hierarchically synthesizing obtained these weights.

4. The Proposed Fuzzy Sectional SWOT
Approach and Its Application

The proposed model for the determination of
Turkey's focus strategies related to renewable energy is
as in the Figure 1. As mentioned also in the previous
section, there are some criticisms directed the
traditional SWOT analysis. Some disadvantages of the
traditional SWOT analysis are overcome with the

approach called the Fuzzy Sectional SWOT proposed
in this study. Mentioned shortcomings and how they
were eliminated were mentioned below;

» No using weights to reflect priorities; This
disadvantage of the traditional SWOT analysis
was eliminated by prioritizing renewable
energy sources with the Fuzzy AHP method.

» Using ambiguous words and expressions;
This disadvantage of the traditional SWOT
analysis was eliminated by using the fuzzy
logic.

» There is no obligation to verify thoughts by
data or analysis; This disadvantage of the
traditional SWOT analysis was eliminated by
using the Fuzzy AHP method.

» It requires only one level of analysis; This
disadvantage of the traditional SWOT analysis
was eliminated with the use of Sectional
SWOT analysis.

» There is no logical link to strategy
implementation; This disadvantage of the
traditional SWOT analysis was eliminated by
determining the most important energy
sources and creating the strategies related to
them.

Application steps of the proposed model are as
follows;

Step 1: Determination of the expert group

At this phase, the experts who are consulted to their
opinions about the renewable energy sources
addressed, were determined. The expert group consists
of engineers working in the renewable energy sector
and academicians who are expert in their fields.

Step 2: Application of the Sectional SWOT
analysis

At this phase, the renewable energy field was
divided into 6 sub-sections (hyropower, solar, wind,
biomass, hydrogen and geothermal) according to the
logic of Sectional SWOT analysis. Then strengths,
weaknesses, opportunities and threats for each of these
sub-sections  (renewable energy sources) were
determined in 3 ways using the Sectional SWOT
analysis;

»  Literature review,

» Examining the ministry reports,

» Asking questions which are seen in the Table
3 and were prepared to make Sectional SWOT
analysis more systematic, to the experts.

Strengths, weaknesses, opportunities and threats
related to the renewable energy sources addressed in
this study express the following;

»  Strengths contain issues that when the current
situation for Turkey of addressed renewable
energy source is examined, it can gain an
advantage over other renewable energy
sources.

» Weaknesses contain issues that when the
current situation for Turkey of addressed
renewable energy source is examined, it is
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weak and deficient compared to other
renewable energy sources.

» Opportunuties are issues that may create
positive results for the related energy source
when the current situation for Turkey of
addressed renewable energy source s
examined.

» Threats are issues that may create undesired
results for the related energy source when the
current situation for Turkey of addressed
renewable energy source is examined.

The strengths, weaknesses, opportunities and threats
determined for each of the RES addressed in the study
as a result of the literature research, examination of the
ministry reports and the informations received from the
experts, are as seen in Table 4-Table 9.

Step 3: Prioritization of the renewable energy
sources with the Fuzzy AHP

At this stage, firstly weights of the renewable energy
sources were found by the Fuzzy AHP method and
then they were prioritized according to their weights.
For this purpose, firstly the criteria experts used when
they compared RES, shown below were determined;

v" Accessibility to renewable energy source,

Determination of

the expert group

analysis

Figure 1. Application steps of the proposed model

v' The effect of renewable energy source on the
environment,

v The development of renewable energy source
technology,

v The contribution ability of renewable energy
source to technology

Then, the pairwise comparison matrix shown in the
Table 11 was obtained with that the experts compared
the renewable energy sources according to the above
criteria using values in the Table 10.

Table 10. Values for expert evaluations (Karatop et al.

2018)

Importance Linguistic Expressions

Degrees

1 Both factors are equally important

2 1st factor is less important than the 2nd
factor.

3 1st factor being averagely important with
respect to 2nd factor

4 1st factor is more important than the 2nd
factor

5 1st factor is very important than the 2nd
factor

Application of the
Sectional SWOT

Prioritization of

the renewable Determination

of the focus
strategies

energy sources
with the Fuzzy
AHP
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Table 3. Questions related to renewable energy sources for the Sectional SWOT analysis

Sectional Questions for the Sectional SWOT analysis
SWOT
S 1.  What are the advantages Turkey obtains in terms of its renewable energy sources?
T 2. Which aspects of Turkey compared to other countries in terms of renewable energy sources are better /
R could be better?
E 3. Do someones looking from the outside / stakeholders see powerful which aspects of the Turkey's
N renewable energy resources?
G 4. In what aspects Turkey's renewable energy resources are in the leading position or have potential to can
T become leader?
H 5. What are the advantages of Turkey's renewable energy resources / What can they happen?
S
W 1.  What are the disadvantages Turkey obtains in terms of its renewable energy sources?
E 2. Which aspects of Turkey compared to other countries in terms of renewable energy sources are worse / are
A open to be improved?
K 3. Do someones looking from the outside / stakeholders see weak which aspects of the Turkey's renewable
N energy resources?
E 4. Inwhat aspects Turkey's renewable energy resources aren't in the leading position?
S 5. What are the weaknesses of Turkey's renewable energy resources / What can they happen?
S
E
S
(0] 1. What are the opportunities standing in front of the Turkey's renewable energy sources?
P 2. What sort of interesting developments take place in the environment related to the Turkey's renewable
P energy sources?
(0] 3. Which developments in the technology are opportunity for the Turkey's renewable energy resources?
R 4. Which opportunities similar practices taking place in other countries provide to the Turkey's renewable
T energy sources?
U 5. Which sources in the environment are opportunity for the Turkey's renewable energy sources?
N 6. What sort of opportunities wait the Turkey for renewable energy sources in the coming years?
|
T
|
E
S
1. What are the threats standing in front of the Turkey's renewable energy sources?
T 2. What sort of bad developments take place in the environment related to the Turkey's renewable energy
H sources?
R 3. Which developments in the technology are threat for the Turkey's renewable energy resources?
E 4. Which threats similar practices taking place in other countries provide to the Turkey's renewable energy
A sources?
T 5. Which sources in the environment are threat for the Turkey's renewable energy sources?
S 6. What sort of threats wait the Turkey for renewable energy sources in the coming years?

Table 4. The Sectional SWOT analysis for Hydropower at Turkey

Strengths Weaknesses Opportunities Threats

Low operational cost High initial investment The Turkey is rich in International problems may arise
(Heshmati et al. 2015;0nline  cost (Heshmati et al. terms of rivers and as a result of building power

o 2020; experts) 2015, experts) lakes (experts) plants on streams which arise
"';J form Turkey and flow to other
o) countries (Karali 2017; experts)
% Environmentally friendly  Causing displacement of Rough structure of
@@ (Heshmati et al. 2015; Online local residents (Heshmati  the Turkey (experts) -
E 2020; experts) et al. 2015; experts)
T Damage to the  Arising awareness

Ability to store energy environment during  about renewable

(Heshmati et al. 2015; hydropower construction energy (experts) -

experts)

due to large engineering
works (Heshmati et al.
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Suppling water for
agriculture, household, and
industrial use (Heshmati et al.
2015; experts)

No fuel costs (Online 2020;
experts)

Reducing the occurrence of

natural hazards such as soil

2015; experts)

Highly productive (Online
2020; experts) - - -
Long-lived (Online  2020;
experts) - - -

erosion, flood etc. (Gedik

2015; Karali 2017; experts) - - -
Reducing external

dependence and  ensures

supply security (Karali 2017; - - -
experts)

Providing employment

opportunities (experts)

Table 5. The Sectional SWOT analysis for Wind Energy at Turkey

Strengths Weaknesses Opportunities Threats
Low maintenance and High initial investment Having adequate capacity for Inadequate legal incentives in
operational costs (Online 2020; cost (Online 2020; the plant installation of the Turkey (Karali 2017,
experts) experts) Aegean and Marmara coasts  experts)
(Karali 2017; experts)
Environmentally friendly Low capacity factors The constituent parts of the May require outsourcing for

(Online 2020; experts) (Online 2020; experts) power plant are produced in power plant investment
Turkey (Karali 2017; (Karali 2017; experts)
experts)

Reaching of its cost to a level
that can compete with today's

Changing energy
production (Online 2020;

Avaliability of technological
developments (Karali 2017;

Inability to interfere with
wind speed and it damage

> power plants (Online 2020; experts) experts) equipment at high speeds
E-:" experts) (Gedik 2015; experts)
w Installation and operating of its  Arising of additional cost It is supported by European
E technology is relatively simple from power transmission Union (EU) harmonization -
O (Online 2020; experts) to residential areas (Ngbé laws (Karali 2017; experts)
z and  Natowitz ~ 20009;
= experts)
Start-up of it can takes place in  Intermittent structure (Ngé Arising awareness about -
a short time (Online 2020; and Natowitz ~ 2009; renewable energy (experts)
experts) experts)
No risk of depletion and over Causing  bird  deaths

time price increase (Online 2020;
experts)

Providing economic contributions
related to renting, purchase etc. to
the people in the power plant area
(Karali 2017; experts) - - -
Providing employment - - -
opportunities (experts)

(Karali 2017; experts) - -

Table 6. The Sectional SWOT analysis for Solar Energy at Turkey

Environmentally

friendly

Use of land (Tsoutsos et al.

experts)
Auvaliability of

Inadequate legal incentives

> Strengths Weaknesses Opportunities Threats

(o Ease of installation and use Releasing of chemicals High solar  energy Due to climate changes the
5 (Online 2020; experts) routinely and accidental potential of Turkey due sunlight is not of good
z (Tsoutsos et al. 2005, to its geographical quality (Karali  2017;
ﬁ experts) location (Online 2020; experts)

<

_

o

(%)

(Online 2020; experts)

2005; experts)

appropriate  lands  for
plant installation (Karali

(Karali 2017; experts)
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2017; experts)

No harmful waste (Online Impacts of large PV With the rapid  Interruption of the
2020; experts) systems to ecosystems development of agriculture due to the use of
(Tsoutsos et al. 2005; technology, it can be agricultural land (Karali
experts) used more widely (Karali  2017; experts)
2017; experts)
Providing employment  Construction activities due Arising awareness about
opportunities (experts) to solar thermal energy renewable energy -
(Tsoutsos et al. 2005; (experts)
experts)
Low maintenance cost of Depending on weather - -
power plants (experts) conditions (Ngo and
Natowitz 2009; experts)
Possibleness to use it in every  Availability just during - -
area where energy is needed daylight hours (Ngd and
(experts) Natowitz 2009; experts)
Increasing production power Visual impact on buildings’ - -
and efficiency with solar aesthetics (Tsoutsos et al.
panels (experts) 2005; experts)
Sustainable (experts) Intermittent structure - -
(experts)
- Its investment cost is high - -
(experts)
Table 7. The Sectional SWOT analysis for Geothermal Energy at Turkey
Strengths Weaknesses Opportunities Threats
Environmentally ~ friendly  (Online High investment costs Being rich in terms of Inadequate legal

2020; experts)

Cheap (Online 2020; experts)

2015; experts)

GEOTHERMAL ENERGY

(Fridleifsson and Freeston

experts)

(Purkus and Barth 2011;

experts)

Risk of insufficient heat
(Purkus and Barth 2011,

experts)

Continuous structure (Heshmati et al. -

Independence from weather conditions -
1994;

Providing employment opportunities -

(experts)

geothermal  due to
geographical location
(Online 2020; experts)
It is supported by EU
harmonization laws
(Karali 2017; experts)

Arising awareness about
renewable energy
(experts)

incentives in  Turkey
(Karali 2017; experts)

May require
outsourcing due to
investment cost (Karali
2017; experts)

Table 8. The Sectional SWOT analysis for Biomass Energy at Turkey

Strengths Weaknesses Opportunities Threats
Availability of it widely in all May environmentally Economic wuse in the Itis also raw material of
places (Tester et al. 2005; hazardous (Evli ~ 2018; countryside (Karali 2017; other industries (Karali
experts) experts) experts) 2017; experts)

Continuous structure (Gedik

>

O] 2015; experts)

o

]

4

]

(2]

&  Easy storage (Gedik 2015;

= experts)

o

m
Providing employment
opportunities (Gedik 2015;
experts)
Reducing  dependence on

fossil energy sources (Evli

Increasing of food prices
(Evli 2018; experts)

Low energy content
compared to other non-
renewable energy sources
(experts)

High transport and storage
costs compared to other

energy types (experts)

Arising awareness about
renewable energy
(experts)

Competition with
agricultural products
due to energy raw

material (Karali 2017;
experts)
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2018; experts )

Increasing of woodlands (Evli -
2018; experts )

Prevention of both damage to -
the environment and diseases
stem from wastes (Evli 2018;
experts )

Table 9. The Sectional SWOT analysis for Hydrogen Energy at Turkey

Strengths Weaknesses Opportunities Threats
Environmentally  friendly (Evli More expensive than other It is supported by EU Inadequate legal
2018; experts) sources  (Evli 2018; harmonization laws incentives in Turkey

experts) (Karali 2017; experts) (Karali 2017; experts)

Can be used for multiple purposes Environmentally harmful The presence of Potential users do not
(Evli 2018; experts) gases may ocur (Evli hydrogen stored have sufficient
> 2018; experts) chemically at the base of information  (Karali
O the Black Sea (Karali 2017; experts)
ﬁ 2017; experts)
E More efficient than other fuels (Evli - Arising awareness about Using the generated
> 2018; experts) renewable energy  energy as an
l(-IDJ (experts) explosive weapon
o) (Karali 2017; experts)
Dof Safer than other fuels (Evli 2018; - - -
> experts)
T Providing employment - - -
opportunities (experts)
Table 11. Pairwise comparison matrix related to the renewable energy sources
Hydropower Wind Solar Geothermal Biomass Hydrogen
Hydropower 1 3 3 4 3 2
Wind 0.33 1 0.5 3 1 0.33
Solar 0.33 2 1 3 1 0.33
Geothermal 0.25 0.33 0.33 1 0.5 0.25
Biomass 0.33 1 1 2 1 0.25
Hydrogen 0.5 3 3 1 4 1

The obtained weight values and priority order
determined according to the weights of RES as a result
of the analyze are as in Table 12.

Table 12. Weight scores and priority order of the
renewable energy sources

Renewable Energy Sources Weight Priority
Scores Order

Hydropower 0.2710 1

Wind 0.2026 3

Solar 0.2186 2
Geothermal 0.0563 6
Biomass 0.1366 4
Hydrogen 0.1149 5
TOTAL 1

Step 4: Determination of the focus strategies

At this stage, focus strategies have been created by
using the strengths, weaknesses, opportunities and
threats related to renewable energy sources determined
by the Sectional SWOT analysis. The use of Sectional
SWOT analysis enables to be created better focused
strategies related to the renewable energy in Turkey.
Strategies were generally structured on that using
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positive aspects (strengths and opportunities) to
increase positive aspects and to turne negative aspects
(weakneses and threats) to positive aspects or to
neutralize. The focus strategies which were created
related to the renewable energy for Turkey, are as
follows;

» Hydropower

SO _Strategy; The strategy created to further
strengthen “Suppling water for agriculture, household,
and industrial use”, “Reducing the occurrence of
natural disasters such as soil erosion, flood etc.”,
“Reducing external dependence and ensures supply
security” and “Providing employment opportunities”
strengths by taking advantage of “The Turkey is rich in
terms of rivers and lakes” and “Rough structure of the
Turkey” opportunities is as follows;

“Doing studies to can use whole of hydropower
potential of the country”

WO Strateqgy; The strategy created to strengthen
“Causing displacement of local residents” weakness by
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taking advantage of “Arising awareness about
renewable energy” opportunity is as follows;

“Doing activities to expand awareness even more
related to renewable energy for the whole society
and especially the society that is negatively affected
by renewable energy investment”.

