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Rekabet¢i Evrimsel Algoritmalar ile Yuvarlak Papyon Anten Tasarimi

Rounded Bowtie Antenna Design with Competitive Evolutionary Algorithms

Ahmet Uluslut*
! istanbul Universitesi-Cerrahpasa, Elektronik ve Otomasyon Béliimii, istanbul, Orcid No: 0000-0002-5580-1687

MAKALE BiLGILERI OZET

Makale ge¢misi: Bu ¢alismada kablosuz yerel alan aglart (WLAN) uygulamalar i¢in 5 GHz bandindaki yuvarlak papyon antenin
tasarim parametrelerinin segimi rekabetci evrimsel algoritmalar ile ¢ok boyutlu ve ¢ok amagli bir tasarim
Gelis: 10 Nisan 2021 optimizasyon problemi olarak sunulmustur. Bu zorlu tasarim optimizasyonun iistesinden gelebilmek i¢in yeni, hizli
Diizeltme: 28 Temmuz 2021 ve giiclii optimizasyon algoritmalari, atesbocegi, diferansiyel evrim ve guguk kusu arama kullamlarak anten
Kabul: 27 Agustos 2021 optimizasyon islemi rekabetci bir bicimde karsilastirilmistir. Onerilen anten tasarimi atesbdcegi algoritmasi ile
- tasarlanan 5 GHz rezonans frekans noktasinda geri doniis kaybi (S11) degeri -56,31 dB olarak bulunmustur. Sonug
Anahtar kelimeler: olarak, dnerilen tasarim optimizasyon siiregleri, tiim anten tasarim problemleri i¢in verimli, hizli ve giivenilir bir

¢oziimddr.

Optimizasyon, WLAN, 5 GHz,
atesbocegi, diferansiyel evrim,
guguk kusu arama

ARTICLE INFO ABSTRACT
Article history: In this study, the selection of the design parameters of the round bowtie antenna in the 5 GHz band for wireless
local area networks (WLAN) applications is presented as a multi-dimensional and multi-purpose design
Received: 10 April 2021 optimization problem with competitive evolutionary algorithms. To overcome this challenging design
Revised: 28 July 2021 optimization, the antenna optimization process was competitively compared using new fast and powerful
Accepted: 27 August 2021 optimization algorithms, firefly, differential evolution, and cuckoo search. The return loss (S11) value at the 5

GHz resonance frequency point designed with the proposed antenna design firefly algorithm was found to be -
56.31 dB. As a result, the proposed design optimization processes are an efficient, fast and reliable solution for all
antenna design problems.

Keywords:

Optimization, WLAN, 5 GHz,
firefly, differential evolution,
cuckoo search
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Giris

Kablosuz yerel alan aglar1 (WLAN) ve dipol
antenler  endiistriyel,  tibbi  ve  ticari
uygulamalarda siklikla kullanilmaktadir. Bu
WLAN sistemleri igin ayrilan spektrumlar 2,4, 5
ve 5,8 GHz olarak belirtilmistir [1]. Kablosuz
sistemler i¢in bildirilen birgok tek bant veya ¢ift
bantl1 anten tasarimlart mevcuttur [1]- [5]. Cok
bantli anten tasarimlari ile birlikte [6]-[8],
yakinlardaki iletisim sistemlerine miidahale
etmekten kaginmak i¢in, yalnizca istenen frekans
bantlarinda calisabilen bir anten tasarimi da
gerekli olabilmektedir. Cogu durumda, anten
boyutu Dbiiyliktiir ve antenin geometrisi
karmagiktir. Bazi durumlarda da anten kompakt
olmasina ragmen oldukgca yiiksek diizeyde ¢apraz
polarizasyon gosterir [8]. Ayrica daha yliksek
geri doniis kaybina sahip cihazlara olan talebin
artis1 kablosuz iletisim sistemlerinin gelisiminde
onemli bir rol oynadi. Su anda her alanda
bulunan akilli binalar, bilgi islem ve sensor aglar
[9]-[10] da dahil olmak fiizere birgok yeni
uygulamalar i¢in farkl: iletisim frekanslari, veri
hizlar1 ve kapasiteler sunan bir¢ok kablosuz LAN
sistemleri mevcuttur. Bu tiir sistemler dar-genis
banthi ve bir¢ok frekans lizerinde calisabilen ve
aynt zamanda tasinabilir cihazlarda imal
edilebilecek kadar kiigiik olan minyatiir genis
bant antenleri gerektirir. Dipol antenler diisiik
profilli, hafif ve ucuzdur. Entegre devrelerle
entegrasyonu kolaydir; bu da onlar1 tasimabilir
cihazlarda kullanima uygun hale getirir. Bununla
birlikte, geleneksel dipol antenler, nispeten dar
bant genislikleri ile karakterize edilir.
Arastirmacilar, dipol antenlerin geri doniis
kaybin1 ve kazancini iyilestirmek i¢in bir¢ok
iyilestirme yontemi gelistirmistir [11]-[14]. Bu
iyilestirmeler i¢in baslangic noktast dogru
geometrik boyut secimidir. Iste bu noktada
devreye giren optimizasyonun kullanilmasi,
geleneksel teknikler kullanilarak tasarimlarin
arastiritlmasina izin verir. Geometri igeren
uygulamalarda genetik algoritmalar (GA) [12]
diger optimizasyon tekniklerine kiyasla daha
gelismis Ozelliklere sahip oldugu goriilmektedir
[13]-[14]. Dipol anten tasariminda, Onceden
belirlenmis sekildeki antenin genetik algoritma
kullanarak ~ optimum  boyutlarinin  tespiti
tekniklerine odaklanmaktadir. Buradaki
yaklagim, antenin boyutunu, karmagikligin1 veya

maliyetini artirmadan dipol antenleri tasarlamak
icin  Ozellikle uygun ve giicli  bir
sinirlandirilmamis GA uygulamasini uygular.
Bir sonraki bolimde, kullanilacak olan anten
tasarimi sunulmaktadir. Akabinde, bu ¢alismada
kullanilacak olan algoritmalar akis diyagramlari
ile  anlatilacaktir. ~ Ama¢ ve  maliyet
fonksiyonlariin belirlenmesinden sonra yapilan
calisma kismi anlatilacaktir. Sonug¢larimiz, tiim
antenlerde kullanilabilecek bazi  Onerilerle
birlikte son boliimde 6zetlenmistir.

Anten Tasarmm
Yuvarlak Papyon Anten

Bir yuvarlak papyon anteni, iki konik ¢ift kutuplu
antenlerin diizlemsel bir seklidir. Yuvarlak
papyon antenler, hafif agirlikli, diisiik maliyetli,
diisiik profilli ve simetrik radyasyon modeli gibi
birgok avantaja sahiptir; bu da onlar iletisim
sistemleri, kablosuz yerel aglart (WLAN) vb.
uygulamalar i¢in yaygin olarak kullanilan anten
modellerinden biri yapar [16]-[21]. Bununla
birlikte, tasarimin performans Olciileri biiylik
Olciide geometrik tasarim degerlerine baglhidir. Bu
nedenle, yuvarlak papyon antenlerin tasarimi, ¢ok
amagli, ¢ok boyutlu bir tasarim optimizasyon
problemi olarak diisiiniilebilir. Anten tasariminin
¢ farkli rekabetci algoritma ile optimizasyonu
icin bu caligmada, iiggen bir dipol yuvarlak
papyon anteni dikkate alinmistir. Anten
tasariminin sematigi ve tasarim parametreleri
Sekil 1 ve Tablo 1'de verilmistir.

! = Uzunluk .V
/= Parlama agis1 / :
{ = Besleme konumu x

Sekil 1. Yuvarlak papyon anten
Figure 1. Rounded bowtie antenna
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Tablo 1. Anten tasarimi i¢in parametre araliklar

Table 1. Ranges of parameters for antenna design

Uzunluk (metre) Genisleme agis1 (derece)

0.001 - 0.040 5-90

Yuvarlak papyon anteninin tasarim
optimizasyonu Tablo 1'de verilen optimizasyon
degiskenleri kullanilarak rekabet¢i evrimsel
algoritmalar kullanilarak yapilmistir.

Evrimsel Algoritmalar

Bu calismada, bir dipol antenin optimizasyon
stirecinde atesbocegi (FF), diferansiyel evrim
(DE), guguk kusu (CS) olmak {lizere {i¢ rekabetci
evrimsel algoritma kullanilmis ve bunlarin
performans degerlendirmeleri dogruluk ve
hesaplama verimliligi acisindan
karsilagtirilmistir. Ancak, bu algoritmalarin ortak
ozellikleri basit, birka¢ kontrol parametresi ile
verimli olmalar1 ve ayrica bu algoritmalarin GA,
PSO gibi standart evrimsel algoritmalar
iizerindeki  Ustiinliigliniin ~ hesaplama  ve
mithendislik uygulamalarinda gosterilmesidir
[22]-[30]. Asagidaki alt bolimlerde atesbocegi
(FF), diferansiyel evrim (DE), guguk kusu arama
(CS)  optimizasyon  algoritmalari  kisaca
verilmektedir.

Atesbocegi

Atesbocegi (FF) algoritmasi, Yang [22]-[23]
tarafindan gelistirilen, dogadaki ates boceklerinin
parlama davranigindan esinlenen evrimsel bir
optimizasyon algoritmasidir. Atesbdcegi
algoritmasinda iki Onemli ozellik vardir:
Parlaklik (151k yogunlugu) 1 ve cekicilik .
Atesbocegi algoritmasinda ii¢ standart kural
vardir: (1) Bir ates boceginin parlakligi, belirli bir
problemin fx) amag¢ fonksiyonunun degeriyle
belirlenir. Bir kii¢liltme problemi i¢in parlaklik,
amag fonksiyonu I(xool / f(x) degeriyle ters orantili
olabilir. (i1) Bir ates boceginin ¢ekicilik derecesi
parlakligi ile orantilidir. Sabit 151k sogurma
katsayisina sahip belirli bir ortamin iissel
sogurmasi nedeniyle mesafe arttiginda parlaklik
azalacaktir:

1=1,67" (1)

Burada  parlakhik  (151k  yogunlugu) 1,
atesboceginin maksimum parlakligr Io ve 151k
sogurma katsayisi y ile gosterilmistir.

Herhangi iki atesbocegi arasindaki mesafe:
D

f :“Xi_xj“: Z(Xik_xjk)z (2)
k=1

Burada D, optimizasyon degisken vektoriiniin
boyutudur; lo, ates boceginin  maksimum
parlakligidir. Bir ates boceginin hareket ettigi
mesafe cekicilige gore belirlenir. Ates boceginin
cekiciligi B su sekilde tanimlanir:

B=pe’" 3)

B, r=0'daki ¢ekiciliktir. (iii) Tiim atesbocekleri
iiniseks ve cinsiyetlerine bakilmaksizin daha
cekici ve daha parlak olanlara dogru hareket
edecekler. Belirli bir atesboceginden daha parlak
veya daha cekici bir atesbocegi yoksa, rastgele
hareket edecektir. Bdylece bir atesboceginin
hareketi 1 daha ¢ekici (daha parlak) baska bir
atesbdcegine ¢ekilir, j tarafindan belirlenir.

X =X+ (X —Ki)+a (4
By =1 ve & [1/2, 1/2] seklinde esit olarak
dagitilmis rastgele sayilarin bir vektorii ve «,

rasgele dagitma faktorii oldugunda, genellikle
[31]'de oldugu gibi her ardisik yinelemede
azaltilir, ancak bu ¢aligmada rastgele ¢, € [0, 1].

Algoritma 1: Atesbécegi Algoritmasinin S6zde
Kodu

Parametreler, PopBoyut, Max_Iteration, y, I, B,
€Req asagidaki gibidir.

(1) PopBoyut: Atesbocegi popiilasyonunun
boyutu.

(2) Mak_Iterasyon: Maksimum yineleme
sayisl.

(3) y: Isik sogurma katsayist.

(4) lo: Atesboceginin maksimum parlakligi.
(5) B: Bir ates boceginin ¢ekiciligi.

(6) €req: Istenen arama hassasiyeti.

Gereksinim: PopBoyut, Mak_Iterasyon, v, B, €
ve maliyet fonksiyonu.
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D boyutlu arama alani i¢inde atesboceklerinin
konumlarini rastgele olarak baslatin.

WHILE Iter <Mak_Iter VE ereq <e
FOR J=1 i¢in: PopBoyut
Kullandigim her ates boceginin parlakligini
hesaplayin (1-2).
END

Hedef fonksiyon degerine gore maksimum
parlaklik Ip olan ates bocegini segin.

FOR =1 icin: PopBoyut

(1-2)  kullanarak
parlakligini
hareket  yoniini
belirleyin.

atesbocegi  bagil
hesaplayin, ates bodceginin
goreceli  parlaklikla

Cekiciligi hesaplaymn  (3)'e gore, ates
boceklerinin uzay konumlarini (4)'e gore
giincelleyin.

END
END

Diferansiyel Evrim

Diferansiyel evrim (DE) algoritmasi, gergek
degerli sayisal optimizasyon problemlerinin
¢Oziimii icin gelistirilmis popiilasyon tabanh
evrimsel bir optimizasyon algoritmasidir [27-30].
Geleneksel benzerlerinden farkli olarak, amag
fonksiyon manzarasini kesfetmek icin parametre
vektorlerinin  farkin1  kullanan ¢ok etkili bir
kiiresel optimizasyon algoritmasidir. Diferansiyel
evrim  algoritmasi,  genetik  algoritmanin
mutasyon, caprazlama ve se¢im stratejilerini,
gecis sabiti Cr€(0,1), mutasyon Olgek faktorii
Fe(0, 2) ve popiilasyon boyutu olan ¢ok az sayida
kontrol  parametresi  ile  kullanir.  Bu
parametrelerin algoritmanin performansi
iizerindeki etkileri iyi incelenmistir. Daha 1yi
coziimler olusturmadaki temel farklilik, genetik
algoritmalarin ~ capraz  gecise  dayanmasi,
diferansiyel evrimin ise mutasyon islemine
dayanmasidir. Bu ana islem, popiilasyondaki
rastgele  Orneklenmis  ¢Oziim  ciftlerinin
farkliliklarina ~ dayanmaktadir. Algoritma,
aramay1 arama alanindaki muhtemel bolgelere
yonlendirmek i¢in bir arama mekanizmasi ve
se¢im islemi olarak mutasyon islemini kullanir.

D parametrelerinden olusan bir optimizasyon
gorevi, D boyutlu bir vektor ile temsil edilebilir.
Diferansiyel evrimde, baslangicta rastgele bir
popiilasyon biiyiikligii (NP) ¢oziim vektorleri
popiilasyonu  olusturulur. Bu  popiilasyon,
mutasyon, ge¢is ve secim  operatorleri
uygulanarak bagarili bir sekilde gelistirilir.