» Solar Energy

SO Strategies;

Strategy 1: The strategy created to further
strengthen “Providing employment opportunities” and
“Possibleness to use it in every area where energy is
needed” strengths by taking advantage of “High solar
energy potential of Turkey due to its geographical
location” and “Avaliability of appropriate lands for
plant installation” opportunities is as follows;

“Giving support and incentive to increase the
investments in solar energy”

Strategy 2: The strategy created to further
strengthen “Possibleness to use it in every area where
energy is needed” strength by taking advantage of
“With the rapid development of technology, it can be
used more widely” opportunity is as follows;

“Promoting R&D studies related to the solar
energy”

ST Strategy; The strategy created to protect from
“Due to climate changes the sunlight is not of good
quality” and “Inadequate legal incentives” threat by
using “Increasing production power and efficiency
with solar panels” strength is as follows;

“Giving support and incentive for being used
new technology in the solar power plants”

WO Strategies;

Strategy 1: The strategy created to strengthen
“Depending on weather conditions”, “Availability just
during daylight hours” and “Intermittent structure”
weaknesses by taking advantage of “High solar energy
potential of Turkey due to its geographical location”
opportunity is as follows;

“Doing studies to can use whole of the solar
energy potential in the country”

Strategy 2: The strategy created to strengthen “Use
of land” weakness by taking advantage of “Avaliability
of appropriate lands for plant installation” opportunity
is as follows;

“Allowing solar power plants to be installed only
on suitable lands”

Strategy 3: The strategy created to strengthen
“Depending on weather conditions”, “Availability just
during daylight hours” and “Intermittent structure”
weaknesses by taking advantage of “With the rapid

development of technology, it can be used more
widely” opportunity is as follows;

“Supporting and encouraging the studies which
increase production power and efficiency”

WT Strategies;

Strategy 1: The strategy created to protect
“Depending on weather conditions” and “Intermittent
structure” weaknesses from “Due to climate changes
the sunlight is not of good quality” threat is as follows;

“Supporting and encouraging the use of
technologies which increase production power and
efficiency”

Strategy 2: The strategy created to protect “Its
investment cost is high” weakness from “Inadequate
legal incentives” threat is as follows;

“Stressing the importance of solar energy,
encouraging investors doing studies to produce the
constituent parts of solar power plants cheaper and
in the country”

Strategy 3: The strategy created to protect “Use of
land” weakness from “Interruption of the agriculture
due to the use of agricultural land” threat is as follows;

“Using only suitable empty lands for installation
of the solar energy plants”

» Wind Energy

SO Strategies;

Strategy 1: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of ‘“Having adequate
capacity for the plant installation of the Aegean and
Marmara coasts” opportunity is as follows;

“Building wind power plant in the areas with
sufficient capacity”

Strategy 2: The strategy created to further
strengthen “Start-up of it can takes place in a short
time” strength by taking advantage of “The constituent
parts of the power plant are produced in Turkey”
opportunity is as follows;

“Using as much as possible domestic production
parts while wind power plants are built”

Strategy 3: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of “The constituent parts
of the power plant are produced in Turkey” opportunity
is as follows;

“Government's  encouraging investors to
produce the constituent parts of wind power plants”

Strategy 4: The strategy created to further
strengthen “Reaching of its cost to a level that can
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compete with today's power plants” strength by taking
advantage of  “Avaliability of technological
developments” opportunity is as follows;

“Reducing the costs related to wind power
plants by following the technological developments”

Strategy 5: The strategy created to further
strengthen “Installation and operating of its technology
is relatively simple” strength by taking advantage of
“Avaliability =~ of  technological  developments”
opportunity is as follows;

“Implementing of the technological
developments which facilitate the implementation of
wind energy technology”

Strategy 6: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of “It is supported by EU
harmonization laws” opportunity is as follows;

“Promoting the establishment of wind power
plants as part of the studies related to EU accession
process”

ST Strategies;

Strategy 1: The strategy created to protect from
“Inadequate legal incentives in Turkey” threat by using
“Low maintenance and operational costs” strength is as
follows;

“Providing consultancy service to support wind
energy companies”

Strategy 2: The strategy created to protect from
“Inadequate legal incentives in Turkey” and “May
require outsourcing for power plant investment” threats
by using “Reaching of its cost to a level that can
compete with today's power plants” strength is as
follows;

“Stressing the importance of wind energy,
encouraging investors doing studies to produce the
constituent parts of wind power plants cheaper and
in the country”

WO Strategies;

Strategy 1: The strategy created to strengthen
“Low capacity factors” weakness by taking advantage
of “Having adequate capacity for the plant installation
of the Aegean and Marmara coasts” opportunity is as
follows;

“Establishment of wind power plants in the
areas with adequate capacity”

Strategy 2: The strategy created to strengthen
“High initial investment cost” weakness by taking
advantage of “The constituent parts of the power plant
are produced in Turkey” opportunity is as follows;

“Giving support or incentive for wind energy
investments to accelerate R&D activities”

Strategy 3: The strategy created to strengthen
“High initial investment cost” weakness by taking
advantage of “It is supported by EU harmonization
laws” opportunity is as follows;

“Giving support or incentive for R&D studies
related to wind energy investments as part of the
studies related to EU accession process”

WT Strategies;

Strategy 1: The strategy created to protect “High
initial investment cost” weakness from “Inadequate
legal incentives in Turkey” threat is as follows;

“Doing R&D studies of the government on wind
energy investments”

Strategy 2: The strategy created to protect “High
initial investment cost” weakness from “May require
outsourcing for power plant investment” threat is as
follows;

“Giving support or incentive for R&D studies
related to wind energy investments”

> Biomass Energy

SO_Strateqy; The strategy created to further
strengthen “Providing employment opportunities”,
“Reducing dependence on fossil energy sources”,
“Increasing of woodlands”, “Prevention of both
damage to the environment and diseases stem from
wastes” strengths by taking advantage of “Economic
use in the countryside” and “Arising awareness about
renewable energy” opportunities is as follows;

“Giving support and incentive to investors to
they invest in biomass energy”

ST Strategy; The strategy created to protect from
“It is also raw material of other industries” and
“Competition with agricultural products due to energy
raw material” threats by using “Availability of it
widely in all places” strength is as follows;

“Ensuring to benefit from everything which can
be raw materials for the production of biomass
energy”

WT _Strategy; The strategy created to protect
“Increasing of food prices” weakness from “It is also
raw material of other industries” and “Competition
with agricultural products due to energy raw material”
threats is as follows;

“Separate production of common raw materials
used by biomass energy and other sectors”

» Hydrogen Energy

SO Strategies;

Strategy 1: The strategy created to further
strengthen “Providing employment opportunities”
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strength by taking advantage of “The presence of
hydrogen stored chemically at the base of the Black
Sea” opportunity is as follows;

“Forming public opinion for processing of the
hydrogen energy reserves in country”

Strategy 2: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of “It is supported by EU
harmonization laws” opportunity is as follows;

“Processing of hydrogen energy reserves in the
country as part of the studies related to EU
accession process”

WO Strateqy; The strategy created to strengthen
“More expensive than other sources” weakness by
taking advantage of “The presence of hydrogen stored
chemically at the base of the Black Sea” opportunity is
as follows;

“Reducing costs by using existing hydrogen
energy reserves in the country”

WT _Strategy; The strategy created to protect
“More expensive than other sources” weakness from
“Inadequate legal incentives in Turkey” threat is as
follows;

“Doing studies to reduce costs related to
hydrogen energy”

» Geothermal Energy

SO Strategies;

Strategy 1: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of “Being rich in terms of
geothermal due to geographical location” opportunity
is as follows;

“Using geothermal energy reserves in the
country as much as possible”

Strategy 2: The strategy created to further
strengthen “Providing employment opportunities”
strength by taking advantage of “It is supported by EU
harmonization laws” opportunity is as follows;

“Processing of geothermal energy reserves in the
country as part of the studies related to EU
accession process”

WO Strateqy; The strategy created to strengthen
“High investment costs” weakness by taking advantage
of “It is supported by EU harmonization laws”
opportunity is as follows;

“Doing studies to reduce investment costs by
using supports and incentives given to geothermal
energy which are a part of the studies related to EU
accession process”

WT _Strategy; The strategy created to protect
“High investment costs” weakness from “Inadequate
legal incentives in Turkey” threat is as follows;

“Doing studies to reduce costs related to
geothermal energy”

5. Conclusions

Renewable energy has become a very popular type
of energy all over the world due to its features such as
providing security of energy supply, reducting the CO,
emission and positive economic effects. Countries
attach great importance to renewable energy and make
their energy plans according to it. Based on the current
importance of the subject, in the study it focused on
determining of the Turkey's focus strategies related to
renewable energy. This study contributes to existing
literature by making the right investment decisions by
creating focus strategies for renewable energy
investments using the Fuzzy Sectional SWOT. For the
aforementioned purpose, an integrated approach called
the Fuzzy Sectional SWOT which consists of the
Fuzzy AHP and the Sectional SWOT methods, is used.
Some disadvantages of the traditional SWOT analysis
are eliminated with the method used. Firstly, the
renewable energy field was divided into 6 sub-sections
(hyropower, solar, wind, biomass, hydrogen and
geothermal) according to the logic of Sectional SWOT
analysis. Then strengths, weaknesses, opportunities and
threats for each of these sub-sections (renewable
energy sources) were determined using the Sectional
SWOT analysis. Weights were found with the Fuzzy
AHP method for each of the RES and resources were
prioritized according to these weights. Finally, focus
strategies related to renewable energy field for Turkey
were obtained with the creation of strategies related to
renewable energy sources.

In the study, the order of importance of renewable
energy resources from most important to less important
was found as follows; hydropower, solar, wind,
biomass, hydrogen, geothermal. Therefore, among the
focus strategies obtained, the strategies to be taken into
consideration at first are ones related to hydropower,
solar and wind energies. However, this does not mean
that the focus strategies related to biomass, hydrogen
and geothermal energies can be neglected. For this
reason, the focus strategies which should be primarily
addressed related to renewable energy can be
summarized as follows;

» Doing studies to use whole of the renewable
energy potential in the country,

» Increasing social awareness related to the
renewable energy,

» Providing necessary supports and incentives
of the government,

» Selection of suitable areas for the installation
of renewable energy plants,
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» Producing the parts used in the installation of
renewable energy plants, in the country.

The limitation of the study is the small number of

experts who contributed to the study and therefore
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Oz

Bazik oksijen firinli bir demir ¢elik fabrikasinin yiiksek firin tesislerinde kok, sinter ve diger demir cevheri malzemelerinin
kullanilmastyla sivi ham demir tiretilmektedir. Bu iiretimden sonraki adim gelik tiretim siireci olup, hemen 6ncesinde sivi ham demir,
icerisindeki kiikiirt oranmnm belirli bir miktar diistiriilmesi amaciyla kiikiirt giderme tesisinde islem gormektedir. Desiilfiirizasyon
olarak adlandirilan bu islemin amaci bazi kiikiirt giderici reaktifler ilave edilerek hedef kiikiirt degerini yakalamaktir. flave edilecek
malzeme miktarlarin1 belirlemek i¢in farkli yontemler kullanilmaktadir. Genel olarak temel ve veriye dayali modellerin uygulandig:
caligmalar goriilmektedir. Ancak yapay zeka tekniklerinin bu alandaki kullanimi oldukc¢a kisithidir. Bu ¢alismada kiikiirt giderme
islemindeki malzeme (magnezyum, kireg, florit) oranlart makine 6grenme teknikleri ile tahmin edilmistir. Problem bir regresyon
problemi olup alt1 farkli yontem (Lineer Regresyon, K-En Yakin Komsu, Karar Agaglari, Rastgele Orman, XGBoost, Yapay Sinir
Aglar) veri seti tizerinde test edilmigtir. Caligmada kullanilan veriler 2020 yilina ait olup kiikiirt giderme tesisinden alinmgtir. Verilerin
%80’1 egitim, %20’si test i¢in kullanilacak sekilde ayrilmigtir. Degerlendirme o6lgiitii olarak Dogruluk ve Ortalama Mutlak Hata
Yiizdesi (Mean Absolute Percentage Error, MAPE) kullanilmigtir. Elde edilen sonuglara gore Yapay Sinir Ag1 modeli magnezyum,
kireg ve florit i¢in sirasiyla %85, %95,4 ve %80,14 dogruluk degerlerine ulagmistir. MAPE degerleri ise sirasiyla 14,99, 4,59 ve 19,85
olup bu da modelin basaril1 bir tahmin gergeklestirdigini ortaya koymaktadir.

Anahtar kelimeler: Makine Ogrenmesi, Yapay Sinir Aglar1, Regresyon, Kiikiirt Giderme.

Prediction of Amount of Material used in Desulfurization Process using

Machine Learning Techniques

Abstract

Liquid raw iron is produced by using coke, sinter and other iron ore materials in the blast furnace facilities of an iron and steel factory
with a basic oxygen furnace. The next step after the production, is the steelmaking process, and just before that, the liquid raw iron is
processed in the desulfurization plant in order to reduce the available sulfur content by a certain amount. The purpose of this process,
called desulphurization, is to achieve the target sulfur value by adding some desulfurization reagents. Different methods are used to
determine the amount of material to be added. There are many studies in which basic and data-based models are applied in this
desulphurization process. However, the use of artificial intelligence techniques in this area is quite limited. In this study, the material
(magnesium, lime, fluorite) ratios in the desulfurization process were predicted by machine learning techniques. This problem is a
regression problem and six different methods (Linear Regression, K-Nearest Neighbor, Decision Trees, Random Forest, XGBoost,
Artificial Neural Networks) are tested on the dataset. The data used in the study belonged to the year 2020 and were taken from the
desulfurization plant. 80% of the data is used for training and 20% for testing. Accuracy and Mean Absolute Percentage Error (MAPE)
were used as evaluation criteria. According to the results obtained, Artificial Neural Network model obtained 85%, 95.4% and 80.14%
accuracy for magnesium, lime and fluorite, respectively. The MAPE values are 14.99, 4.59 and 19.85, respectively, which shows that
the model makes a successful prediction.

Keywords: Machine Learning, Artificial Neural Networks, Regression, Desulfurization.
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1. Giris (Introduction)

Celik  sektorlindeki farkli  iiretim  ydntemleri
tilkelerin gelismislik seviyeleri ve ekonomik durumuna
gore farklilik géstermektedir (Ers6z vd., 2016). Bunlar
arasinda en yaygin olan ydntem ise demir cevherinden
saglanan s1vi ham demir kullanimidir. Celik tiretimi iki
farkli yolla yapilmaktadir. Bunlardan birincisi yiiksek
firinlarda oksijen iiflemesi yontemi, digeri ise elektrik
ark ocaklarinda hurdanin eritilmesi yontemidir (Y1ldiz,
2017).

Bazik oksijen firinli entegre bir tesiste komiir ve
cevher ham maddeleri ile tiretim siirecinin ilk asamasina
baglanmaktadir. Kok iiretimi i¢in kok bataryalarinda
komiir islem goérmektedir. Cevher ise sinter tesisinde
sinterleme i¢in kullanilmaktadir. Elde edilen kok ve
sinter ile diger demir cevherleri, yliksek firmlarda bir
araya  gelerek, stvi ham  demir  dretimi
gerceklestirilmektedir. Stvi ham demirin sivi gelige
doniistimii ise hurda, kireg ve oksijen kullanimiyla bazik
oksijen firinlarinda ger¢eklesmektedir. Bu agsamadan
sonra ise sivi ¢eligin kalitesini artirmak amaciyla pota
firmlarinda alasim malzemeler eklenir. Dokiime hazir
hale gelerek dokiim tesislerinde slab, kiitik vb.
formlarina getirilir (Tiirkoglu ve Ozyildirim, 2017). Bu
yart mamuller haddeleme islemiyle de son {iriin haline
gelmektedir.

Entegre tesislerde ¢elik tiretiminin en 6nemli girdisi
stvi ham demirdir (Ozcan ve Koprii, 2020). Yiiksek
firinlarda iiretimi yapilan sivi ham demir, ¢elik
iretimine gegmeden 6nce desiilfiirizasyon islemine tabii
tutulmaktadir (Cetin, 2016). Amag; sivi ham demir
icerisindeki kiikiirt, fosfor ve silis gibi degerlerin
istenilen seviyeye getirilmesidir.

Bu maddelerden kiikiirdiin  seviyesi oldukga
onemlidir; ¢linkii kiikiirdiin ¢eligin mekanik 6zellikleri
tizerinde olumsuz etkileri mevcuttur. Ayrica darbe
mukavemetini azaltan zararli bir element olup
malzemenin sertlesebilirligini ve kaynaklanabilirligini
de etkileyebilmektedir. Bu nedenle ¢elik iginde
miktarinin sinirli olmasi beklenmektedir (Yildiz, 2017).

Kiikiirt oranmmi1 azaltmak i¢in kire¢, magnezyum,
florit ve Karpit gibi kiikiirt giderici reaktif malzemeler
kullanilmaktadir. Bu malzemelerin  kullanimi  ve
miktarlart istenilen kiikiirt degerine ulagsmak icin bir
modele ya da yonteme gére kurgulanmahidir (Visuri vd.,
2020).

Literatiirde yer alan bir ¢alismada torpido
arabasindaki sicak metalde kiikiirt giderme islemi i¢in
yapay sinir ag1 kullanilmistir (Deo vd., 1994). Modelde
sicak metal agirhig, ilk kiikiirt igerigi, islem siiresi
reaktif enjeksiyon hiz1 gibi degiskenler kullanilarak bir
tahmin iglemi gergeklestirilmistir. Bagka bir ¢aligmada
geri yayihiml bir yapay sinir ag modeli gelistirilerek
kiikiirt giderme islem parametrelerini tahmin etme
hedeflenmistir (Rong vd., 2005). Digerinde ise geri
yayilimli bir sinir ag1 ile sicak metal agirligi, sicaklik
degeri, sicak metaldeki baglangi¢ ile son kiikiirt igerigi
gibi kriterler kullanilarak magnezyum tozunu tahmin

etmek i¢in bir model kurgulanmistir (Zhan vd., 2010).
Magnezyum bazli ve kire¢ bazli enjeksiyonlarin
kargilagtirmasi i¢in kiikiirt gidermede kinetik bir model
onerilmigtir (Jin vd., 2006). Bir diger yapilan ¢aligmada
ise proses sonuglari regresyon yaklasimi kullanilarak
tahmin edilmistir (Vino vd., 2007). Tahmin igin sicaklik
faktori ~ baz  almmarak  regresyon modelleri
olusturulmustur. Baska bir c¢alismada kullanilan geri
yayilimli sinir aginda moment teriminin eklenmesi
onerilmis ve bu sekilde kiikiirt giderici ekleme miktar1
tahmin modeli kurgulanmustir (Liang vd., 2011).

Ilgili literatiir incelendiginde kiikiirt giderici
malzemelerin miktarmma yo6nelik tahmin ¢aligmalarinin
kisithh oldugu goriilmektedir. Son yillarda makine
6grenme tekniklerinin gelisimi ve tilkemizdeki sanayi
tesislerindeki {iretim artis1 bu c¢aligmanin motivasyon
kaynagi olmustur. Calismada, kiikiirt giderme isleminde
kullanilacak malzemelerin miktarini tespit etmek igin
farkli regresyon modelleri test edilmistir. Bu
modellerden elde edilen sonuglar kiyaslanarak literatiire
bir katki saglanmas1 amaglanmistir. Makalenin geriye
kalan kisimlar1 su sekilde organize edilmistir: ikinci
kisimda kullanilan makine 6grenme tekniklerine kisaca
deginilmis ve veri seti tamtilmigtir. Ugiincii boliimde
kullanilan yontemlerden elde edilen sonuglar tablolarla
sunulmus ve yorumlanmistir. Son boliimde ise
calismadan elde edilen kazanimlara deginilmistir.

2. Materyal ve Yontem (Material and Method)

Calismada makine 6grenme teknikleri kullanilmistir.
Bu teknikleri uygulamak igin yararlanilan veri seti, giris
ve ¢ikig parametreleri belirlenerek kullanima uygun hale
getirilmistir. Tahmin edilecek veri sayisal bir degerdir.
Bu sekilde sayisal bir degeri tahmin etmeyi igeren
problemler  regresyon olarak tanimlanmaktadir.
Regresyon, bagimsiz degiskenlerin bagimli
degiskendeki degisimini Esitlik (1)’deki gibi ifade
etmektedir.

Y=a+bX;+ cX,+dX; +¢ @

Tahmine dayali modelleme, yani veriler iizerinde
tahmin yapmak i¢in geg¢mis verilerden yararlanmayi
gerektirir.

Regresyon problemleri, makine 6grenme mimarileri
ile ¢oOziilebilmektedir. Bu kapsamda asagidaki
yontemler kullanilarak farklt modeller kurgulanmis ve
tahmin iglemi gergeklestirilmistir:

e Lineer Regresyon,
K-En Yakin Komsu,
Karar Agaclari,
Rastgele Orman,
XGBoost,

e Yapay Sinir Ag1 (YSA).

Makine 6grenmesi, yapay zekanin bir alt dali olup
ilgili probleme ait verilerden faydalanarak bir modelin
kurgulandig1 teknikleri icermektedir. Sekil 1’de yapay
zeka ve alt dallar1 gosterilmektedir. Makine 6grenmesi
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algoritmalar: verileri kullanarak birtakim kurallar tiiretir
ve bu sayede 6grenme islemi gergeklestirerek problemi
¢bzme bagarisinin artirtlmasini hedefler (Alan, 2020).
Makine 6grenmesinin temeli Alan Turing'in 1950'li
yillarda yaptig1 ¢alismalarla atilmigtir. Alan Turing'in
bir makinenin zekaya sahip olabilecegini aragtirmasi
aragtirmacilarin ilgisi ¢ekmistir. Arthur Samuel'in
hazirladig1 bir dama programi ile 1959 yilinda makine
6grenmesi kavram olarak ele alinmigtir (Gorgiin, 2020).

Yapay Zeka

Makine
Odrenimi

Yapay Sinir
Aglan

Derin Yapay
Sinir Aglan

_ Derin
Ogrenme

Sekil 1. Makine Ogrenme Metodolojisi (Machine learning
methodology)

Makine Ogrenme teknikleri giiniimiizde birgok
alanda yaygm olarak kullanilmaktadir. Bunlardan
baslicalart; savunma sanayii, yliz tanima, nesne ve ses
tanima, otonom sistemler, medikal ve tip alaninda
hastalik teshisi, bankacilikta sahtelik tespitidir (Elen ve
Avuclu, 2020, Aswad ve Sonug, 2020, Dolapci ve
Ozcan, 2021). Makine 6greniminde kullanilacak
modeller veriye gore degisiklik gostermektedir. Yine
verinin yogunlugunun yani veri setinin genislik ve
varyasyonlara  sahip olma  durumunun  model
basarisindaki rolii bityiiktiir (Baydilli, 2021).

2.1. Veri Seti (Data Set)

Calismada entegre bir demir gelik tesisinin kiikdirt
giderme prosesinden elde edilen veriler kullanilmistir.

Veri dosyast analiz edilerek tahmin iglemi igin
gerekli kriterler tespit edilmistir. Bu kapsamda, 7
kriterin baz alindig1 tamami numerik deger igeren 4214
kayittan olusan veri seti elde edilmistir. Tahmin edilecek
degiskenler Tablo 1’deki gibi belirlenmistir.

Tablo 1. Tahmin Edilecek Degiskenler (Predictable Variables)

Cikis Degiskenleri
Magnezyum (Mg)
Kireg (CaO)
Florit (CaF2)

Ug¢ malzeme igin ayri ayri tahmin modelleri
olusturularak; sivi ham demir tonaj miktari, hedeflenen
kiikiirt degeri, mevcut kiikiirt degeri ve mevcut silisyum
degerleri  sabit girdi  degiskenleri  secilmistir.
Magnezyum miktar1 tahmininde bu kriterler kullanilmis
olup Kire¢ miktar1 tahmininde girdiye Magnezyum,;
Florit miktar1 tahmininde ise girdiye Magnezyum ve
Kireg degiskenleri de ilave edilmistir.

2.2. Yapay Sinir Aglar (Artificial Neural Network)

YSA makine 6grenimi yodntemlerinden biri olup
insan beyninde bulunan noéronlarin  goérevinden
esinlenerek  gelistirilmistir.  Beyinde gergeklesen
o6grenme fonksiyonu simiile edilerek smiflandirma,
tahmin, kiimeleme gibi problemleri ¢ézmek icin
kullanilmaktadir (Karaatli, 2012).

Sinir aglarinda dogrusal olmayan ozellikleri
tanitmak amaciyla aktivasyon fonksiyonlar1
kullanilmaktadir. Caligmada, hiz acgisindan avantajli
olmas1 sebebiyle Sekil 2’de yer alan ReLU fonksiyonu
kullanilmigtir. ReLU; 0 ile +oo arasinda deger {ireten bir
aktivasyon fonksiyonudur.

e =t + y
1 W ey
104 . Torevi

Sekil 2. ReLU fonksiyonu (ReLU function)

2.3. Dogrusal Regresyon (Linear Regression)

Basit dogrusal regresyon, iki siirekli (nicel) degisken
arasindaki iliskileri 6zetlememize ve incelememize izin
veren Esitlik (2)’deki gibi istatistiksel bir yontemdir.
Degiskenlerden biri bagimsiz degisken, digeri bagiml
degisken olarak kabul edilir. Bagimli degiskenin siirekli
olmasi gerekirken, bagimsiz degiskenler ya siirekli ya da
kategorik ozellige sahip degigkenler olabilir (Gok,
2017).

Yi = B0 + BIXi + &i (2)

2.4. Karar Agact Regresyonu (Decision Tree
Regressor)

Karar agaci, regresyon veya siniflandirma
modellerini kurgularken aga¢ yapisindan faydalanir.
Islenen veri kiimesi alt kiimelere parcalanirken buna
paralel olarak Esitlik (3)’te verilen karar agaci modeli
gelistirilir. Sonugta diigiim ve yapraklardan olusan bir
model elde edilir (Baser vd., 2021).

S(T,X) = Xeex P(€)S(c) ®)

2.5. K-En Yakin Komsu Regresyonu (Kneighbors
Regressor)

Esitlik (4)’te ifade edilen K-en yakin komsu
yontemi, eldeki tiim durumlart hafizasinda saklar ve
mesafe fonksiyonu vb. benzerlik 6l¢iisii kullanarak
tahmin islemini gerceklestirir. Bu yontem, ilk olarak
1970"erin  basinda Oriintii tanima ve istatistiksel
tahminlemede kullanilmigtir (Salman ve Sonug, 2021).
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2.6. Rastgele Orman Regresyonu (Random Forest
Regressor)

Karar agaclarinin birden fazla kullanilmasiyla
olugmus bir modeldir. Karar Agac1 Regresyonunun bazi
durumlarda asir1 6grenmeye neden olmasi beraberinde
bir dezavantaji getirmektedir (Pekel, 2020). Bu sorunu
ortadan kaldirmak i¢in, Karar Agaci Regresyonu yerine
Rastgele Orman Regresyonu uygulanarak asir1 6grenme
siirlandirilabilir (Gorgiin, 2020).

F(x) = Jl_zj;l Cirun + Zﬁﬂ(% Zj;l contribution(x, k)) (5)

2.7. Xgboost (Extreme Gradient Boosting)

Gradyan artirma algoritmasi; regresyon ve
smiflandirma  problemlerinde  kullanilan  makine
Ogrenmesi yontemidir. Veri setine farkli agirliklar
verilmesi ile elde edilen agaglar toplulugundan
tahminler yapilmasi ve =zayif tahminlerle modeli
giiclendirmek temel amacidir. Bu algoritmanin
paralellestirilmis ve optimize edilmis bir versiyonu ise
Xgboost’dur. Veriler lizerinde miimkiin olan en iyi
modeli egitmek yerine, egitim veri kiimesinin ¢esitli alt
kiimelerindeki binlerce modeli egitir ve ardindan en iyi
performans gosteren modelin ¢iktist almir (Dilwani,
2019). Verilerin pargalara ayrilarak analiz islemine tabi
tutulmasiyla gergeklestirilmektedir. Buradaki amag
daha kiiciik pargalar kullanilarak daha iyi bir tahmin elde
edilmesi ve bagarinin artirilmasidir (Yangin, 2019).

Sy Ly pi) +5 0%, (6)

2.8. Model Performans Metrikleri (Model
Performance Metrics)

Regresyon modellerinde, 6grenme islemini basarili
kilmak i¢in hata fonksiyonlarindan ¢ikan degerin
minimum olmas: hedeflenmektedir. Model igin en
uygun optimizasyon fonksiyonunu segerek bu hedefi
gergeklestirmek miimkiindiir (Henrique vd., 2019).

Modellerin performans: ise hata fonksiyonlar ile
Olciilmektedir. Regresyon problemleri igin kullanilan
hata fonksiyonlar1 Ortalama mutlak hata (MAE), Hata
kareler ortalamast (MSE) ve Ortalama mutlak hata
yizdesi (MAPE) seklinde siralanabilir. Tahmin
sonucunun gercek degerden ne kadar uzak oldugu bu
metrikler ile analiz edilebilmektedir. Uygulanan
metotlarda degerlendirme Olgiitii olarak Esitlik (7)’de
ifade edilen MAPE tercih edilmistir. Esitlikte G gergek
deger, T ise tahmin degeri ifade etmektedir. MAPE
degerinin %10’un altinda ¢ikmas1 yiiksek dogruluga
sahip modeli, %10 ile %20 arasinda olmasi ise dogru
tahmin modelini temsil etmektedir (Karabigak vd.,
2018).

n 1(Gi-Ty)|
=1 64

MAPE = )

Modellerin basarisini 6lgmek igin kullanilan bir
diger metrik de dogruluktur. Esitlik (8)’deki gibi
modelde dogru tahmin edilen alanlarin toplam veri
kiimesine orani ile dogrulugu hesaplamak miimkiindiir.

TP+TN
TP+TN+FP+FN

Dogruluk = (8)
Burada TP (True Positive, Dogru Pozitif), TN (True
Negative, Dogru Negatif), FP (False Positive, Yanlig
Pozitif) ve FN (False Negative, Yanlis Negatif)’i ifade
etmektedir.

2.9. Uygulama (Application)

Calisma i¢in python programlama dili ve model
kurgusu i¢in destekledigi kitiiphaneler ile spyder
programindan yararlanilmustir.

2.9.1. Python (Python)

Python  okunabilirligi  kolay, modiiler ve
yorumlanabilir bir script dildir. Son yillarda bilimsel
hesaplama yontemlerinin basinda gelen yapay zeka
alaninda yaygin sekilde kullanilmaktadir. Sonuglari
kolaylikla okuma, analiz etme ve gorsellestirme imkan1
sayesinde arastirmacilar tarafindan tercih edilmektedir.
Platform bagimsiz olmasi en biiyiik avantajlarindan bir
tanesidir (Uriin, 2019). Calismada python 3.7.4 siiriimii
kullanilmistir.

2.9.2. Spyder (Spyder)

Python i¢in pek c¢ok editor bulunmakta olup
calismada Spyder programi tercih edilmistir. Ucretsiz ve
acik kaynak bir yazilimdir. Spyder programimin
degisken goriintilleme ekranindan degiskenlerin isim,
tiir, boyut ve aldiklar1 degerlere ulasmak miimkiindiir
(Alkan, 2019).

2.9.3. Keras (Keras)

Python pek ¢ok kiitliphane destegi vermektedir.
Bunlardan, makine 6grenme modellerini tanimlamak ve
egitmek amaciyla Keras kiitiiphanesi ¢aligmada
kullanilmistir.

2.9.4. Tkinter (Tkinter)

Ayrica ara yliz gelistirmeye yarayan, form
uygulamalari i¢in olanak saglayan Tkinter kiitiiphanesi
de uygulamaya dahil edilerek tekrar tekrar
kullanilabilmeye imkén saglanmistir.

3. Deneysel Sonuclar (Experimental Results)

Tesiste kullanilan kiikiirt giderici ii¢ reaktif malzeme
olan Magnezyum, Kire¢ ve Florit i¢gin modelin tahmin
yetenekleri test edilmistir. Bu degiskenlerin tahminine
yonelik her bir degisken i¢in modeller olusturulmustur.
Dolayisiyla model ¢ikisi  tek bir degiskenden
olusmaktadir.
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Kiikiirt giderme iglemi icin tesiste kullanilan en
onemli malzeme Magnezyum’dur (Ozmen vd., 2018).
Bundan dolay1 c¢alismada ilk hedef Magnezyum
miktarmin tahmin edilmesidir. Magnezyum tahmin
islemi gergeklestirildikten sonra Kire¢ tahmini
gerceklestirilmis  olup bu tahminde Magnezyum
degerlerinden de yararlanilmistir. Son olarak Florit
tahmin iglemi gergeklestirilmis olup burada da
Magnezyum ve Kire¢ degerleri kullanilarak tahmin
islemi gerceklestirilmistir.