Algoritma 2: Diferansiyel Evrim Algoritmasinin
Sézde Kodu

Parametreler, PopBoyut, Mak_Iterasyon, F, Cr,
€Rreq agagidaki gibidir.

(1) PopBoyut: Popiilasyon boyutu.

(2) Mak_Iterasyon: Maksimum yineleme
sayisl.

(3) F: Olgek Faktorii,
(4) Cr: Capraz gegis,
(5) €req: Istenen arama hassasiyeti.

Gereksinim: PopBoyut, Mak_iterasyon, F, C, €
ve maliyet fonksiyonu.

G = 0 olusturma numarasini ayarlayin ve
PopBoyut bireylerinin popiilasyonunu rastgele
baslatin.

WHILE
IF I=1i¢in: PopBoyut

Iter <Mak_Iter VE greq <¢

DE'nin
olarak

Mutasyon:
\/ —V Y Y. *
Vie _xrli]G+F. (szi,e erl,e)

diferansiyel mutasyon semasi araciligiyla
i'inci hedefe karsilik gelen bir dondr vektorii
olusturun.

(Caprazlama: Asagidaki sekilde iki terimli
gecis  yoluyla inci hedef  vektor
l_ji,G :[ul,i,G 1UpigiUsigre uD,i,G] igin bir
deneme vektori X o olusturun

FOR J=1:D
IF (randi,j[O,l] <C,0r j=jrag)

UJ i,G :Vj i,G
ELSE
Ujic =Xjic
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END

Secim: Deneme vektoriinii degerlendirin

IF f(u,.)< f(x,)

Xi,G+l = l:l’i,G

END

*: {1, 2,...., PopBoyut } icinde rastgele secilir
ve

**:{1, 2, 3,... .., D} 'de rastgele secilir

Guguk Kusu Arama

Son zamanlarda, guguk kusu arama (CS) Yang
ve Deb [24] tarafindan dogadan ilham alan yeni
bir popiilasyon tabanli algoritma olarak sunuldu
ve kiiresel yakinsama ozelliklerini garanti ettigi
kanitland1 [24-27]. Standart meta-sezgisel GA,
ozellikle ¢cok amacgl optimizasyon problemleri
icin maliyetli oldugu, uygunluk fonksiyonunun
tekrar tekrar degerlendirilmesini gerektirmeyen
ve makul bir siire i¢inde bir dizi optimum ¢6ziim
saglayabildigi durumlarda, uygunluk islevinin
tekrarlanan degerlendirmelerine ihtiyag duyar.
Guguk kusu arama, guguk kuslarinin iireme
davranigindan ilham alan basit ve hizli yakinsak
bir algoritmadir. Asagidaki ideallestirilmis ti¢
kurala dayanmaktadir: 1) Her guguk kusu bir
seferde bir yumurta (aday c¢oziim) birakir ve
yumurtasini rastgele segilen bir yuvaya atar; 2)
Yiiksek kaliteli yumurtalara sahip en iyi yuvalar
(daha 1yi c¢oOziimler) bir sonraki nesle
aktarilacaktir; 3) Mevcut konak¢1 yuvalarin sayisi
sabitlenir ve bir guguk kusunun yumurtladig
yumurta, pa€[0, 1] olasilig1 ile ev sahibi kus
tarafindan kesfedilir. Bu durumda, ev sahibi kus
yumurtay1 atabilir veya yuvayi terk edip tamamen
yeni bir yuva kurabilir. Kisaca Ozetlenirse, bir
yuvadaki her yumurta bir aday ¢oziimii temsil
eder; amac, yuvalarda pek de iyi olmayan bir
¢oziimii degistirmek igin yeni ve potansiyel
olarak daha iyi ¢oziimleri (guguklu yumurtalar)
kesfetmektir.  Bu  ¢alismada  performans
degerlendirme ve karsilastirma amaciyla NPe

(10, 100) alinmistir. Bu ii¢ kurala dayanarak,
Guguk Kusu Aramasimin (CS) temel adimlari,
Bilesik Sag Sol El iletim Hatt: (CRLH TL) ultra
genis bant eslestirme devrelerinin tasarim
optimizasyonunda [27] 'deki PSO ve GA ile
karsilastirildiginda basariyla uygulanmistir.

Guguk 1 diyelim ki i¢in yeni ¢Oziimler
iiretirken x (t + 1), bir Levy ugusu gerceklestirilir.

~(t4])  —~(t) — ,
Xi  =Xi +a®Levy(l), (5)
a=a, (iﬁ-" —ii‘”) (6)

Esitlik'e alternatif olarak. (6), Esitlikteki vektor.
(5), ilgili problemin olgekleriyle iligkili olmasi
gereken adim boyutu olan bir skaler ile ikame
edilebilir. Cogu durumda kullanabiliriz. Uriin @,
giris acisindan carpimlar anlamina gelir. Lévy
ucusu ile rastgele yiirliylis, adim uzunlugu vergi
dagilimina gore c¢izildigi icin arama alanim
kesfetmede daha etkilidir [26]. Kullanilan guguk
kusu arama algoritmasinin sdzde kodu asagidaki
sekilde verilmistir:

Algoritma 3: Guguk Kusu Arama
Algoritmasinin Sézde Kodu [27]

Parametreler, yuvaBoyutu (N), Mak_iterasyon,
Pa, €rReq asagidaki gibidir.

(1) yuvaBoyutu (N): Konak yuvalarmin
sayisl.

(2) Mak_Iterasyon: Maksimum yineleme
sayisl.

(3) pa: Yumurtlayan yumurtanin konuk¢u
tarafindan kesif olasilig1,

(4) greq: Istenen arama hassasiyeti.

Gereksinim: yuvaBoyutu, Mak_iterasyon, € ve
maliyet islevi.

N konak yuvasinin popiilasyonunu baslatin.

WHILE Iter <Max_Iter VE ggreq <¢
Levy ucuslartyla Rastgele guguk alin,
Maliyetini / fitness Fi degerini degerlendirin,
yuvaBoyutu (N) arasindan bir yuva segin,
*EGER Fi <Fj
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J'yi yeni ¢oziimle degistirin
END

Daha kot yuvalarm bir kismimi (pa) terk
edin, Toplama uguslar1 aracilifiyla yeni
konumlarda yenilerini insa edin.

En iyi c¢oziimleri veya yuvalan kaliteli
coziimlerle tutmak,

Coziimleri siralayin ve mevcut en iyi olan
bulun,

END

*:j, rastgele secilen yuvay! patlatir.

Amag¢ ve Maliyet Fonksiyonlari

Anten Ol¢lim fonksiyonlar1 arasinda, geri
doniis kaybt (S11) ve 90 derecede yonliilik
kazanci referans noktast olarak segilmistir.
Moment yontemi (MoM) teknigi, karmagik
integral denklemlerinin dogrusal denklem
sistemine indirgenip, agirlastirilmis artiklar
(weighted residuals) kullanarak, c¢ozlilmesine
dayanur. Biitiin agirlastirilmis
artiklar teknikleri bir ya da birka¢ parametreye
bagli deneme c¢oziimleri iretilmesine dayanir
[32]. Bu teknige dayali olarak asagidaki amag
fonksiyonu tanimlanmustir.

Amag fonksiyonu:
AFl:min{e(-ydnlendiriciIik/wcl)} (7)
AF2=min {e(geriDonusKayb1/wc2)} (8)

burada yonlendiricilik > 0 ve geriDonusKaybi <=
0 referans noktalar1 olarak verilmistir. Amag
islevi Ozetlenir ve asagidaki gibi tek bir maliyet
islevi olugturmak i¢in kullanilir:

maliyet=AF1+AF2 9)

5 GHz frekansinda Onceden tanimlanmis
performans parametreleri i¢in analiz yapilmasi
gerektiginden, optimizasyon stirecinde
kullanilacak  amag¢  fonksiyonlar1  (7)-(8)
secilmistir. Belirlenen hedef fonksiyonlari ile 10
farkli kosu tizerinden aliman minimum ortalama
maliyet (9) ile sonug belirlenmeye ¢aligilmistir.

Bu optimizasyon siirecinde karar degiskenleri
sirastyla anten uzunlugu (metre) ve genisleme
acisidir  (derece). Ihtiyaglarm o6nemi farkl
oldugundan farkli agirlik katsayilar1 (wel, wc2)
icin denemeler yapilmustir.

Cahsma Kismm

Genetik algoritmalarin bircogu aramaya bir
nokta yerine bir dizi noktadan baglar. Bu sebepten
Otiirli algoritma parametrelerinin en optimumunu
segmek ¢ok onemlidir. Kullanilan
algoritmalardan ategbocegi algoritmasi i¢in 151k
sogurma katsayisi (y) = 0,3, bir ates boceginin
cekiciligi (B) = 0,5 ve istenen arama hassasiyeti
(gReq) = 0,5 olarak alinmustir. Diferansiyel evrim
algoritmasi i¢in ise 6l¢ek faktorii (F) = 0,5, capraz
gecis (Cr) = 0,5 ve arama hassasiyeti (€req) = 0,5
olarak alinmistir. Guguk kusu algoritmasi i¢in ise
yumurtlayan yumurtanin konuk¢u tarafindan
kesif olasiligi (pa) = 0,5 ve istenen arama
hassasiyeti (ereq) = 0,5 olarak alimmistir. Tim
algoritmalar i¢in maksimum iterasyon = 30 ve
poptilasyon (N) = 30, 50 ve 80 olarak sec¢ilmistir.
Ayrica optimizasyon algoritmalari rastgele
baslatilmis  kosullara ve siirece dayal
oldugundan, sabit maksimum iterasyon ve farkli
poplilasyon parametreleri i¢in diger optimizasyon
problemlerindeki gibi algoritma kodu 10 kere
kosturulmustur.

Optimizasyon icin Optimal Parametre Seti
Secimi

Calisgmanin  bu kisminda 3  algoritmanin
(atesbocegi, diferansiyel evrim ve guguk kusu
arama) popiilasyon = 30, 50 ve 80 i¢in 10 farkli
kosusundan segilen en 1yi performansin tekrari ile
tipik maliyet ve fonksiyon hesaplama sayisi
(FEN) varyasyonlari sirast ile Sekil 2, Sekil 3 ve
Sekil 4'te gosterilmistir. Ek olarak, Sekil 2, Sekil
3 ve Sekil 4'teki maliyet ve FEN varyasyonlart
sayisal tablo olarak Tablo 2, Tablo 3 ve Tablo
4’de verilmistir. Grafik ve tablolara gore
diferansiyel evrim ve guguk kusu arama
algoritmalar1 igin popiilasyon (N) = 50 ve
atesbOcegi algoritmasi igin ise popiilasyon (N) =
80 olarak se¢ilmistir. Calismanin bir sonraki
boliimiinde, segilen optimum parametrelerle
devam edilecektir.
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%10

islev Degerlendirmesi (x107)

iterasyon

Sekil 2. Atesbocegi algoritmasi icin popiilasyona
gore 10 farkli kosudan segilen optimizasyonun en
iyi performansin yinelemeli tipik maliyet ve
FEN varyasyonlar

Figure 2. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by population for
the firefly algorithm

x10°

islev Degerlendirmesi (x107)

iterasyon

Sekil 3. Diferansiyel evrim algoritmasi igin
popiilasyona gore 10 farkh kosudan segilen
optimizasyonun en iyi performansinin yinelemeli
tipik maliyet ve FEN varyasyonlart

Figure 3. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by population for
the differential evolution algorithm

x108

islev Degerlendirmesi (x10°)

iterasyon

Sekil 4. Guguk kusu arama algoritmasi igin
popiilasyona gore 10 farkli kosudan segilen
optimizasyonun en iyi performansinin yinelemeli
tipik maliyet ve FEN varyasyonlart

Figure 4. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by population for
the cuckoo search algorithm

Tablo 2. Atesbocegi algoritmast igin popiilasyona
gore optimizasyonun performans
degerlendirmeleri

Table 2. Performance evaluations of optimization
by population for the firefly algorithm

Popiilasyon Minimum Maksimum Ortalama
Maliyet ~ 3,95E-06  0,001397459  2,56E-04

% FEN 780 60 930
Maliyet 0,000301329  1,45E-03 8,28E-04

> FEN 1550 100 1550
Maliyet 7,89304E-05 1,01E-03 4,47E-04

% FEN 1120 160 2480
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Tablo 3. Diferansiyel evrim algoritmast i¢in
popiilasyona gore optimizasyonun performans
degerlendirmeleri

Table 3. Performance evaluations of optimization
by population for the differential evolution
algorithm

Popiilasyon Minimum Maksimum  Ortalama
Maliyet  8,64E-04  0,000936918  8,72E-04
30
FEN 1710 90 1830
Maliyet 0,000826929  1,31E-03 8,50E-04
50
FEN 2350 150 3050
Maliyet 0,000830396  1,51E-03 8,90E-04
80
FEN 4880 240 4880

Tablo 4. Guguk kusu arama algoritmast i¢in
popiilasyona gére optimizasyonun performans
degerlendirmeleri

Table 4. Performance evaluations of optimization
by population for the cuckoo search algorithm

Popiilasyon Minimum Maksimum Ortalama
Maliyet ~ 8,84E-04  0,004004882  1,09E-03

% FEN 1260 120 1860
Maliyet 0,000868378  2,27E-03 9,64E-04

%0 FEN 2900 200 3100
Maliyet 0,000909947  4,27E-03 1,07E-03

% FEN 3520 320 4960

Maliyet icin Agirhk Katsayisi secimi

Secilen algoritmalarin ¢alisma prensiplerinde en
diisiik maliyet degerine sahip sonug¢ bulunmaya
calisgildigindan ~ maliyet  fonksiyonu  (9)
icerisindeki agirhik katsayr parametrelerinin
secimi biiyilk Onem tasimaktadir. Belirlenen
maliyet fonksiyonunda 90 derecede
yonlendiricilik kazanci parametresinin agirlik
katsayisi-1 (wcl) ve geri doniis kaybi (S11)
parametresinin agirlik katsayisi-2 (wc2) olarak
goriiliiyor. Sekil 5, Sekil 6 ve Sekil 7°de agirlik
katsayisi-1 (wcl) ve agirlik katsayisi-2 (wc2) =
0,3, 0,5, 0,7 i¢cin 10 farkli calismadan segcilen en
iyi performansin yinelenen tipik maliyet ve
fonksiyon hesaplama sayi1st (FEN)

varyasyonlarini sirasi ile atesbocegi, diferansiyel
evrim ve guguk kusu algoritmalar1 ig¢in
gostermektedir. Ayica, Sekil 5, Sekil 6 ve Sekil
7'deki maliyet ve FEN varyasyonlari sayisal tablo
olarak Tablo 5, Tablo 6 ve Tablo 7’de verilmistir.
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Sekil 5. Atesbocegi algoritmast i¢in agirlik
katsayilarina gore 10 farkli kosudan segilen
optimizasyonun en iyi performansinin yinelemeli
tipik maliyet ve FEN varyasyonlart (popiilasyon
(N) = 80)