Bu kurgu dahilinde Linear Regression, Kneighbors
Regressor, Decision Tree Regressor, Random Forest
Regressor ve XGBoost metodlart uygulanmistir. Bu
metodlarin  algoritmalar1  python  kiitiphanelerinde
tanimli olup; LinearRegression, KNeighborsRegressor,
DecisionTreeRegressor, RandomForestRegressor ve
XGBRegressor  fonksiyonlart uygulamaya  dahil
edilmistir. RandomForestRegressor metodunda
n_estimators parametresi 100 olarak secilmistir.
XGBRegressor icin asagidaki sekilde parametreler
belirlenmigtir. Diger metodlar varsayilan hali ile
kullanilmaistir.

XGBRegressor(base_score=0.5, booster='gbtree', colsample bylevel=1,
colsample_bynode=1, colsample_bytree=1, gamma=0,
importance_type='gain’, learning_rate=0.1, max_delta_step=0,

max_depth=3, min_child_weight=1, n_estimators=100,
n_jobs=1, nthread=None, random_state=0,
reg_alpha=0, reg_lambda=1, scale_pos_weight=1, seed=None,

silent=None, subsample=1, verbosity=1)

Sekil 3. XGBoost Modeli i¢in Kullanilan Parametreler
(Parameters Used for XGBoost Model)

Makine 6grenimi modellerinin basarisi, igerdigi
parametrelere gore degiskenlik gostermektedir. Bu
amagla model farkli katman/néron sayilari, maliyet
fonksiyonlar1 vb. parametreler kullanilarak test
edilmistir. Kullanilan farkli parametreler arasindan en
iyi performansa sahip mimari secilerek agin egitimi
tamamlanmustir.

Gelistirilen YSA modeli Sekil 4’te gosterilmistir
(Ozcan, 2021). Model sonuglarinin kiyaslanmasi igin
MAPE ve Dogruluk olmak fiizere iki farkli metrik
kullanilmistir. Her bir ¢ikis degeri igin sonuglar Tablo 2,
Tablo 3 ve Tablo 4’te gosterilmistir.
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Sekil 4. Onerilen YSA Modeli (Proposed ANN Model)
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Tablo 2’ye gére MAPE ve dogruluk degerleri baz
alindiginda; Magnezyum igin en iyi sonuglar YSA
modeli tarafindan elde edilmistir. Lineer Regresyon
YSA’dan sonra basarili olan ikinci ydntem olarak
goriilmektedir. Ayrica K-En Yaki Komsu yontemi de
Lineer Regresyon’a yakin bir sonug elde etmistir. Bu ii¢
yontemin digerlerine gore daha basarili bir tahmin
yaptig1 goriilmektedir.

Tablo 2. Mg Degiskeni i¢in Metodlarin Sonuglar1 (Results of
Methods for Mg Variable)

Yontem MAPE Dogruluk
Lineer Regresyon 17,15 82,85
K-En Yakin Komsu 18,28 81,72
Karar Agaglar1 46,74 53,26
Rastgele Orman 44,70 55,29
XGBoost 44,37 55,63
YSA 14,99 85,00

Tablo 3’e gore Kireg i¢in en iyi degerler Magnezyum
da oldugu gibi yine YSA modeli tarafindan elde
edilmistir. Yine Lineer Regresyon YSA’dan sonra ikinci
sirada yer almakta ve onu K-En Yakin Komsu yontemi
izlemektedir. Diger yontemlerin elde ettikleri degerler
ise kiyaslanacak seviyede degildir.

Tablo 3. CaO Degiskeni igin Metodlarin Sonuglari (Results of
Methods for CaO Variable)

Yontem MAPE Dogruluk
Lineer Regresyon 6,03 93,96
K-En Yakin Komsu 7,81 92,19
Karar Agaclart 48,53 51,47
Rastgele Orman 47,82 52,18
XGBoost 47,61 52,39
YSA 4,59 95,41

Tablo 4’e gore Florit i¢in en iyi degerler diger ¢ikis
degiskenlerinde oldugu gibi YSA modeli tarafindan elde
edilmistir. Lineer Regresyon ve K-En Yakin Komgu
YSA’ya yakin degerleri elde eden iki yontem olarak
goriilmektedir. Diger yontemlerin basarisi ise rekabet
edecek seviyede degildir.

Tablo 4. CaFz Degiskeni i¢in Metodlarin Sonuglari (Results of
Methods for CaF, Variable)

Yontem MAPE Dogruluk
Lineer Regresyon 25,05 74,94
K-En Yakin Komsu 25,48 74,51
Karar Agaclari 65,86 34,14
Rastgele Orman 63,24 36,76
XGBoost 62,18 37,82
YSA 19,85 80,14

Tiim degerler 1s181inda tahmini gergeklestirilen {ii¢
farklt malzeme i¢in YSA modelinin diger yontemlere
gore basarili oldugu tespit edilmistir. YSA Magnezyum
icin %85, Kire¢ i¢cin %95,4 ve Florit i¢in %80,14
dogruluk degerlerini elde etmistir. Yine bu degiskenler
icin YSA sirasiyla 14,99, 459 ve 19,85 MAPE
degerlerine ulagmistir. Florit ve Kire¢ tahmininde
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modele Magnezyum’un degigken olarak eklenmesi, bu
malzemelerin miktarinin belirlenmesinde Magnezyum
miktarmin da etkili olmasindan kaynaklanmaktadir.

Magnezyumun modele eklenmeden ve eklendikten
sonra elde edilen sonuglar kargilagtirmali olarak Tablo
5’te verilmistir.

Tablo 5. Giris Degiskeni Olarak Mg’ nin Model Sonuglarina Etkisi (Effect of the Results of the Model for Mg as an Input Variable)

Cao (Kireg)

CaF: (Florit)

Mg'siz Model Mg'li Model Mg'siz Model Mg'li Model
Yontem MAPE Dogruluk MAPE Dogruluk MAPE Dogruluk MAPE Dogruluk
Lineer Regresyon 18,347 81,65 6,03 93,96 33,866 66,13 25,05 74,94
K-En Yakin Komsu 19,631 80,37 7,81 92,19 36,841 63,16 25,48 74,51
Karar Agaglart 48,172 51,83 48,53 51,47 65,845 34,15 65,86 34,14
Rastgele Orman 45,543 54,46 47,82 52,18 59,809 40,19 63,24 36,76
XGBoost 45,075 54,92 47,61 52,39 59,492 40,51 62,18 37,82
YSA 16,507 83,49 4,59 95,41 36,005 63,99 19,85 80,14

4. Sonuclar ve Tartisma (Conclusions and
Discussions)

Celik malzemelerin sanayinin gelisimiyle {ilkemizde
ve tiim diinyada birgok alanda kullanimi bu maddenin
onemini artirmigtir. Stvi ham demir kullanilarak elde
edilen celigin kalitesi, bu asamada gergeklestirilen
kiikiirt giderme islemiyle yakindan iligkilidir. Kiikdirt
giderme igleminde kullanilan baslica malzemelerin en
basinda magnezyum, kire¢ ve florit gelmektedir.

Bu c¢aligmada, iretilen sivi ham demirde kiikiirt
giderme iglemi i¢in yukarida bahsedilen malzemelerin
miktarmin tahmini igin farkli regresyon yontemleri
(Lineer Regresyon, K-En Yakin Komsu, Karar Agaglari,
Rastgele Orman, XGBoost, Yapay Sinir Agi) test
edilmistir. Bu yontemlerden elde edilen sonuglar MAPE
ve dogruluk metrikleri kullanilarak degerlendirilmis ve
YSA yontemi diger yontemlere kiyasla bagarilt
olmustur. MAPE degerleri Kire¢ i¢in %5’in altinda,
Magnezyum ve Florit i¢in ise %?20’nin altinda
sonuglanmigtir. Bu degerin %20’den daha diisiik bir
degerde olmasi, gelistirilen modeli dogru tahmin modeli
sinifina dahil etmektedir.

Veri setindeki verilerin sinirli sayida olmasi makine
0grenme modellerinin basarisint  da smirli  hale
getirebilmektedir. Bu yiizden ileriki ¢alismalarda veri
artirma yontemi kullanilarak makine 6grenme modelleri
test edilerek basar1 oranmin daha da artirilabilmesi ve
hata degerlerinin minimum hale getirilmesi miimkiin
olabilir.
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Abstract

This study aims to examine, regulate, and update the land transportation of the Erzurum Metropolitan Municipality (EMM), Turkey
using computerized calculation techniques. In line with these targets, some critical information has been obtained for study: the number
of buses, the number of expeditions, the number of bus lines, and the number and maps of existing routes belonging to EMM. By using
the information that has been obtained, this study aims at outlining specific outputs according to the input parameters, such as
determining the optimal routes, the average travel, and the journey time. Once all of these situations were considered, various
optimization algorithms were used to get the targeted outputs in response to the determined input parameters. In addition, the study
found that the problem involved in modeling the land transport network of the EMM is in line with the so-called “traveling salesman
problem,” which is a scenario about optimization often discussed in the literature. This study tried to solve this problem by using the
genetic algorithm, the clonal selection algorithm, and the DNA computing algorithm. The location data for each bus stops on the bus
lines selected for the study were obtained from the EMM, and the distances between these coordinates were obtained by using Google
Maps via a Google API. These distances were stored in a distance matrix file and used as input parameters in the application and then
were put through optimization algorithms developed initially on the MATLAB platform. The study’s results show that the algorithms
developed for the proposed approaches work efficiently and that the distances for the selected bus lines can be shortened.

Keywords: Optimization, Evolutionary Algorithms, Traveling Salesman Problem, Genetic Algorithm, Management Information
Systems

Toplu Tasima Sistemlerinin Evrimsel Algoritmalarla Optimizasyonu

Ozet

Bu ¢alisma, Erzurum Biiyiiksehir Belediyesi'nin (EBB) Tiirkiye kara ulasimini bilgisayarli hesaplama teknikleri kullanarak incelemeyi,
diizenlemeyi ve giincellemeyi amaglamaktadir. Bu hedefler dogrultusunda, ¢alisma i¢in bazi 6nemli bilgiler: otobiis sayisi, sefer sayisi,
otobiis hatt1 sayis1 ve EBB’ye ait mevcut giizergdh sayisi ve haritalar1 elde edilmistir. Bu ¢aligma, elde edilen bilgileri kullanarak,
optimal rotalarin belirlenmesi, ortalama seyahat ve yolculuk siiresi gibi girdi parametrelerine gore belirli ¢iktilarin ana hatlarini ¢izmeyi
amaclamaktadir. Tiim bu durumlar géz 6niine alindiginda, belirlenen girdi parametrelerine karsilik hedeflenen ¢iktilari elde etmek i¢in
¢esitli optimizasyon algoritmalar1 kullanilmigtir. Calisma, EBB’ nin ulagim aginin modellenmesindeki problemin, literatiirde siklikla
tartisilan optimizasyonla ilgili bir senaryo olan “gezgin satici problemi” ile uyumlu oldugunu bulmustur. Calismada genetik algoritma,
klonal se¢im algoritmasi ve DNA hesaplama algoritmasi kullanilarak bu problem ¢éziilmeye ¢alisilmigtir. Calismada segilen otobiis
hatlarmdaki her bir durak icin konum bilgisi EBB'den almmis ve bu koordinatlar arasindaki mesafeler bir Google API iizerinden Google
Maps kullanilarak elde edilmistir. Bu mesafeler bir mesafe matrisi dosyasinda saklanmis ve uygulamada giris parametreleri olarak
kullanilmig daha sonra MATLAB platformunda gelistirilen optimizasyon algoritmalarina aktarilmistir. Calismanin sonuglari, 6nerilen
yaklagimlar i¢in gelistirilen algoritmalarin verimli calistigini ve segilen otobiis hatlar1 igin mesafelerin kisaltilabilecegini
gostermektedir.

Anahtar kelimeler: Optimizasyon, Evrimsel Algoritmalar, Gezgin Satici Problemi, Genetik Algoritma, Yonetim Bilisim Sistemleri
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1.Introduction

The rapid and recent developments in computer and
internet technology have enabled many processes to be
done fully automatically and quickly. In addition, in light
of these developments, although the problems
encountered in daily life can occur rapidly, they can also
be resolved much more easily using this technology. In
parallel with this situation, it was inevitable that
optimization processes would be used for constantly
encountered problems in daily life. The optimization
concept refers to a process developed every day and aims
to facilitate the processes involved in everyday life.
These can be used by human beings to use time more
efficiently and solve problems in their work. In addition,
by developing this concept every day and moving it to a
higher level, the number of problems can be solved can
be increased (Deng et al. 2017). At this point, the
developments in computer technology and the
continuous increases made in terms of processor power
have downsized a large amount of computing time,
which is a frequently encountered problem when
utilizing optimization processes. Using this increase in
processor power, problems that require a vast solution
space can be calculated in a much shorter time and in a
much more accurate way.

Optimization processes are encountered various
fields, such as engineering, design, financial planning,
holiday planning, computer science, and industrial
computing (Sundararaghavan et al. 2010). Human
beings have always aimed to maximize or minimize a
purpose. For example, the effort at minimizing current
expenses while trying to maximize the profit of an
enterprise is something wanted by many human beings.
For this reason, humankind has made it a goal to choose
the most suitable solution for almost every problem. The
aim of achieving the best price-performance balance
when purchasing goods and when running or performing
more than one business in parallel with each other over
a specific period forms the basis of having an
optimization process.

There are various optimization methods studied in the
literature. These methods are generally based on
numerical calculations, and the problems with a vast and
possible solution area can be solved in a concise amount
of time. Thanks to the development of these methods,
completely tailored solutions can be produced and
specific targets for success can be achieved. Examples
of the best known of these methods include the genetic
algorithm, the ant colony algorithm, particle swarm
optimization, the differential development algorithm, the
clonal selection algorithm, and the DNA computing
algorithm. Although there are various algorithms in the
literature, there are some basic steps involved in
optimization algorithms. A block diagram showing these
steps is given in Figure 1.

Creating a basic configuration

|

Defining design variables

I

Setting up the target function

I

Defining the restrictive function

I

@ Selection and implementation of the
appropriate optimization method

® ®© 6 06

Figure 1. Steps to Follow for Optimization Problem

As shown Figure 1, the first step in an optimization
problem is to create the basic configuration. After this
step, it is necessary to determine the design variables and
define them for the problem. In the third step toward the
solution, the objective function should be determined
and be suitable for the problem. After this process, the
restrictive statements in the problem should be defined
in the application, and the problem should be designed
according to these constraints. In the last stage of the
system, a suitable optimization method should be
selected and then implemented. Optimization algorithms
are used in many different fields (Guo et al. 2007). One
of these studies sought to solve the traveling salesman
problem by using the genetic algorithm. In the study,
crossover and mutation steps were used and the mutation
process was carried out in two stages in terms of
scrolling and adding. After the crossover process was
complete, the individuals were checked and an attempt
was made to determine if any deterioration to their
condition had occurred. The approach proposed within
the scope of the study has been tested in two different
cities, 40 and 100. It has been observed that the proposed
method contributes significantly to solving the GSP
(Chen 2013)-(Bolat and Cortés 2011) proposed an
optimization approach that was based on the Genetic
Algorithm and the Tabu Search algorithm for a group of
elevator systems. In this study, the floor numbers and
cabin numbers were grouped and tests were carried out
in different combinations of these groups. In the
proposed approach, it was observed that the average wait
time and the average travel times of the passengers were
lowered, and it was also found that the Genetic
Algorithm vyielded better results than the Tabu search
algorithm. Another study on this subject, by (Groba et
al. 2015), used the combination of a prediction technique
and the genetic algorithm, which is an intuitive method,
for the solution to the dynamic traveling salesman
problem. In this study, route optimization was done for
a scenario in which the targets were constantly moving.
For this purpose, a genetic algorithm was created that
feeds in Newton’s motion equation. The study results
proved that the trajectory approach using the prediction-

Journal of Intelligent Systems: Theory and Applications 5(1) (2022) 64-74 65



based genetic algorithm provides better and more
effective results than the methods commonly used, as
noted in the literature. A flow diagram summarizing the
trajectory predictions based on the approach that used
the genetic algorithm method developed within the
scope of the study is shown in Figure 2.