Figure 5. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by weight
coefficients for the firefly algorithm (population
(N) = 80)
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Maliyet
islev Degerlendirmesi (x107)

iterasyon

Sekil 6. Diferansiyel evrim algoritmasi igin
agwrlik katsayilarina gore 10 farkli kosudan
se¢ilen optimizasyonun en iyi performansinin
yinelemeli tipik maliyet ve FEN varyasyonlari
(popiilasyon (N) = 50)

Figure 6. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by weight

coefficients for the differential evolution
algorithm (population (N) = 50)
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Sekil 7. Guguk kusu arama algoritmasi igin
agwlik katsayilarina gore 10 farkli kosudan
secilen optimizasyonun en iyi performansinin
yinelemeli tipik maliyet ve FEN varyasyonlart
(popiilasyon (N) = 50)

Figure 7. Typical cost and FEN variations with
iteration of the best performance of optimization
selected from 10 different runs by weight
coefficients for the cuckoo search algorithm
(population (N) = 50)

Tablo 5. Atesbicegi algoritmast i¢in agwrlik
katsayilarina gére optimizasyonun performans
degerlendirmeleri (popiilasyon (N) = 80)

Table 5. Performance evaluations of optimization
by weight coefficients for the firefly algorithm
(population (N) = 80)

wcl  we2 Minimum Maksimum Ortalama
Maliyet 3,07E-04 0,000316109  3,16E-04
0,3 0,7
FEN 2400 160 2480
Maliyet 7,89304E-05 1,01E-03 4,47E-04
0,5 0,5
FEN 1120 160 2480
Maliyet 0,002276241 4,16E-03 2,53E-03
0,7 0,3
FEN 2400 160 2480

Tablo 6. Diferansiyel evrim algoritmast igin
agwrlik  katsayilarima  gére  optimizasyonun
performans degerlendirmeleri (popiilasyon (N) =
50)

Table 6. Performance evaluations of optimization
by weight coefficients for the differential
evolution algorithm (population (N) = 50)

wcl wc2 Minimum Maksimum Ortalama
Maliyet ~ 3,74E-04  0,000467979  3,80E-04
0,3 0,7
FEN 1050 150 3050
Maliyet 0,000826929  1,31E-03 8,50E-04
05 05
FEN 2350 150 3050
Maliyet 0,002229796  2,62E-03 2,25E-03
0,7 0,3
FEN 2450 150 3050
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Tablo 7. Guguk kusu arama algoritmast i¢in
agirlik  katsayilarina  gére  optimizasyonun
performans degerlendirmeleri (popiilasyon (N) =
50)

Table 7. Performance evaluations of optimization
by weight coefficients for the cuckoo search
algorithm (population (N) = 50)

wcl wc2 Minimum Maksimum Ortalama
Maliyet  5,04E-04  0,001635864  9,71E-04
0,3 0,7
FEN 900 200 3100
Maliyet 0,000868378  2,27E-03 9,64E-04
0,5 0,5
FEN 2900 200 3100
Maliyet 0,002366233  7,03E-03 3,46E-03
0,7 0,3
FEN 600 200 3100

Yuvarlak Papyon Anten icin Geri Doniis
Kaybi

Sekil 8, Sekil 9 ve Sekil 10 popiilasyon (N) = 30,
50 ve 80 degerleri icin en iyi performansa sahip
ii¢ antenin geri donis kaybimi (S11) 4-6 GHz
arasinda tipik biiytikliik ve frekans degisimlerini
sirasi ile atesbocegi, diferansiyel evrim ve guguk
kusu arama algoritmalart i¢in gostermektedir.
Bunun yani sira, Sekil 8, Sekil 9 ve Sekil 10°daki
biiytikliik ve frekanstaki degisimler sayisal olarak
Tablo 8, Tablo 9 ve Tablo 10'da verilmistir.
Sonuglardan  goriilecegi  lizere popiilasyon
degerini arttirmak her zaman optimizasyonun
yiikiinii attirirken her zaman en diisiik maliyetli
sonucu vermedigi goriilmektedir.

Sekil 11, Sekil 12 ve Sekil 13’de diferansiyel
evrim ve guguk kusu arama algoritmalar1 igin
popiilasyon (N) = 50 ve atesbocegi algoritmasi
icin ise popiilasyon (N) = 80 parametrelerine ek
olarak agirlik katsayisi-1 (wcl) ve agirlik
katsayisi-2 (wc2) = 0,3, 0,5, 0,7 igin en iyi ¢
performansli antenin geri doniis kaybini (S11) 4-6
GHz arasinda tipik biytliklik ve frekans
degisimlerini siras1 ile atesbocegi, diferansiyel
evrim ve guguk kusu arama algoritmalar icin
gostermektedir. Ek olarak, Sekil 11, Sekil 12 ve
Sekil 13’deki biiytikliik ve frekanstaki degisimler
sayisal olarak Tablo 8, Tablo 9 ve Tablo 10'da
verilmigtir. Agirlik katsayisinin (wcl) artmasinin
geri donlis kaybi1 sonuglarina  yansidig
goriilmektedir. Ayrica tiim sekillerdeki ortalama

sonuglara gore antenlerin bant genisliklerinin,
4,5-5,5 GHz arasinda oldugu sdylenebilir.

Bununla Dbirlikte, Onerilen anten tasarimi
atesbOcegi algoritmasi ile tasarlanan popiilasyon
(N) = 80 ve agirlik katsayisi-1 (wcl) = 0,7 ve
agirhk katsayisi-2 (wc2) = 0,3 icin 5 GHz
rezonans frekans noktasinda geri doniis kaybi
(S11) -56,31 dB iken sirasiyla 1,96 dB, 1,95 dB ve
1,94 dB olmak tizere siras1 ile 30, 60 ve 90
derecelerde kazang degerlerine sahiptir. Ayrica
Onerilen anten, belirtilen frekans bandi i¢in %60
ve lizeri bir verime sahiptir.
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Sekil 8. Atesbocegi algoritmast igin farkl
popiilasyon degerleri arasindan segilen en iyi
performansa gore antenin geri doniis kaybi

Figure 8. Return loss of the antenna according to
the best performance selected among different
population values for the firefly algorithm
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Sekil 9. Diferansiyel evrim algoritmasi igin farkl
popiilasyon degerleri arasindan segilen en iyi
performansa gore antenin geri doniis kaybi

Figure 9. Return loss of the antenna according to
the best performance selected among different
population values for the differential evolution
algorithm
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Sekil 10. Guguk kusu arama algoritmast i¢in
farkl popiilasyon degerleri arasindan segilen en
iyi performansa gore antenin geri doniis kaybi
Figure 10. Return loss of the antenna according
to the best performance selected among different
population values for the cuckoo search
algorithm
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Sekil 11. Atesbocegi algoritmast igin farkl agirlik
katsayr degerleri arasindan segilen en iyi
performansa goére antenin geri doniis kaybi
(popiilasyon (N) = 80)

Figure 11. Return loss of the antenna according
to the best performance selected among different

weight coefficient values for the firefly algorithm
(population (N) = 80)
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Sekil 12. Diferansiyel evrim algoritmasi igin
farkly agirlik katsayr degerleri arasindan segilen
en iyi performansa gore antenin geri dontis kaybi
(popiilasyon (N) = 50)