Start

Future Forecast of
Objects

Random Route
Selection

Calculating the Fitness of
Each Route

Choosing the Ye 5
Best Route

No

Individual Selection

New Individual Production

Figure 2. Genetic Algorithm Application for Dynamic TSP

In a study conducted by (Baygin and Karakose 2013),
the genetic algorithm, the clonal selection algorithm, and
the DNA computing algorithm were used, and the timing
of a group of elevator systems was checked. For this
purpose, an elevator system with 20 floors and five
cabins was simulated and examined using the three
different optimization methods. The study aimed to
decrease the average wait time of the passengers,
decrease the average amount of their travel time, and
decrease the amount of energy that was consumed by the
cabins. In another study that took up the traveling
salesman problem, a hybrid approach was proposed and
was based on the particle flock algorithm, the ant colony
algorithm, and the 3-Opt algorithm. In this study, the
particle flock algorithm was used to optimize the
parameters affecting the performance of the ant colony
algorithm. In addition, the 3-Opt intuitive method, the
other method used in the study, was used to develop
localized solutions. The experimental studies conducted
in this research showed that the proposed approach
yielded better results than many others found in the
literature in terms of the quality and accuracy of the
solution (Mahi et al. 2015). A block diagram that
summarizes this study is shown in Figure 3.

PSO Optimized Alpha Beta

ACO

GSP Distance Matrix

No

Yes

3-0PT > Report Best Solution

Figure 3. Ant Colony and 3-Opt Algorithm Based
Optimization Process for TSP

This study, which was conducted in Turkey, aims at
using optimization algorithms to optimize actively used
bus lines in the city of Erzurum. In this context, certain
lines have been optimized, and the purpose of the study
was to find out how to provide a faster, better, and more
effective service for bus passengers. First, six different
line routes actively used by the municipality were
selected and the GPS data for each of the stops on these
lines were obtained. The GPS data were sent to Google
Maps via a Java program using the Google API, and the
distance matrix files were drawn from Google Maps.
This distance was used to calculate the conformity
function in the matrix file for the optimization
algorithms. After these processes, the clonal selection
algorithm, the genetic algorithms, and the DNA
computing algorithms were developed from an artificial
immune system in a MATLAB environment. These
previously selected routes were subjected to
optimization. After all of these processes, new routes
were configured for each of the line routes and these
were compared with the currently used routes. As a
result of the simulations carried out, significant
improvements were achieved on the six different routes.
The distance for each of the routes currently in use has
been significantly shortened.. In addition, the results
have been marked on Google Maps and the new routes
are visualized.

The traveling salesman problem is examined in the
second part of this study. In the third section, the
algorithms used for the optimization process are
provided. The results of the simulations carried out are
provided in the fourth part of the study and these results
are given comparatively. In the fifth and last part of the
study, further results and suggestions are included.

2. The Traveling Salesman Problem

The traveling salesman problem (TSP) is a scenario in
which the purpose of a salesman is to sell his goods in
an “n” different city. While performing this process, the
traveller should visit the city only once and not visit the
previously visited city. Determining the minimum length
of the road route within the scope of these objectives and
constraints is the primary purpose for solving the traveler
salesman problem(Asadpour et al. 2010). A simple
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version of the traveling salesman problem is summarized

below(NARALAN et al. 2017);

o A traveler wants to sell his or her goods in “n” different
cities. The salesperson wants to visit the cities as soon
as possible and wants to visit each city alone. The
problem aims to offer the seller the shortest route that
has the least cost.

e In the first city, the seller has the right to choose
between “n-1” different city roads.

¢ In the second city, the seller has the right to choose
between “n-2” different city roads. In this way, the
cities that the vendor has visited are subtracted from
the total of the city “n,” and the process is continued
again in the same way. When the problem is
considered in general, the total “(n-1)!” are the many
situations or possibilities.

Consequently, if the seller is assumed to be going to
these cities in the opposite direction, “(n-1)! / 2” has to
be chosen from the different routes taken at each step. In
Figure 4, an exemplary version of the traveling salesman
problem is given (NARALAN et al. 2017).

(b)
Figure 4. An Example Traveling Salesman Problem and
Solution

As shown in Figure 4, the numbers represent the cities
and the lines represent the routes between the cities. For
example, a seller has to choose between 29! / 2 different
tours for a tour of the 30 cities. From this point of view,
the travelling salesman problem is the type of problem
that belongs in the NP-Tam class(Kovacs et al. 2018).
The possibilities of the routes to be followed by the
salesman, who wants to go from the number 1 city to the
number 9 city as soon as possible, is shown in Figure 4.
If the total number of cities to be visited by the salesman
is shown with “n,” and the round-trip distances for these
“n” cities that he visited may be the same or different
(Wang et al. 2016). The main reasons for the different
round-trip distances between the cities can be listed,
including situations such as having to take a compulsory
direction in traffic, the existence of traffic jams, and the
compatibility of the round-trip lanes to be used. In other
words, the cost calculated to go from “A” to “B” and the
calculated cost to reach “A” from “B” may not always
be the same. The literature defines this situation as the
symmetrical / asymmetrical traveling salesman problem
(Hasan Soyler 2007).

The symmetrical traveling salesman problem involves
having a distance between the two cities equal to the

round-trip length. Depending on the situation, the costs
to be spent for the distances during the journey are also
equal. The opposite of the symmetric traveling salesman
problem is the asymmetrical traveling salesman
problem(Nguyen et al. 2002). There are some cases in
which symmetrical problems are not always valid.
Especially in big cities, traffic jams, one-way roads, bad
weather, bad road conditions, etc. For reasons such as
these, the definition of the problem will need to be more
elaborate(Saji and Riffi 2016). Considering all of these
situations, the problem of asymmetrical traveling
salesman involves a scenario in which the round-trip
distance between two cities or points and the cost to be
covered at these distances are not equal (Choong et al.
2019). A block diagram illustrating the symmetrical and
asymmetrical traveling salesman problem is presented in
Figure 5.

(&) Symmetrical (b) Asymmetrical

traveler seller traveler seller

Figure 5. Symmetric / Asymmetric Traveler Salesman
Problem Status

Figures 5 (a) and (b) present the symmetrical and
asymmetrical traveling salesmen problem according to
their distances. Figure 5- (a) shows that the round-trip
distances between the same two-knot pairs are the same.
On the other hand, in the symmetrical travelling
salesman problem, the distances between the nodes
remain the same for the round-trip and return. The
opposite of this situation is given in Figure 5-(b). In this
example, the round-trip distances between any two pairs
of nodes are different from each other. When the data
obtained within the scope of this study are examined, it
can be observed that the optimization problem of the
EMM public transportation network coincides with the
asymmetric traveling salesman problem. For this reason,
the study mainly aims to solve the problem of the
asymmetric traveling salesman.

3. Proposed Method

Within the scope of this study, the optimization
methods that can ascertain the optimal road routes for
bus lines that are frequently encountered and used in
daily life were researched and applied. For this purpose,
data from the EMM Public Transportation Branch
Directorate were provided, and the data were made ready
for use in practice. After these steps, the distance
between the coordinates of these stops was obtained
using an application prepared using the Google API, and
a distance matrix table was created. Three different
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optimization methods were researched and applied in
detail. In this context, the genetic algorithm, the DNA
computing algorithm, and the clonal selection algorithm
from an artificial immune system, which is one of the
methods frequently used, as noted in the literature, were
utilized. The approach proposed in this study was tested
on six different routes and it aimed to shorten the routes
that the buses actively follow. A block diagram that
summarizes the system's flow in line with all of these
objectives is shown in Figure 6.

Provision of EBB Bus
Route Data

L

Examining the Data
Obtained

L

Editing and Updating Data

L

Google API

Obtaining Distance Provision of Route Determining the Fitness
Matrices Information Function
[ I
I I ]
. . Clonal Selection DNA Computing
Genetic Algorithms Mlgorithm Algorithm

[ I

Optimum New Road
Routes

Figure 6. Steps of the Proposed Approach

As can be seen in Figure 6, three different
optimization algorithms were used in the proposed
method. These methods are the genetic algorithm, the
clonal selection algorithm, and the DNA computing
algorithm. The details for each of these optimization
methods are presented below in the subsections.

3.1 The Genetic Algorithm

The genetic algorithm method consists of seven
steps(Malhotra et al. 2011). A flow chart that
summarizes the steps of the genetic algorithm is given in
Figure 7, and the details for each of these steps are given
below.

e Random Start Population Creation: The first step in
using the genetic algorithm is to generate a random
population based on the problem. Although there are
various methods noted in the literature, e.g., binary
coding and permutation coding, permutation coding was
preferred for this study. Therefore, within the scope of
this study, a 100-element population was created.

o Calculate Fitness: The next stage taken while using
the genetic algorithm is to determine the purpose
function and subject the individuals that were randomly
created in the previous step to this function. The
purpose function used in the application is presented in
Equation 1.

Generate initial |
population

Fitness Calculate

Displacemen
process

Individuals with
the best
suitability

Fitness Calculate,
Mutant

iduals

Crossover

Clone
Individuals

Mutation

Figure 7. Genetic Algorithm Steps (Suman 2015)

XI5 MT(Py, Piyy) @
n = Total number of stops

P = Individual in the population

MT = Distance table

e Selection: At this stage in using the genetic
algorithm, the individuals are ranked from the best to the
worst, depending on their fitness values. After this
ranking process, a selection process is carried out. There
are various selection approaches taken up in the
literature. The best known of these selection procedures
are called elitism, roulette wheel, and tournament
selection(Mohammed et al. 2017). In this study, the
roulette wheel method was preferred.

e Crossover Process: In this step in using the genetic
algorithm, the individuals selected in the previous step
are subjected to the crossover process. The primary
purpose here is to cross different individuals with the
best suitability and to obtain child individuals with good
suitability, but in a different structure (Hiassat et al.
2017). In this study, a single-point crossover was
applied.

e Mutation Process: In this part of the genetic
algorithm, a mutation process is applied to the child
individuals obtained at the crossover stage. The mutation
process is carried out in reverse proportion to the
suitability of the individuals.

e Calculate Fitness and Change: The next step in using
the genetic algorithm after the mutation phase is the
calculation and change process. The re-eligibility of the
new child individuals obtained is calculated and
subjected to displacement with the individuals in the
randomly generated population at the beginning(Priyo
Anggodo et al. 2016).

o Termination: In this section, which constitutes the last
stage in using the genetic algorithm, how long the
algorithm will work is specified and, at the end of this
period, the aim is to terminate the algorithm. In studies
carried out for this purpose, the termination criteria of
the genetic algorithm were determined in terms of 1000
iterations.
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3.2 The Clonal Selection Algorithm

A flow diagram showing the steps involved in the
clonal selection algorithm, taken from the artificial
immune system, is provided in Figure 8. In addition, the
steps for this method are as shown below (Muthreja and
Kaur 2018).

Generate initial
population

Fitness Calculate

Roulette
Wheel

Cloning Fitness Calculate,

Clone
Individuals

Mutation

Displacement’
process

Individuals with
thebest
suitability

Figure 8. Clonal Selection Algorithm (Guney et al. 2007)

o |nitially Population Create: The first step involved in
the clonal selection algorithm is to generate random
populations, just as in the genetic algorithm. In this step,
in which permutation coding is preferred, again as in the
genetic algorithm, random routes are created in terms of
the population size specified by the user(Xu et al. 2016).
e Calculate Fitness: This stage involved in the clonal
selection algorithm is the same process as in the genetic
algorithm, and the calculation function given in equation
1 is used.

e Selection: At this stage in the clonal selection
algorithm, the individuals with the best suitability are
selected and these parent individuals are transferred to
the next step, the crossover step. Again, in this
algorithm, the roulette wheel method is preferred.

e Cloning: After the selection process is performed
based on the suitability value, the next step is cloning,
that is, the copying process of the selected “n”
individuals(Shrikrishna et al. 2018). The primary
purpose here is to copy the more well-suited individuals
and fewer of the well-suited individuals. In this way, a
new and temporary population can be obtained.

e Mutation: This is the process of replacing individuals
in the temporary population by replicating the mutation
process if certain conditions occur(Muthreja and Kaur
2018).

o Calculate Fitness and Change: The re-eligibility value
of the temporary population that has been subjected to
mutation is calculated and subjected to change.

e Termination: The last stage involved in the clonal
selection algorithm is termination. This stage is the
section that determines how long the clonal selection
algorithm will operate.

3.3 The DNA Computing Algorithm

A flow diagram that summarizes the processes for the
DNA computing algorithm is given in Figure 9.
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Figure 9. DNA Computing Algorithm Flow Diagram

e Generating Random DNA Sequences: The first step
involved in the DNA computing algorithm is to generate
random DNA sequences. DNA molecules are used in the
creation of DNA sequences. These molecules are
adenine, thymine, guanine, and cytosine. The numerical
equivalents of these molecules are given below.
A=0,6G=1C=2T=3

AAA = 0x4° + 0x4' + 0x4%2 =0

TTT = 3x4° + 3x4! + 3x4? = 63
As can be seen from this example, by bringing the three
molecules side by side, DNA sequences of up 63 stops
can be obtained. In this study, the maximum number of
stops in the selected lines is 60, and all of these stops can
be expressed in terms of the three-string DNA
sequences. In this context, when creating a random
population, the DNA sequences of three are combined
side by side and a DNA helix given in the total equation
2 is obtained. A sample DNA sequence randomly
generated for an 18-stop route is given in Figure 10.

DNA Sequence

| AAGAGTAGAGAGATAACAATTACGAGCGAAAACAATAGGATCACCACTATGGAC |

Base4 | Equivalent

| 001013010101030020033021012100002003011032022023031102 |

Decimal System (Stops)

117|472 81596 |16|2)]3]|5]|14]10[11]13]|18

Figure 10: DNA Computing Algorithm Flow Diagram

o Numerical Value Cycle: The DNA helix obtained in
the first stage of the application is converted into real
numerical values in the second stage of the
application(Zhang 2018).

o Calculate Fitness: A conformity calculation is carried
out as in the other two optimization methods, and
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Equation 1 is used for this purpose.
o Crossover Process: In the fourth stage used in the
DNA computing algorithm, the crossover process is
applied to the selected DNA sequences. The crossover is
done on DNA strands, not on the numerical values.
e Enzyme and Virus Mutation: In the DNA computing
algorithm, a two-stage mutation process is applied to the
DNA sequences. The first of these processes is the
enzyme mutation, which is the process of deleting any
DNA sequences randomly selected from the DNA
sequence. The second is a virus mutation, which
involves replacing a randomly deleted DNA sequence
with a newly produced DNA sequence(Dodge et al.
2020).
o Calculate Fitness and Change: This process is
performed in the DNA computing algorithm and is
applied just as in the other two methods. At this stage,
The mutated DNA sequences are converted back into
numerical data and their suitability is calculated(lbrahim
etal. 2018).
e Termination: A termination criterion is also used for
the DNA computing algorithm. With this termination
process, the DNA computing algorithm is stopped at a
certain point and the result obtained is recorded as the
solution. As with the other methods, 1000 iterations
were preferred in using the DNA computing algorithm.
In this study, three different optimization methods
were used for solving the traveling salesman problem.
These methods were tested for the actively used routes,
and the results obtained have been compared. The
comparative steps for each of the algorithms used in the
application are presented in Table 1.

Table 1. Comparison of the steps of the algorithms used

Step | GA CSA | DNA
- Determining the type of coding
Start | - Determination of fitness functions, population
size and termination criteria
Creating Creating Creating
1 random random random
populations populations populations
5 Calculate Calculate Calculate
Fitness Fitness Fitness
3 Selection Selection Selection
process process process
4 Crossover Cloning Crossover
-Enzyme
5 Mutation Mutation mutation
-Virus
mutation
6 Calculate Calculate Calculate
Fitness Fitness Fitness
7 Displacement | Displacement | Displacement
Repeat process from step 3 according to
End A o
termination criteria

4. Simulation Results

Six line routes, which the EMM public transportation
administration actively uses, have been optimized using

the steps outlined in this study. In the optimization
processes, three different methods were used: clonal
selection, genetics, and the DNA computing algorithm.
In this study, the distance matrices are used in the
calculation process, the results are then obtained, and
then a comparison of the three optimization methods is
made. The optimization methods take the distance
matrix files as the input parameters. These distance
matrix files were obtained through the Google API using
GPS coordinates, and sample GPS data for one of the
lines used is presented in Table 2.

Table 2. Comparison of the steps of the algorithms used
Stop Coordinate Stop Coordinate
1 39.902638 10 39.911979

41.274524 41.266006
2 39.89879 11 39.908586
41.270129 41.265283
3 39.90003 12 39.901406
41.267221 41.266290
4 39.90942 13 39.892800
41.265402 41.248494
5 39.91174 14 39.898357
41.265663 41.262598
6 39.907539 15 39.899936
41.278788 41.266736
7 39.906147 16 39.8981894
41.286567 1.270431
8 39.905089 17 39.897225
41.290898 41.272914
9 39.911879 18 39.898594
41.272602 41.275351

As can be seen from Table 2, the D1 route consists of
18 stops in total. The GPS coordinates of these stops are
given in Table 2. Within the scope of the application, a
total of six different lines are used, and the properties for
each of these lines are given in Table 3.

Table 3. The route information used within the scope of the
application

Route No Dl |Gl | G10 | G3 | G5 | G7

Stop Number | 18 | 42 | 60 45 | 57 | 28

The distances between the stops are different from
each other. This is due to the problem of being
asymmetrical. In other words, in this problem, the
transportation distance from point “A” to point “B” and
the distance from point “B” to point “A” may not be the
same. For this reason, the distance matrix files
previously obtained for each route are used for
calculating the compliance function. As a result of
touring the line routes made within the scope of this
study, all of the bus stop coordinates for the six lines
selected were obtained in a way that is closest to reality
by considering the possible error margins (one to three
meters) that may occur in the GPS fixing device. The
real data that was obtained has been tested with the
optimization methods and new routes that have shorter
lengths than the existing routes have been identified. The
conformity value changes obtained from the algorithms
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for the selected routes are presented in Figure 11.
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Figure 11. The changes of the suitability of algorithms for routes

In Figure 11, the compatibility changes of the
optimization algorithms for each line are presented. As
can be seen from the figure, each algorithm behaves
differently for each of the lines. The final results
obtained from these algorithms are presented in detail in
Table 4.

As shown in Table 4, there has been an improvement
on almost all of the lines. The genetic algorithm provides
the optimum improvement for three lines, the clonal
selection algorithm does so for two lines, and the DNA
Computing Algorithm does so for three lines. The new
optimized routes obtained from the algorithms, the daily
voyages carried out on these lines, and the daily gains
based on these voyages are given in detail in Table 5.

In addition, the new optimized routes that were
obtained from the algorithms are presented in Table 6.
As can be seen in Table 6, changes have been
experienced in all of the routes. In the final stage of the
application, the new routes obtained, along with the
existing routes, are drawn on Google Maps, and the
results for the application is visualized. An example
image for route D1 is given in Figure 12.

Table 4. The change of distance based on the algorithms (km)

Lines
D1 G7 Gl G3 G5 G10
E:;r;r)e“t Distance | 165710 17.1850 18.8170 25.8130 20.1150 26.7470
Genetic Algorithm | 13.8350 17.0340 18.8170 25.3020 18.7720 25.3110
Clonal Selection | ;g5 ¢4 17.1850 18.8170 25.3020 18.0490 25.2350
Algorithm
DNA ~ Computing | 1, 1570 17.0340 18.8170 25.3020 18.5810 24.8480
Algorithm
Table 5. The difference states varying by distance (km)
Routes PrevnoEJén[z)lstance Next Distance (Km) Percent (%) Numbiggli‘l;/)oyages Daily ;(Alggntilsmon
D1 16,2710 13,8350 14,9 16 38,976
Gl 18,8170 18,8170 0,0 16 0
G10 26,7470 24,8480 7,09 14 21,168
G3 25,8130 25,3020 1,97 15 7,665
G5 20,1150 18,0490 10,27 15 30,990
G7 17,1850 17,0340 0,87 18 2,718
Total 101,517
Average 16,920
Table 6: The exit routes obtained as a result of the application
- 1 7 8 6 9 10 11 4 5 2 3 12 13 14 15
e 16 17 18
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40 41 42
1 2 3 5 56 6 7 8 55 9 54 10 13 14 49
=] 16 47 18 19 20 21 22 23 24 25 26 27 28 29 30
o 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
17 46 48 15 50 51 52 12 53 11 4 57 58 59 60
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
8 16 17 35 19 20 21 22 23 24 25 26 27 28 29 30
31 32 33 34 18 36 37 38 39 40 41 42 43 44 45
1 4 54 5 53 6 52 7 47 11 46 12 13 14 15
7o) 16 17 18 19 20 21 22 35 23 25 26 27 28 29 30
o 31 32 33 34 24 36 37 38 39 40 41 42 43 44 45
10 48 9 49 8 50 51 55 3 2 56 57
~ 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16
o 14 17 18 19 20 21 22 23 24 25 26 27 28

5. Results and Discussion

Today, public transportation systems are actively used
in many countries around the world. In particular,
railway, seaway, and road transportation are the services
preferred by people when using public transport
systems. One of the main reasons why these services are
especially preferred by people is their desire to complete
their daily work faster, easier, and in a shorter amount of
time. As can be expected, people need to arrange these
routines according to specific days and times in order to,
do their daily routines as quickly as possible. When
considering all of these situations, the concept of
optimization emerges.

The optimization process is basically the selecting the
best or near best solution from a vast solution space. The
optimization process, which is used in many different
fields such as financial planning, computer science, and
industrial computing, is encountered even if people
regulate their daily work. In this study, an application
that can determine the optimal route for municipal bus
lines, which is a service offered by the municipalities and
is frequently encountered in daily life, is introduced. For
this purpose, a problem based on real data was solved by
using data provided by the EMM Public Transportation
Branch Directorate. The data provided was used in
applications made during this study using Google API
and Google Maps. These routes, subjected to testing,
have been examined, optimized, and visualized on

Google Maps.

During this research, various restrictions were
identified and some findings were identified. In this
context, the research was carried out only for six of the
line routes. Applying this method for all of lines the
would provide significant results in terms of ascertaining
the reliability of the applied methods. In addition,
looking at the real-world experience of the test results
obtained from the research on some pilot routes would
confirm the applicability and performance of the results.

In addition, it was determined that some of the stations
were located very close to each other and some of them
were located very far from each other when the stops
were physically visited in order to confirm the data
provided by the Metropolitan Municipality. In addition,
when considering the climatic structure of Erzurum, the
distance between the stops is relatively far from each
other, which significantly reduces the ease of access to
the buses. For this reason, the stop locations need to be
revised. During this research, it was observed that the
majority of the passengers using the buses travel by foot.
With the implementation of the optimization process on
these lines, the return of the earnings obtained on km
basis as an increase in the number of trips will allow the
passengers to travel more comfortably and more
efficiently.

When considering the energy consumption problems
today, buses need to achieve the minimum amount of
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fuel consumption. Depending on the situation, both the
stops' locations and the buses' routes should be reviewed
and updated periodically. In addition, the problem of
global warming directly affects many living spaces. The
biggest reason for this situation is the consumption of
fossil fuels. At this point, minimizing the emissions of
harmful carbon gases from these buses will provide
many societal and environmental benefits.
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Abstract

The detection and classification of power quality events that disturb the voltage and/or current waveforms in the electrical power
distribution networks is very important to generate electrical energy and to deliver this energy to the end-user equipment at an
acceptable voltage. Various property extraction methods are used to determine the type of disturbances in the electrical signal. In this
study, seven power distortions including voltage sag, voltage swell, voltage harmonics, voltage sag with harmonics, voltage swell with
harmonics, flicker, transient signals and pure sine as a reference signal is used. Synthetic data are produced in MATLAB using
parametric equations based on TS EN 50160 standard. Four kinds of feature extraction as frequency-amplitude, time-amplitude,
geometric mean and standard deviation is made with Stockwell Transform (ST), which is one of the methods used for the feature
extraction of the determined GKB. Detection of voltage distortions is interpreted through these properties. 640 simulation data is
entered into the classifier by using Support Vector Machines (SVM) and Artificial Neural Networks (ANN) and their classification
performance is compared.

Keywords: Power Quality Disturbance, Stockwell Transform, Support Vector Machine, Artificial Neural Network.

Stockwell Doniisiimii Tabanh Gii¢ Kalitesi Bozunumlarmin Destek Vektor

Makinasi ve Yapay Sinir Aglari ile Siniflandirilmasi

Oz

Elektrik enerjisi hizmetlerinin kesintisiz bir bicimde tiiketiciye ulastirilmasi bilyiik 6nem tasimaktadir. Sistemdeki bozulmalarin tespiti
ve alinmasi gereken dnlemler bu agidan 6nemlidir. Elektrik sinyalindekini bozulmalarn tiirliniin belirlenmesi igin ¢esitli 6zellik ¢ikarim
yontemleri kullanilmaktadir. Bu ¢aligmada, elektrik gii¢ sistemlerinde meydana gelen Gii¢ Kalitesi Bozunumlarindan(GKB) gerilim
yiikselmesi, gerilim ¢okmesi, harmonikli gerilim, harmonikli gerilim diismesi, harmonikli gerilim yiikselmesi, flicker ve transient ile
referans sinyali olarak saf siniis sinyallerini igeren sekiz isaret toplam on donem siirecek sekilde TS EN 50160 standartlarina gore
MATLAB ortaminda olusturulmustur. Belirlenen GKB’na ait 6zellik ¢ikarimi i¢in kullanilan yontemlerden biri olan Stockwell-
Doniigiimil ile frekans-genlik, zaman-genlik, geometrik ortalama ve standart sapma olmak tizere 4 gesit 6zellik ¢ikarimi yapilmustir.
Bu 6zellikler tizerinden gerilim bozulmalarinin tespiti yorumlanmigtir. Toplam 640 benzetim verisi Destek Vektér Makinalari (DVM)
ve Yapay Sinir Aglari(YSA) ile smiflandiriciya sokularak simniflandirma basarimlari karsilastirilmstir.

Keywords: Gii¢ Kalitesi Bozunumlari, Stockwell doniigtimii, Destek Vektor Makinalari, Yapay Sinir Aglart.
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1. Introduction

Today, power quality problems are an important
issue for electrical energy services. In an electrical
power system, the power reaching the end consumer
must be clean. That is, it must be completely sinusoidal
and the basic parameters of the network must be
acceptable and within the limits set by the standards
(Elango et al.,2016). Equipment used in power
distribution are very sensitive to malfunctions in the
supply systems (Singh et al., 1999). Power Quality (PQ)
is vital to the smooth operation of power systems (Singh
et al.,2017). The majority of the loads in the system are
non-linear loads and cause system failure. These
distortions produce results such as system resonance,
capacitor overload and decrease in efficiency and
changes in voltage magnitude (Dharavath et al., 2017).
The main reasons for the deterioration in power quality
are malfunction, load switching, capacitor switching,
high switching frequency electronic devices, power
converters, arc furnaces and transformers. Timely
reducing of these distortions requires quick and accurate
classification. It is of great importance to process and
extract the signals for a successful classification. Some
popular methods used for feature extraction of power
quality —are  Short-Time  Fourier  Transform
(STFT)(Azam et al.,2004, Ingale, 2014, Yoo et al.,
2015) , Hilbert-Huang Transform (HHT) (Tao et al.,
2013, Saxena et al., 2014), Wavelet Transform (WT)
(Poisson et al., 2000, Gaing, 2004) and Stockwell
Transform (S-transform) (Mahela et al., 2016, Raj et al.,
2016, Zhao et al., 2016, Shamachurn, 2019, Liang et al.,
2021). FT and STFT are not sufficiently successful in
feature extraction. Although frequency analysis is
performed well with FT, time information cannot be
obtained (Zhao et al., 2016). STFT, which allows
Fourier analysis by windowing in short time intervals
for time information, is also not successful enough
(Karasu, 2016). WT has been extensively used in feature
extraction of power quality impairment. However, this
method is greatly affected by electrical noise in the
signal. S-transform is a time-frequency spectral
localization technique proposed by Stockwell, which
combines the features of WT and STFT. The S-
transformation uses a window whose width decreases
with frequency and provides a frequency-dependent
resolution (Elango et al.,2016).

For classification, Artificial Neural Networks
(ANN) (Agarwal et al., 2018), Support Vector Machine
(SVM) (Ozgonenel et al., 2013, Thirumala et al., 2018,
Choudhary, 2021), Fuzzy Logic (FL) techniques
(Chilukuri et al., 2004, Mishra et al., 2021), Deep
Learning (DP) methods (Wang et al., 2019, Sindi et al.,
2021) are extensively used.

The aim of this study is to determine and analyze the
PQDs of power systems in a strong- reliable way with
the S-transformation, and detect the most suitable
classifier. For this purpose, firstly, seven different PQDs
are created in MATLAB environment including voltage

sag, voltage swell, transient at different amplitude,
duration and angles, and voltage harmonic, voltage sag
with harmonic, voltage swell with harmonic and flicker
at different time and frequency. Sampling frequency is
taken 25.6 kHz. Pure sine signal is selected as reference.
The obtained waveform feature extraction is made by S-
transformation. A total of 640 simulation data are
obtained from the S-transformation of the signals for
Amplitude-Time, Amplitude-Frequency, Geometric
Properties, Standard Deviation Properties. Using these
features, the success of classification of PQD is
investigated with SVM and ANN.

The paper is organized in four sections. Section 1
gives a basic introduction to the topic. Section 2
describes the S-Transform and feature extraction
technique according to types of power quality
disturbances. Section 3 presents the achieved test results
and discussion. In this section, classification techniques
based on SVM and ANN are elaborated. Section 4
presents conclusion.

2. Materials and Methods

2.1. S-Transformation

First, The S-transform was defined by R. G.
Stockwell and was derived from the continuous wavelet
transform. This transformation includes both amplitude
and phase spectrum information together (Raj et al.,
2016). S-transform is a method that involves both short-
time Fourier transform and wavelet analysis but falls
into a different category (Cortes et al., 1995). The
wavelet transform cannot yield significant results in
noisy

environments, while the S-transform provides
successful results in property extraction in the presence
of noise. This makes S-transformation suitable for
accurate detection and classification of power quality
disturbances.

The S-transform uses an analysis window that
decreases in width depending on frequency and provides
a frequency-dependent resolution. The time-frequency
spectrum of the modulated signal is focused. The time-
frequency analysis technique provides a three-
dimensional graph of a signal in terms of signal energy
or magnitude of time and frequency (Zhao et al., 2016).

The general S-transform is defined by Equation (1).

s(tf) =) x®gk —t e/ tdt 1)

X (t) is the signal and g (t) is the windowing function.
The window function is a modulated Gaussian function
expressed by Equation (2).

9@ = e D 2)

The general equation is;
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After obtaining the S-transform, four different
properties are extracted. The first property is the
amplitude-time property obtained by taking the largest
values of the lines of the S-transformation. This feature
provides information about the amplitude of the signal.
The second feature is the frequency-amplitude property
obtained by taking the largest value of the columns of
the S-transformation. This feature provides information
about the frequency of the signal. The third feature is the
geometric mean of the S-transformation. This feature
helps to locate sudden amplitude changes in the signal.
The last feature is obtained by taking the standard
deviation. This provides the same information as the
time-amplitude property, but is additionally used to
detect the harmonics in the signal.

2.2. According to Disturbances Types of Signals
S-Transformation and Feature Extraction

The healthy simulation model operates at 1 pu voltage
amplitude. Sampling frequency is 25.6 kHz. PQD are
produced as 5120 samples in 10 period’s length.

2.2.1. Pure Signal

The pure sine signal and its S-transformation graphs
are given in Figure 1. Frequency-amplitude, time-
amplitude, geometric mean and standard deviation
characteristics obtained from S-transform of pure sine
signal are given in Figure 2.
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Figure 1. Pure Sine signal and S-transformation

The amplitude-time graph, which gives information
about the amplitude of the signal, shows that the
amplitude is constant and does not change over time. In
the amplitude-frequency graph, it is seen that only 50 Hz
network frequency is available. Since the periodicity of

the signal is not disturbed, no change is observed in the
graph of the geometric mean. In the standard deviation
graph, we obtain information about the amplitude of the
signal as in the amplitude-time graph, but unlike the first
feature, we can also observe periodic fluctuations from
this graph.
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Figure 2. Properties derived from S-transformation of
pure sine

2.2.2. Voltage Sag

Voltage sag is defined as the decrease in the mains
voltage nominal value between 10-90%. The graph and
S-transform of a 10-period mains voltage signal with a
50% voltage sag between the 2nd and 6th periods are
given in Figure 3.