Figure 12. Return loss of the antenna according
to the best performance selected among different
weight coefficient values for the differential
evolution algorithm (population (N) = 50)

561



DUJE (Dicle University Journal of Engineering) 12:4 (2021) Page 551-564

Tablo 10. Sekil 10 ve Sekil 13'deki geri doniis
kaybt (S11) degerlerinin sayisal formu

Table 10. Numerical form of return loss (S11)
values in Figure 10 and Figure 13
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Sekil 13. Guguk kusu arama algoritmasi igin
farkly agirlik katsayr degerleri arasindan segilen
en iyi performansa gore antenin geri doniis kaybi
(popiilasyon (N) = 50)

Figure 13. Return loss of the antenna according
to the best performance selected among different
weight coefficient values for the cuckoo search
algorithm (population (N) = 50)

Tablo 8. Sekil 8 ve Sekil 11'deki geri doniis kaybt
(S11) degerlerinin sayisal formu

Table 8. Numerical form of return loss (Si1)
values in Figure 8 and Figure 11

wel W2 Popi(jll\zjl)syon Geri D?élﬁ; Kaybi
0,5 0,5 30 -49.4
0,5 0,5 50 -43,71
0,5 0,5 80 -36,61
0,3 0,7 80 -47,.4
0,7 0,3 80 -56,31

Tablo 9. Sekil 9 ve Sekil 12'daki geri doniis kaybi
(S11) degerlerinin sayisal formu

Table 9. Numerical form of return loss (Si1)
values in Figure 9 and Figure 12

wel w2 Popi(i’l\éli)syon Geri D?gﬁ; Kaybi
0,5 0,5 30 -32,83
0,5 0,5 50 -34,15
0,5 0,5 80 -25,12
0,3 0,7 50 -34,94
0,7 0,3 50 -24,43

wel We2 Popl(lll\ajl)syon Geri D?SS Kaybi1

0,5 0,5 30 -48,62

0,5 0,5 50 -43,01

0,5 0,5 80 -43,61

0,3 0,7 50 -41,18

0,7 0,3 50 -43,06
Sonuglar

Bu c¢alismada, kablosuz yerel aglar1 (WLAN) ve
iletisim sistemlerinde ¢alisabilen tek bant
yuvarlak papyon anten tasarimlari, rekabetgi
evrimsel algoritmalar ile bir optimizasyon
problemi olarak formiile edilmis ve antenlerin
geometrik  tasarim  parametrelerine  gore
coziimleri maliyet fonksiyonu olarak ifade
edilmistir. Atesbocegi (FF), diferansiyel evrim
(DE) ve guguk kusu arama (CS) algoritmalari;
moment yontemi (MoM) teknigi kullanilarak elde
edilen maliyet fonksiyonu kullanilarak, optimum
tasarim degerlerini elde etmek iizere basariyla
uygulanmistir. Bu sonuglarda ates bdcegi,
diferansiyel evrim ve guguk kusu algoritmalar
icin en 1y1 geri doniis kaybi (S11) degerleri sirasi
ile -56,31 dB, -34,94 dB ve -48,62 dB olarak
bulunmustur. Ayrica yonlendiricilik kazang
degerleri siras1 ile 1,94 dB, 1,93 dB ve 1,94 dB
hesaplanmistir. Bu 1{i¢ rekabetci algoritma
arasindan, atesbocegi ile optimize edilen sonug en
basarili olarak secildi. Elde edilen simiilasyon
sonuglari, grafiksel sekil olarak ve sayisal form
olarak bakildiginda 6nerilen {i¢ rekabetci tasarim
optimizasyon yontemleriyle basarili sonuglar
elde edildigi sOylenebilir. Bu optimizasyon
teknikleri performans degerlendirmeleri
acisindan bir dipol antenin optimal ¢dziimlerini
olusturmak icin etkili algoritmalardir. Ek olarak,
Onerilen tasarim optimizasyon stiregleri tek bant
yuvarlak papyon anten tasarimi ile simirh
kalmayip, ayni zamanda tasarim optimizasyon
hedefleri degistirilereck bagka mikrodalga devre
tasarimi1  problemleri i¢cin de  basariyla
uygulanabilir.
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verified. Experimental results i) 99.0% detection rate was achieved in the ExtraTree algorithm for binary
classification, while a reduction of 82.96% was achieved in the processing time per sample; ii) For
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while a 64.43% shortening was achieved in the processing time per sample. As a result, similar

classification rate with the studies in the literature has been achieved with much shorter test time.
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Introduction

With the emergence and development of network
structures, almost all institutions, organizations and
companies have established their own large-scale LANS.
Large amount of network and sensitive information are
stored in these networks [13]. In addition, new device types
and network structures have emerged, such as 5G, cloud
computing, and the Internet of Things (IoT). With the
growth of these systems and networks, ensuring their cyber
security is critical [14]. According to the 2021 Cyber Threat
Defense Report (CyberEdge, 2021) [4] released by the
CyberEdge team and compiled from data provided by 1200
IT security experts working in 19 different sectors in 17
different countries, attacks to companies connected to the
internet network have been increased (Figure-1).

These threats in recent years contain denial of service,
malicious software attacks, spyware attacks, and continues
threats. Especially, advanced persistent threats are
dangerous and costly. Because they are carried out by
experts in the field and are mostly supported by the
governments. They are long-term attacks against
governments or big companies for the purpose of data
stealing and sabotage of the infrastructure. According

86%
79% 81%
.° 77%  78% l
2017 2018 2019 2020 2021

Figure 1. The number of attacks in the last 5 years
(CyberEdge, 2021).

to the M-trends 2021 report, as of September 2020, the
average waiting time (dwell time), which indicated that
attackers have been working on a system or network for
more than one year without detection, is 416 days, while the
median waiting time between October 1, 2019 and
September 30, 2020 is only it has decreased to 24 days [5].

First place of defense in ensuring cyber security in computer
networks consist of a security infrastructure that includes
Access control, privacy management, authentication and
various security policies. However, despite all this
defensive structure, it can be targeted by cyber attackers for
reasons such as operations problems, other zero-day
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exploits and various systemic vulnerabilities. As the second
line of defense behind the firewall, IDS systems are tasked
with accurately identifying malicious network attacks,
providing real-time monitoring, dynamic protection
measures, and creating strategies [6]. An IDS can be placed
on all independent distributed hosts in a network, or they
can be located on a central dedicated server and distribute
its service over the network. Network intrusion detection
systems (NIDS) designed to detect attacks from a single
center for all systems on a network. NIDS monitor network
information such as network traffic, protocols, flow
metadata, activity logs and try to detect abnormal events.
The main purpose of an IDS system is to detect
unauthorized computer use and malicious network traffic
that is not possible when using a traditional firewall. This
system makes it highly protected against malicious acts that
endanger the usability, integrity or privacy of computer
systems [7].

IDS systems are basically divided into two types such as
signature-based intrusion detection systems (SIDS) and
anomaly-based systems (AIDS). SIDS uses patterns in its
database to detect an attack, previously prepared for a
known attack type. When a pattern matches with the
signatures in the databases, an alarm is generated. For
detection, the host’s logs and command sets are analyzed.
On the other hand, AIDS is an approach that can produce
solutions to many constraints of sighature-based systems. In
this method, the normal behavior of a computer or network
is extracted with the help of machine learning. When there
is a deviation between an observed suspicious and the
normal behavior pattern of the systems, it is interpreted as
an attack. This technique is based on the fact that malicious
attackers have different behavioral patterns from normal
users [8].