The frequency-amplitude, time-amplitude,
geometric mean and standard deviation characteristics
obtained from the S-transform of the voltage sag signal
are given in Figure 4.
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Figure 3. 50% voltage sag signal and S-transform
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Figure 4. Characteristics obtained from S-transform of
50% voltage sag signal

As seen in the amplitude-time graph, which is the
first feature, the amplitude decreased between the 2nd
and 6th periods. This decrease is also seen in the
standard deviation graph. Since there is no change in
frequency, there is no difference in amplitude-frequency
graph compared to pure sine. In the geometric mean
graph, the location of the changes in the original signal
on the time axis is revealed. The graph has changed at
the beginning of the 2nd and 6th periods.

2.2.3. Voltage Swell

Voltage swell is defined as the increase of the mains
voltage nominal value to 110-180%. The graph and S-
transform of a 10-period mains voltage signal with a
150% voltage swell between the 2nd and 6th periods are
given in Figure-5. The characteristics of the voltage
swell signal are given in figure 6.
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Figure 5. 50% voltage swell signal and S-
transform
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Figure 6. Characteristics obtained from the S-transform
of 80% voltage swell signal

On the amplitude-time graph, the amplitude
increased between the 2nd and 6th periods. The
frequency-time graph shows that only a frequency of 50
Hz is present. On the other hand, the geometric mean
graph shows the change in the original signal at the
beginning of the 2nd and 6th periods, which are the
place of the changes in the time axis.

2.2.4. Flicker

Voltage flickers under the frequency of 50 Hz, which
are caused by fluctuations in the flicker load and cause
flickering in lighting. In the standards, flicker intensity
limit values are given between 0.8 and 1. In Figure 7, 0.8
flicker voltage signal and S-transform are given. The
properties obtained from S-transformation for this
disturbance are given in Figure-8.
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Figure 7. Voltage signal and S-transform with
flicker intensity limit value 0.8
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Figure 8. Properties of the S-transform of the voltage
signal with a flicker intensity limit value of 0.8

The amplitude time graph shows the decrease in the
voltage caused by the flicker. The amplitude frequency
graph shows a 50 Hz sine signal. In the feature graph
extracted from the geometric mean, the times when
flicker is realized become apparent in the 3rd and 8th
Periods. Since there are no different frequencies in the
signal, only the voltage variation is observed in the
standard deviation graph.

2.2.5. Transient

This is called a temporary change in the power
system that takes place from 50 ns up to 50 ms. The
distortion voltage of 4 kHz in the 3rd and 6th periods
and the S-transform are given in Figure-9. Figure-10

shows the properties extracted from the S-
transformation of this signal.
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Figure 10. Features derived from S-transformation of
transient power quality disturbance

The amplitude time graph shows the parts where the
voltage rises. The 50 Hz signal and the transient signal
present in the signal are plotted on the amplitude-
frequency graph. The geometric mean graph gives the
starting points of the transient signals. Finally, the
standard deviation graph shows the change along the
transient along with the amplitude change.

2.2.6. Voltage with Harmonics

It is the distortion of the voltage or current waveform
from the ideal sine. The signal containing the 3rd and
5th harmonics in the 10-period signal and the S-
transformation of this signal are given in Figure-11.

S-transformed properties of harmonic voltage are
given in Figure-12.
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The amplitude-time plot is constant since no voltage
decrease or increase in the periodic signal occurs. In the
amplitude-frequency graph, the 3rd and 5th harmonics
in the signal are seen as 150 kHz and 250 kHz. On the
other hand, since the amplitude changes due to the 3rd
and 5th harmonics are small, no significant change was
observed in the geometric feature graph. In the standard
deviation feature, fluctuations due to harmonic can be
observed.

2.2.7. Voltage Sag with Harmonics

The 10-period signal contains the 3rd and 5th
harmonics, as well as the voltage sag during the 2nd and
6th periods and the S-transform is given in Figure-13.
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Figure 13. voltage sag signal with the 3rd and 5th
harmonic added and S-transform

The properties of the voltage sag with harmonics
signal derived from the S-transform are given in Figure
14. From this amplitude-time graph, the range in which
the voltage drops are observed. The presence of
harmonics of 150 Hz. and 250 Hz. is obtained from the
frequency time graph. The range in which voltage starts
to drop and ends is seen from the graph of the geometric
property. In the standard deviation graph, which is the
prominent feature in the detection of harmonics,
harmonics can be observed.

Based on these properties, the range in which the
voltage rises are clearly seen on the amplitude time
graph. The frequency values in the signal are determined
as 50 Hz, 150 Hz and 250 Hz in the frequency time
graph.

As it can be seen in the graph of the geometric
feature that helps us to determine the interval where the
voltage starts to rise and ends, it started in the 3rd period
and ended in the 6th Period. In the standard deviation
graph, the observed fluctuations reveal the presence of
harmonics in the signal.
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Figure 14. Properties obtained from the S-transform of
the 3rd and 5th harmonic added voltage sag signal

2.2.7. Voltage Swell with Harmonics

The 10-period signal contains the 3rd and 5th
harmonics, as well as the voltage swell during the 2nd
and 6th periods and the S-transform is given in Figure-
15.

The characteristics of the voltage swell with
harmonics signal are given in Figure-16. Based on these
properties, the range in which the voltage rises are
clearly seen on the amplitude time graph. The frequency
values in the signal are determined as 50 Hz, 150 Hz and
250 Hz in the frequency time graph. As it can be seen in
the graph of the geometric feature that helps us to
determine the interval where the voltage starts to rise
and ends, it started in the 3rd period and ended in the 6th
Period. In the standard deviation graph, the observed
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fluctuations reveal the presence of harmonics in the
signal.
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Figure 16. Properties obtained from the S-transform of
the 3rd and 5th harmonic added voltage swell signal

As it can be seen in the graph of the geometric
feature that helps us to determine the interval where the
voltage starts to rise and ends, it started in the 3rd period
and ended in the 6th Period.

Table 2. Numbers and percentages of success as a result of training

In the standard deviation graph, the observed
fluctuations reveal the presence of harmonics in the
signal.

3. Test and Discussion

3.1. Classification of Signals with Support Vector
Machines

Eight types of signal whose properties are obtained
by using S-transform is classified with support vector
machines. Classification is made using the Quadratic
SVM and one-to-one method in the Classification
Learner Toolbox in MATLAB. Table 1 shows the labels
of the disturbances.

Table 1. Class of PQ Events

PQD Class Label
Pure Sine Distrubancel
Voltage Sag Distrubance2

Voltage Swell Distrubance3
Flicker Distrubance4
Transient Distrubance5

Distrubance6
Distrubance?
Distrubance8

Voltage with Harmonics
Voltage Sag with Harmonics
Voltage Swell with Harmonics

In Table 2, the success numbers and success
percentages of the classification test data performed
with SVM are given. Confusion matrix is given in
Figure 17.

Distrubance1

Distrubance2

Distrubance3 6% 6%

Distrubance4

True class

Distrubance5

Distrubancet

Distrubance?

Distrubanced

Predicted class

Figure 17. Confusion matrix for SVM.

Classes Total Tested Successful Unsuccessful Performance Percentage
Distrubancel 16 16 0 %100

Distrubance2 16 16 0 %100

Distrubance3 16 15 1 %94

Distrubance4 16 16 0 %100

Distrubance5 16 16 0 %100

Distrubance6 16 16 0 %100

Distrubance7 16 16 0 %100

Distrubance8 16 16 0 %100
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Total performance was 99.2%. Pure sine, voltage
sag, flicker, voltage with harmonics, voltage sag with
harmonics and voltage swell with harmonics can be
estimated as 100%. Only one of the test data is perceived
as voltage with harmonics while voltage swell.

3.2. Classification of Signals with Artificial Neural
Networks

In this study, the architecture of the proposed ANN
is selected from the MATLAB-Neural Network
Toolbox and consists of an input layer with 900 inputs,
a hidden layer with 10 neurons, and an output layer with
a neuron as shown in Figure 18. The number of neurons
and hidden layers depends on the problem and is
determined by trial and error until a target performance
is achieved (Greche et al., 2017).

Hidden Layer

Output Layer

10 8

Figure 18. Two-layer feed-forward neural network
architecture

The formulated network is trained with a total of 640
samples of 80 different samples per 8 disturbance
classes. The number of samples of the ANN classifier
for training, validation and testing is randomly selected
and is given in Table 3.

Training Confusion Matrix

Output Class
o o~

=

1. 2 3 4 6 6 7 8
Target Class

Test Confusion Matrix

Output Class
o o~

@

Target Class

Table 3. Number of samples for training, validation and
testing

Method %Samples Sample number
Training 70 448

Validation 15 96

Testing 15 96

Method %Samples Sample number

As the training algorithm, Scaled Conjugate
Gradient back propagation training algorithm is chosen.
The reason is that this algorithm takes up less memory.
The training automatically stops when generalization
stops healing, as shown by the increase in error (MSE)
in the mean square root of validation samples.

In Figure 19, 100% recognition performance in the
confusion matrix of training, validation and test
indicates that training performs well. ANN is trained
with 100% accuracy and tested with 100% accuracy.
This ratio is considered to be quite successful and
sensitive. When the effectiveness of the applied method
and the success of the results are taken into
consideration, it can be concluded that the aim of this
study has been achieved.

If the results are obtained less than 100%, during the
training process, each layer’s weight can be updated by
a function called optimizer. The optimizer shows better
performance in computational efficiency  with
advantages such as aigh precision solution and quick
convergence (Ruder, 2016).

Validation Confusion Matrix

Output Class
o -~

=)

Target Class

All Confusion Matrix

Output Class
o -~

@

Target Class

Figure 19. Confusion Matrix for ANN
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4. Conclusions

In this study, seven signal distortions have been
produced in MATLAB environment such as voltage sag,
voltage swell, voltage with harmonics, transient, flicker,
voltage sag with harmonics, voltage swell with
harmonics for 1 signal of amplitude and frequency of
50 Hz. The stockwell transform of a total of 8 signals
was taken with the pure sine signal. A total of 4 different
properties were obtained from these signals from the
Stockwell transform. These; time-dependent amplitude
changes of the signal, amplitude of frequency
components, geometric mean and standard deviation.
The graphs of these features are presented and their roles
in determining each signal type are interpreted. Changes
in the amplitudes of the signals are determined from the
time dependent amplitude property. The frequencies of
the different components in the signal are determined
from the frequency amplitudes. The properties of the
changes in the amplitude of the signal are determined by
using the geometric mean. In the standard deviation
feature, periodic distortions such as harmonics are
observed.

In the case of voltage sag and voltage swell
disturbances, inferences are made from the amplitude-
time graph about the voltage sag and swell. In addition,
the geometric mean graph makes inferences about the
time when fall and rise begin and end. In the flicker
disturbance signal, the 10 Hz component is determined
from the amplitude frequency graph. In addition, the
voltage drops at the points where the flicker occurs can
be observed from the amplitude time graph. When
flicker occurs, it is determined by the geometric mean.
In the transient distortion signal, besides the 50 Hz
signal, the 4 kHz signal can be observed on the
amplitude-frequency graph. As with other signals, the
voltage variation of the signal and the location of the
change can be observed in the amplitude-time and
geometric average graphs. Unlike other disturbances in
the voltage with harmonics signal, there is a fluctuation
in the standard deviation graph, which is used to detect
the harmonics in the signal. In addition, 50 Hz signal and
150 Hz and 250 Hz harmonic frequencies can be
observed in the amplitude frequency graph. In contrast
to the voltage with harmonic signal, the voltage
decreases or increase in the amplitude-time graph and
the points where the voltage starts to decrease and starts
to increase in the voltage sag with harmonics and
voltage swell with harmonics are determined.

High quality results can be obtained if training and
testing is performed by using the classification methods
obtained from this transformation. These properties are
classified with SVM and ANN. As a result of the
classification, decays can be estimated with 99.54%
SVM and 100% ANN. Thus, both methods are
successful for a strong feature extraction, and ANN
gives a much better result.

Compared to other feature extraction methods, S-
Transform contains both frequency and time

information. This offers a great advantage in the feature
extraction of the signals.
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Abstract

Customer feedback is one of the most critical parameters that determine the market dynamics of product development. In
this direction, analyzing product-related complaints helps sellers to identify the quality characteristics and consumer
focus. There have been many studies conducted on the design of Machine Learning (ML) systems to address the causes
of customer dissatisfaction. However, most of the research has been particularly performed on English. This paper
contributes to developing an accurate categorization of customer complaints about package food products, written in
Turkish. Accordingly, various ML algorithms using TF-IDF and word2vec feature representation strategies were
performed to determine the category of complaints. Corresponding results of Linear Regression (LR), Naive Bayes (NB),
k Nearest Neighbour (kNN), Support Vector Machine (SVM), Random Forest (RF), and Extreme Gradient Boosting
(XGBoost) classifiers were provided in related sections. Experimental results show that the best-performing method is
XGBoost with TF-IDF weighting scheme and it achieves %86 F-measure score. The other considerable point is word2vec
based ML classifiers show poor performance in terms of F-measure compared to the TF-IDF term weighting scheme. It
is also observed that each experimented TF-IDF based ML algorithm gives a more successful prediction performance on
the optimal subsets of features selected by the Chi Square (CH2) method. Performing CH2 on TF-IDF features increases
the F-measure score from 86% to 88% in XGBoost.

Keywords: customer complaints, complaint categorization, food industry, machine learning.

media enables businesses to communicate with their
customers and get feedback from them (HaCohen-
Kerner et al. 2019). Some organizations combine social
media in their complaint handling process (Jin et al.,
2013). These companies' customers are encouraged to

1. Introduction

Today's customers are more willing to complain
about the products and services they purchase

(Mahayudin et al., 2010). Organizations need to know
and handle the increasing threat of online public
complaints (Tripp and Gregoire, 2011). Academic and
sector professionals regard customer satisfaction and
complaints as critical input for companies' success in a
competitive environment (Pinto and Mansfield, 2012).
Besides, some researchers recognized successful
complaint solving as a competing benefit (Fox, 2008).
In recent years, companies have collected customer
complaints via social media platforms such as websites,
Twitter, forums, and blogs, by benefiting from
developing technology (Tax et al., 1998). Because social

* Corresponding Author.
E-mail: fatma.bozyigit@bakircay.edu.tr

participate in a survey by a direct message or email from
one of the social media platforms after a service
experience. One of the most popular social media
platforms, Facebook, was mainly preferred by
Generation Y (people born between 1981 and 1996) to
express their complaints (Rossmann et al., 2017). Even
though these surveys enable companies to receive
feedback on purchased products and services with star
ratings or points (Sohail et al., 2016; Bhole and Hanna,
2017). Customer complaint management has become an
essential factor in optimizing the relationship between
clients and companies in recent years. However, manual
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analysis of complaints is ineffective and time-
consuming, due to the notable rise in complaints in
digital platforms. In this direction, more researchers
have recently focused on the categorization of customer
feedback using Machine Learning (ML) algorithms to
handle complaints efficiently. Since many customer
complaints are in textual form, techniques collected
under Text Mining (TM) become necessary to handle
the texts' implicit structure before execution of ML
algorithms. TM includes two basic steps, such as pre-
processing and creating feature sets for data
representation. There are two sorts of research
commonly applied for text representation, indexing and
term weighting (Harish et al., 2010).

In this study, the customer complaints about package
food products were categorized using Logistic
Regression (LR) (Wright, 1995), Naive Bayes (NB)
(Berrar, 2018), Support Vector Machine (SVM) (Noble,
2006), k Nearest Neighbour (KNN) (Peterson, 2009),
Random Forest (RF) (Bioau&Scarnet, 2016), and
Extreme Gradient Boosting (XGBoost) (Chen et al.,
2015) ML algorithms. To the best of our knowledge, this
study is the first attempt to analyze customer complaints
for the food industry in Turkish text. It contributes to the
literature by experimenting different ML classifiers with
different feature vectorization strategies that categorizes
the customer complaints written in Turkish. It applies
TF-IDF and word2vec text representation methods and
then uses the feature reduction technique since the high
dimensional training space is produced after pre-
processing textual input for ML algorithms. Then, it
compares ML classifiers whose parameters are tuned
with the use of grid-search algorithm (Kiling et al.,
2016). The remaining parts of the study are organized as
follows. Section 2 discusses related works. Section 3
gives dataset, data pre-processing steps, feature
engineering and ML methods used in the study. Section
4 presents the details of the experimental study with
metrics and results. Finally, Section 5 concludes the
study and Section 6 gives information about the threats
of validity.