Machine learning approach to attack detection has been
studies by researchers for a long time [9, 30]. Large
volumes of network metadata and security-related data
allow ML to be applied to detect intrusion into systems.
Cisco Stealthwatch [10], Darktrace [11], Vectra Cognition
[12] which are modern commercial IDSs use ML as part of
their security strategy.

In the light of the challenges and requirements given above,
a machine learning-based model is proposed for the
classification of suspicious internet traffic. The model was
evaluated with CSE-CIC-IDS2018 dataset with both
multiple and binary classification scenarios.

(1) A new pre-processing model is proposed, which
provides significant gains in the training and testing time of
the classification models. Thus, it was possible to achieve
high classification results in a much shorter time compared
to similar studies.

(2) Tests have been carried out with 9 different ML
techniques in order to observe the effect of this proposed
new pre-processing step on both the reduction rate in the
processing time and the classification results, and the results
are given comparatively.

(3) Repeated experimental results under similar conditions
have been shown that this proposed approach provides
similar classification results with existing current studies,
while achieving these results 82.96% faster than them.
Thus, a model that will contribute to the real-time operation
requirements of IDS systems is proposed.

The remainder of the article is organized as follows. In
Section 2, the current studies on CSE-CIC-1DS2018 dataset
are mentioned in detail. Originally designed pre-processing
model are given in Section-3. Experimental results are
presented in Section-4. The study has been concluded in
Section-6.

Related Works

Intrusion detection systems (IDS) are an up-to-date subject
that is studies both in the field of cyber security and as an
academic research. For this reason, many studies have been
carried both in this area in recent years. Since the proposed
model was tested with the IDS2018 dataset, which is one of
the best examples of current internet traffic, in this section,
studies only conducted with the same dataset are given in
this section.

In [17] used the SMOTE datasets balancing algorithm to
oversampling the samples of minority classes and then
evaluated the results with 6 different ML algorithms (RF,
DT, KNN, Adaboost, GB and LDA). The experimental
results indicated that the proposed model performed better
that the existing models.

In the study [18] on the same dataset, a GMM-based
approach is proposed to solve the sample imbalance
problem between classes to increase classification
performance rate. Thus, by using SMOTE and GMM
together, the number of samples in classes was balanced and
the results were evaluated. Accordingly, a sample CNN
model was designed and demonstrated that balancing the
classes improves the learning process and contributes
directly to performance enhancement.

In the study conducted on the use of artificial intelligence
techniques in IDS systems, it is aimed to classify the botnet
attack, which is a serious threat to the finance and banking
sectors [19]. In tests performed in IDS 2018 dataset with a
designed ANN, a low FP rate of 3% was achieved. ANN
have been shown to produce good results in detecting botnet
attacks.

In [20], a design has been made in which deep neural
network and deep autoencoders are included in the learning
process together. A model that uses grid search and random
search algorithms together is proposed to determine
optimum  model parameters. Deep autoencoder,
autoencoder and stack autoencoder are used for feature
extraction. As a result, more successful results have been

obtained in multiclass classification than previous
approaches.
An artificial neural network-based model has been

proposed [21]. It is aimed at ensuring security in software
defined networks, in which packet analysis is separated
from the traffic routing processes. It has been shown in the
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tests that it is more beneficial to used much more complex
and multilayer neural network to increase classification
performance. It has been stated that LSTM-based models
produce more successful results for real life usable system
designs.

Increasing data flow in the network can cause attacks and
intrusions. In order to prevent attacks, it is necessary to
quickly classify large amounts of data with little cost. In
[22], unsupervised feature selection method is proposed to
avoid the cost of tagging network traffic. Thus, it is aimed
to achieve better classification results while reducing
computational complexity. Experimental results with IDS
2018 have confirmed that the proposed method is suitable
for use in LAN and mobile ad-hoc networks and other
networks with variable data density.

Based on the insufficiency of signature-based approaches in
the detection of cyber-attacks in today’s conditions, a deep
learning-based approach has been proposed [23]. It is a
working model only for DoS attacks. For this reason, tests
were carried out on the records for DoS among the types of
attacks found in the KDD and 1DS2018 dataset. As a result
of the tests performed with CNN and RNN-based models,
it has been shown that the CNN model is more successful.

Apart from the ones given in this section, many survey
articles covering all IDS related studies from past to present
have been prepared [24-26], and they have been evaluated
comparatively regardless of the data set.

System Architecture

The evaluation of the proposed model in dataset was
prepared in Python and tested with a structure supported by
pandas [1], sklearn [2] and xgboost [3] modules. In the
current application, 9 supervised machine learning
classifiers were used. 6 of them are tree-based, decision
tree, random forest, gradient-boosted trees (gradient boost),
random decision trees (extra tree) and extreme gradient
boosted trees(xgboost), 1 of them is neighborhood-based, k-
nearest neighbor (KNN) and 2 of them are SVM based,
linear SVC and logistic regression.

The NIDS problem

The main purpose of NIDS is to follow the system operating
process and behavior. In this way, they determine when the
attacks occur and create warning messages when necessary.
Thus, it is to ensure that field experts can mitigate the bad
consequences that will arise. As an input to an IDS system,
traffic statistics in a computer network, packet headers and
information to be obtained from packet content and process
behavior, system call traces, application logs, file system
change information coming from host computers can be
given. And its output can be like a tagging for each input,
attack scoring or categorization. Tags can be both benign or
malicious, as well as multi-class attacks such as brute-force,
infiltration, SQL injection. Using machine learning
algorithms, this problem can be modelled as a classification
or anomaly-based detection problem. In the training of the
model to be prepared for anomaly detection, a data set
consisting of information obtained from the network and
hosts will be sufficient. On the other hand, for classification,

tagged inputs is required. Thus, the system that emerged
after completing the model training, can be deployed to
detect new attacks.

System design and proposed model

A model has been designed in order to observe the effect of
the proposed model on the classification results in IDS
systems and the time required to obtain these results. The
flow-chart of designed model is shown in Figure-2. The
CIC-IDS 2018 dataset was used to evaluate the study. Since
the experiments are carried out for both multiple and binary
classification, the dataset has been subjected to a separate
process to used two classification model. Two test
processes were carried out, one with the original dataset and
the other with the dataset subjected to proposed pre-
processing.

In the two test processes carried out for comparison, feature
selection, under-sampling, random separation for training
and testing, standardization and classification models were
kept exactly the same. The purpose of this is to observe the
difference and contribution of the proposed model from
traditional approaches.

In the feature selection, 80 features found in the original
dataset were reduced to 42 features. In this way, both the
processing time was saved and the noisy features that
negatively affected the training of the model were removed.
In addition, features that cannot be mathematically
processed such as IP address are eliminated in this section.
In the next step, under-sampling was applied. The reason
for this is that there are over 18M data in dataset and it is
very difficult to transform and process such large amounts
of data into vectors for KNN or SVM. For this reason, the
number of data has been reduced with under-sampling and
a subset that best represents the original dataset is obtained.
Then, this data was separated randomly to be used in the
training and testing as 70%-30%. Finally, after a
standardization of the data, both feature vectors emerging
are given to the classification model. The results were
compared in terms of both the classification performance
rate and the processing time.

When the dataset is examined, it is seen that both the
complete parts and the fraction parts of the values for each
feature increases up to 10 digits (12.00215875 or
8214251652.0012). Working with high-digit numbers for
40 different properties can cause problems, especially in
terms of processing time. This required processing time is
quite long for most real-time IDS systems, and it is not
directly possible to use the developed models in real life. In
order to find a solution to this problem, all data were
evaluated according to the approach shown in Figure-3 and
all values were changes to 0 or 1.
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Figure 2. System overview of proposed model.