2. Related Works

Intensifying competition and developing technology
force businesses to manage customers' complaints.
Management of complaints is an effective tool in
identifying shortcomings in service quality and creating
customer loyalty. More researchers have recently
addressed the analysis of customer comments for
efficient complaint handling in this respect. For
example, Hong and Wang (2021) proposed a framework
to summarize customer opinions, including both
positive and negative comments, from product reviews
using neural networks. The effectiveness of the
framework was tested with six datasets from real-world
business scenarios. In other study, Chen et al. (2021)
identified the affecting factors of customers satisfaction

from unstructured online comments by lessening
personal communication to collect these reviews. Lee
and Choi (2020) studied public environmental
complaints to investigate the factors that contribute to
reducing ecosystem benefits. They performed statistical
and spatial analyses on the complaints received by the
Namyangju government. Finally, the citizens' comments
were categorized as water, air pollution, electricity
problems, etc. In another study, Onan et al. (2020)
presented the categorization of service support requests
using basic ML algorithms (NB, kNN, RF, C4.5, and
SVM) on the dataset, including 17831 bug reports and
service support requests. Before experimenting with
classifiers, they built a TF-IDF scheme for feature
representation. The experimental results showed that the
classifiers achieved encouraging results in directing
support requests to related services. Krishna et al. (2019)
performed sentiment analysis of bank customers using
the respective banks' online complaints platforms. They
experimented with SVM, NB, LR, Decision Tree (DT),
kNN, RF, XGBoost, and Multi-layer Perceptron (MLP)
classifiers on data generated of TF-IDF, word2Vec and
Linguistic Inquiry and Word Count (LIWC) vectors.
Eventually, complaints were labelled as moderate or
extreme. Experimental results indicated that the LIWC
based RF and NB techniques achieved the best accuracy.
The study of Stoica and Ozyirmidokuz (2015) aimed to
get meaningful data from unstructured customer
feedbacks about a telecommunication firm in Turkey.
After text processing techniques, k-Medoid was used to
cluster documents according to the relevant categories.
It was stated that the proposed method is advantageous
since similar responses in a cluster could be answered
by similar response mails.

Considering the literature, there are very few studies
empirically examine the impact of customer complaints
in food industry. Lemos et al. (2018) conducted a study
to analyze the comments of moldy foods within the
expiration date. In another study, Khan et al. (2013)
analyzed customer complaints about fast-food products
within the service, environmental conditions, price, and
taste factors. Comments of four well-known fast-food
brands were analyzed using multiple regression and
correlation tests to determine which factors have a more
critical impact on consumer satisfaction.

3. Materials and Methods

3.1. Dataset

The dataset which was obtained from a packaged
food supplier in Turkey, includes 2217 customer
complaints obtained through call center, e-mail, web
pages, and social media (Facebook, Sikayetvar, etc.).
The records were annotated as “unhygienic”, “foreign
body”, “texture”, “package/label”, and “taste/smell”
(Table 1). The language of the complaints in the dataset
is Turkish.
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Table 1. Sample complaints in the dataset (TR: Turkish, EN: English)

Complaint ID Description Category

1 TR: Nutella kavanozunun agz kirik ¢ikmus, icinde cam kiriklar1 varmus. Uriinii markete iade | Package/Label
edecek.
EN: Nutella jar's mouth was broken. There were glass breaks in it. He will return the product
to the market.

2 TR: Daha once de sikayette bulunmus. xxxxx’nin tadi ¢ok kotii biitiin gramajlar1 denedim | Taste/Smell
hepsi ayn: ¢ocuklugumun nutellas: degil dedi. Degistirilmesini istiyor.
EN: He had complained before. He said that he tried all xxxxx sizes, and they did not taste all
that great. He wants it replaced.

3 TR: Uriin icerisinden kirmizi renkte plastik benzeri bir madde ¢ikmis. Cocugum onu yutacakt1 | Foreign body
neredeyse dedi.
EN: There was a red-colored object like plastic. He said that his child was almost going to
swallow it.

4 TR: Merhaba, miisteri nutella kavonuzunda ilk aldiklarinda kavanoz kapaginin altinda buhar | Texture
bulundugunu ve beyazimsi bir goriintii oldugunu sdyledi.
EN: Hello, the customer said that there was a steam under the jar lid, and it had a whitish
appearance.

5 TR: xxxxx’nin dibinden son ¢atal aldim ekmege siirmek iizereyken iginde sinek oldugunu fark | Unhygenic
ettim.
EN: | got the last bit of xxxxx from the jar, and when | was about to rub it on the bread, |
realized that there was a fly in it.

3.2. Data pre-processing

Text pre-processing makes raw textual data more
useful for subsequent analysis. It forms the raw data by
removing non-alphanumeric characters, numbers,
punctuation marks, and stop words. In pre-processing,
stemming is another important step that provides
mapping of connected words into a base form.

In this study, first tokenization was performed to
split phrases into tokens (meaningful elements) such as
words, numbers, punctuation marks. Then, the customer
complaints were evaluated in terms of spelling errors
since there were many spelling mistakes in the
unprocessed dataset. Therefore, Zemberek
normalization module developed by Akin (2007) was
employed on the raw data for pre-processing noisy text
inputs. The stopwords which refers to commonly used
words in a language (e.g., “and”, “so”, “the” in English)
were filtered. Finally, the stemming was performed to
reduce unnecessary diversity in the feature vectors.
Figure 1 illustrates the pre-processing steps applied in
this study.

o Tokenization abc W
Y %

] —
Lowercasing
Raw —*| ¥ -+ Normalization (%  Stemming
documents Stop-word removal
(customer
complaints) Removing punctuations

and unicode text

Figure 1. Set of applied pre-processing steps

3.3. Data feature

engineering

representation  and

Unstructured textual data is challenging to process
and needs to be described by term sets to represent their
contents. The vector space model (Salton and Yang,
1973) is one of the most used text representation models
to a host of information retrieval operations. This model
also appeals to the underlying metaphor of practicing
spatial proximity for semantic proximity (Zhang et al.
2011). There are two sorts of research commonly
applied for text representation: indexing and term
weighting. Indexing assigns indexing terms for
documents, whereas term weighting assigns each term’s
weight to show its importance. This study uses
word2vec method for indexing and the TF-IDF method
to calculate each word’s weights in the customer
complaints.

Word2vec is a method of embedding words in a
high-dimensional space. After an external neural
network is trained for the word embedding, terms in the
document are classified according to their similarities in
the word2Vec space. There are two models for
representing words in a multidimensional vector space
namely skip-gram and Continuous Bag of Words
(CBOW) (Onishi&Shina, 2020). In the skip-gram
model, the surrounded representations of a context are
predicted using the centre word. CBOW model predicts
a target word by combining the distributed
representations in its context. Due to their simple
architecture, skip-gram and CBOW can be trained on a
large dataset in a short time. The ability to train on very
large datasets allows the model to learn complex word
relationships such as vec(Turkish) + vec(food) =
vec(kebab).
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TF-IDF is obtained by multiplying the term
frequency (TF) and inverse document frequency (IDF)
for a term in the text. While TF gives the occurrence
frequency of a word in the document, the value IDF
indicates this term's occurrence frequency in other
documents. The main idea in TF-IDF is to classify terms
as much as possible into the same category considering
their high appearance in one document and high absence
in other documents. When a term appears with a high TF
frequency in a text document and rarely appears with
low IDF frequency in other documents, it is accepted
that the term has a good classification accuracy.

Since high dimensionality of textual data imposes
high costs on model training and execution, feature set
reduction on document representations may be
necessary to optimize performance of ML algorithms. In
addition to eliminate unnecessary terms, Feature
Selection (FS) strategies also provide better model
understand-ability, increase generalization capability of
the model, and decrease in over-fitting risk
(Tunali&Bilgin, 2012). There are mainly three
categories of FS strategies: filter, wrapper, and
embedded methods. The most widely used methods in
these groups are Information Gain (IG), Chi-Square
(CH2), and Correlation Feature filtering (CF) (Ozgift et
al.,, 2019). These methods use a metric such as
correlation, entropy, and mutual information to obtain
the most valuable subset. In particular, CH2 filtering
approach covers the relationship between two events
(Howell, 2011). The filter tests the occurrence of
specific word and occurrence of a complaint class to be
independent or not. The rank of selected feature t for
category i, X2, is calculated using Equation 1.

N x (AD — BC) 1)

x2(t,c) = (A + C)(B + C)(A + B)(C + D)

where A is observed frequency of t when it is
included by category ¢, N is the total number of
documents, B is the observed frequency of t when it is
not included by category c, C is the observed frequency
of ¢ when it occurs without t, D is the number of
documents that do not involve t and c.

3.4. Baseline machine learning (ML)
algorithms

After the pre-processing and feature selection steps
were utilized, some baseline ML algorithms, which are
commonly used to classify the textual data, were
performed.

Logistic Regression (LR): LR is used to analyze a
data set within one or more independent features
determining output class. It assigns a new sample to one
of the determined discrete classes by utilizing a logistic
function. Logistic regression is a statistical method used
to analyze a data set within one or more independent
features determining a result.

Naive Bayes (NB): NB depends on the common
principle of Bayes Theorem, i.e., a distinct feature in a
class is independent of any other feature’s presence. It
describes the probability of an event, based on prior
knowledge of conditions using Equation 2.

P(B|A)P(A)

P(A|B) = B(B) (2)

where P(A) and P(B) are prior probabilities and

P(BJA) and P(A|B) are posterior probabilities of event A
and B, respectively (Bozyigit et al., 2019).

k-Nearest Neighbor (KNN): kNN is an instance-
based ML algorithm that assigns a new sample’s class
according to the majority classes of its most similar k
neighbours. There are mainly four distance metrics such
as Euclidean, Manhattan, Minkowski, and Hamming to
determine the k nearest neighbours of an instance to be
classified.

Support Vector Machine (SVM): SVM aims to
find a hyperplane that can separate the two classes of
given samples by a maximal margin. The margin
corresponds to the shortest distance between the nearest
data points and any point on the hyperplane. The ability
to generalize of SVM ensures a high classification
accuracy.

Random Forest (RF): RF algorithm builds a
multitude of individual decision trees using different
training subsets (Bozyigit et al., 2020). Each tree in the
forest gives an output and the final class is determined
by the majority vote of them.

Extreme Gradient Boosting (XGBoost): XGBoost
is a gradient boosting framework, including an efficient
linear model solver and tree learning algorithm. It
maintains customized functions so that users are also
allowed to define their objectives and evaluation easily.
Its most important features are its ability to obtain highly
successful predictive results, prevent over-learning, and
manage null and noisy records (Kiling et al., 2015).

4. Experimental Study

In this study, customer complaints about food
products delivered to markets in Turkey were
categorised under five categories such as Hygiene,
Foreign body, Taste/Smell, Texture, and Package/Label.
Figure 2 shows the general flow of complaint
categorization task by using ML algorithms. First data
preparation was utilized to transform the raw data in a
useful and efficient format. After pre-processing, two
feature representation models (TF-IDF and word2vec)
were applied to observe their effects on categorization
accuracy. Then, CH2 feature selection strategy was
performed on experimented TF-IDF based ML methods
to obtain best subset of features. The evaluation results
of each ML method were obtained by dividing the data
set into 10 pieces by cross-validation.
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Figure 2. General flow of complaint categorization task by using ML algorithms

4.1. Experimental results

In the experimental studies, the real-world data
including customer complaints were used to perform
categorization task. Table 2 compares the F-measure
scores obtained by performing ML algorithms with TF-

IDF and word2vec (CBOW and skip-gram)
representations. Considering the experimental results,
the highest F-measure values were achieved by
XGBoost classifier in all feature representations. On the
other hand, NB classifier with both two representations
had the lowest F-measure values among all classifiers.

Table 2. Evaluation of different ML algorithms and feature representations

ML algorithm | Feature representations | Precision | Recall F-measure
LR TF-IDF 0.80 0.83 0.81
word2vec | skip-gram 0.66 0.64 0.67
CBOwW 0.54 0.48 0.46
NB TF-IDF 0.75 0.71 0.73
word2vec | skip-gram 0.53 0.54 0.53
cBOw 0.62 0.63 0.62
kNN TF-IDF 0.80 0.82 0.81
word2vec | skip-gram 0.56 0.58 0.57
CcBOwW 0.57 0.62 0.59
SVM TF-IDF 0.81 0.81 0.81
word2vec | skip-gram 0.69 0.74 0.71
CBOwW 0.59 0.66 0.62
RF TF-IDF 0.82 0.81 0.81
word2vec | skip-gram 0.53 0.54 0.53
cBOwW 0.62 0.63 0.62
XGBoost TF-IDF 0.83 0.84 0.84
word2vec | skip-gram 0.62 0.67 0.64
CBOwW 0.76 0.75 0.75

Another point to be noticed is that the ML algorithms
with TF-IDF encoding method performed better than
ones with the word2vec method (see Figure 3). The poor
performance of word2vec representation can probably
be based on the limited training data. To increase the
accuracy of the word2vec, Pyhton NLP Aug library
presenting augmenting for textual data was
experimented. However, there was no significant effect
on the word2vec performance since NLP Aug library
did not perform well on Turkish texts. XGBoost with
TF-IDF was evaluated as the most accurate classifier
with 84% F-measure value. The closest performance
result to XGBoost was achieved by SVM with TF-IDF
and RF with TF-IDF with the 81% F-measure value. On

the other hand, NB was the worst performing algorithm
with 73% F-measure score among classifiers using TF-
IDF representation model. There exists adequate
evidence to show that the feature selection technique,
CH2, improves the categorization accuracy by
eliminating extraneous and unnecessary terms from the
dataset. Figure 3 shows that the F-measure value
increases in all classifiers after CH2 is applied on TF-
IDF feature sets. It is obviously seen that TF-IDF feature
with dimensionality reduction provides an improvement
in prediction accuracy for all experimented classifiers.
Performing CH2 on TF-IDF features achieved a
statistically significant F-measure scores and increased
it from 84% to 88% in XGBoost.
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Figure 3. Performance results of the experimented methods after CH2

5. Conclusion

Customer satisfaction is specified as a primary factor
for business success according to basic marketing
theory. The benefits of the automatic complaint
categorization are reducing the initial cost of labeling the
complaints with the most appropriate tag, helping
maintenance and keeping the efficient process for
directing customer complaints to relevant departments,
and removing the risk of depending on experts in the
management of customer feedback. In this direction,
feedback of consumers about the products are analyzed
to determine possible problems and effective strategies
to handle them. Analysis of customer comments can be
challenging task for a human because it may be
necessary to analyse high volume data during long time
periods. An alternative is to automatically categorize the
causes of customer dissatisfaction. In this study, six ML
classifiers (LR, NB, kNN, SVM, RF, and XGBoost)
with TF-1DF and word2vec feature representations were
experimented to categorize customer complaint for food
industry in Turkey. Accordingly, the complaints were
categorized into “unhygenic”, “foreign body”,
“texture”, “package/label”, and “taste/smell” categories.
Experimental results showed that the best-performing
method is XGBoost with TF-IDF weighting scheme and
it achieved %86 F-measure score. The other
considerable point is that word2vec based ML classifiers
showed poor performance in terms of F-measure
comparing to TF-IDF term weighting scheme. Since the
performance of word2vec is directly related to training
sample size, the data augmentation technique to
generate new data was utilized to handle this problem.
However, available Python libraries to produce
synthetic data did not provide expected increase of F-
measure. It was also observed that each experimented
TF-IDF based ML algorithms showed more successful
prediction performance on the optimal subsets of
features selected by CH2 method. Performing CH2 on
TF-IDF features increased F-measure score from 86% to

88% in XGBoost. Considering the results, it can be
concluded that this study appears promising for future
studies on complaint handling systems.

6. Threats to Validity

This section addresses the threats to validity that
might have affected the complaint classification using
the classification of Wohlin et al. (2000). The main
threat to validity is the limited customer complaints
analyzed in the experimental study. We examined only
2217 records obtained through call centres, e-mail, web
pages, and social media platforms. For the future works,
we will create large sized and comprehensive dataset to
obtain better classification performances.
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