Regarding the proposed model, first of all, the average value
in the whole dataset was calculated separately for each
feature. According to this average, the value of each feature
is changes to 1 if it is greater than the average value and 0
if it is less than the average value. Thus, the average value
calculated on a feature basis is used as a threshold. Thus,
instead of working with decimal numbers of internet traffic,
it is possible to work with feature vectors with values of 0
and 1. As a result, it is aimed to produce feature vectors that
will be easier and faster to work with in both training and
testing processes of classification algorithms.

As the data is changes with the approach shown in Figure-
3, it is necessary to observe whether the emerging new
feature vector eliminates meaningful data. If significant
value is lost, classification performance will decrease. In
this case, even if you have a faster classification and testing
process, performance will be lost. In order to observe this
situation, the experiments, the details of which are given in
the next section, have been carried out.

18803721
Calculate sum of values for each =
feature in dataset SU Z ﬁ
\l/ i
fi
Find average value for each feature ag=—-
Sum
fi=1 fi=0

S —

All dataset feature values converted to 0 or 1
(not 12000215.45 or 12.25415252)

L7_PROTO,IN_BYTES,IN_BYT L7_PROTO,IN_BYTES,IN_B
ES YTES

92.0, 375.12524, 21.00000, ... 10,1, ..
5126.0, 67190, 125: - 0,01,..

Figure 3. Details of proposed pre-processing model.
Experimental Design and Results

In this study, it is tried to show that contribution of new pre-
processing method in the detection of attacks in IDS
systems. Experimental environment, dataset details and test
results, which are performed in multiclass and binary, are
given in this section and the results are discussed with
similar studies.

Experimental design

The test process was carried out on Intel Xeon a 3.5 GHz 8
core processor with 32 GB Ram and Ubuntu 18.04
operating system. It was developed in Python programming
language by using sklearn library and tensorflow for
machine learning. Imbalanced-learning library is used for
under-sampling.

CSE-CIC-1DS2018 dataset

CSE-CIC-1DS2018 was prepared by The Communications
Security Establishment (CSE) and the Canadian Institute
for Cybersecurity (CIC) for use in attack detection and
prevention. It is a dataset representing the traffic flow and
attack types of real life network structure and is distributed
as open source [15]. It consists of 80 features, including
tags. Statistical information about internet traffic constitutes
most of the features and obtained with the CICFlowMeter
and outputted and based on the flow of network traffic. The
details of the scenario and the process of extracting traffic
characteristics are explained in [15,16].

Almost all of the features in the dataset consist of
continuous features such as dst_ports, protocols,
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timestamps, labels. It includes 14 types of attacks in 6
different scenarios including Brute-Force, Botnet, Web
attacks, DDos and infiltration. The total number of records
is 18893270. Of these, 16635579 records (%83.07%)
represent benign traffic, while the remainder represent
malicious. In this study 9.73% is used for training and
4.17% for testing. The amount of data to be used in the
training and testing phase of the proposed model is shown
in Table-1. It is aimed to prove the objectivity of the
proposed model and that is a viable method in real systems
by performing the tests with CSE-CIC dataset which is
quite large, contains different attack types and internet

traffic.

Table 1. CSE-CIC-2018 data distribution (before and after
random under sampling with majority).

Catedo |Attack Size - o Train — Test (%70-%30)
gory Types 0 (After Under Sampling)
Benign 16?355 88.050 | 442 | 190 |0.028%
HOIC 1088085 5.721 | 756601 |324257(47.852%
DDoS LOIC-http |307300] 1.627 | 215110 | 92190 |13.605%
LOIC-UDP | 2112 | 0011 | 1478 | 634 |0.094%
Botnet  |Bot 143097| 0.757 | 100168 | 42929 | 6.335%
e Force 1P 25933 | 0.137 | 18153 | 7780 | 1.148%
SSH 94979 | 0503 | 66485 | 28494 | 4.205%
Infilteration (Infilteration |116361| 0.616 | 81453 | 34908 |5.152%
Hulk 432648 2.200 | 302854 |129794]19.154%
SIOWHTTPT! 14116 | 0.075 | 9881 | 4235 |0.625%

Dos lest
GoldenEye | 27723 | 0.147 | 19406 | 8317 | 1.227%
Slowloris | 9512 | 0.050 | 6658 | 2854 |0.421%
eb 2143 | 0.011 | 1500 | 643 |0.095%
0,
b Attackazqs)i 927 | 0005 | 649 | 278 |0.041%
0,
mpction | 432 | 0002 | 302 | 130 |0019%
Total 189992 100 [1581141)677632| 100%

Evaluation metrics

Various measurement metrics and tools are used to evaluate
the results in problems where ML models are used. In this
way, it is possible to evaluate the performance and
deficiencies of the IDS systems. Explanations of the metrics
are given in this section.

Table 2. Confusion matrix of binary classification

Predicted Class

Attack Benign
Actual | Attack TP FN
Class  ["Benign FP N

TP = True positives, TN = True Negatives, FP = False
positives, FN = False Negatives

The confusion matrix is a classification table based on
actual class (exact reference) in the rows and the class
projected on it in the columns as shown in Table-2. This
table can be produced in both multiclass and binary
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classification problems. It shows the classification
distribution of a model and helps determine the situation in
which one class is constantly classified as incorrectly in
another class. For example, a DDos attack can be classified
as a continuous exfiltration. The researchers can then
examine the possible causes of the problem. These
situations regarding models in many different metrics
cannot be easily observed.

Using this table, important metrics such as acc, precision,
recall and f1-measure are calculated. Thus, it is possible to
evaluate the classification performance from different
angles.

For multi class problems, these metrics should be calculated
separately on a class basis. If it desired to obtain a general
value regarding the classification performance, it can be
done by using following methods.

* Micro average: Calculates the final value using the
sum of the classification metrics for each class (TP =
TPClassl + TPClass2 +...)

* Macro average: Metrics per class are calculated and
averaged. It refers to the process of adding them all and
dividing them by the sum of the number of classes.

* Weighted macro average: It is a similar method to
calculate macro average, but when obtaining the overall
metric value of the model, the number of samples in the
classes is also taken into account in the average calculation.
All classes are not included in the overall average with
equal weight.

Multi class classification

IDS 2018 dataset contains a total of 15 classes, 14 of which
are malicious and 1 benign. The first stage of the tests of the
model proposed in this study was conducted for the
classification of these data. The test results are given in
Table-3 in detail.

Table 3. Multiclass classification rate (before and after
proposed pre-processing model)

MULTICLASS (15 CLASS) CLASSIFICATION RATE COMPARISON
Beforgrzgzggiizd Pre- After Proposed Pre-processing
F F
Acc | Prec. |Recall|{score| Acc Prec. | Recall |score

Logistic
Reg (LR) [0.949| 0.937 |0.949]0.940| 0.989 | 0.989 | 0.989 |0.989
RF 0.998| 0.998 |0.998]0.998| 0.990 | 0.990 | 0.990 |0.989
DT 0.998| 0.998 |0.998]0.998| 0.990 | 0.990 | 0.990 |0.989
LDA 0.965| 0.972 |0.965]0.967| 0.959 | 0.981 | 0.959 |0.968
ExtraTree |0.998| 0.998 |0.998|0.998| 0.990 | 0.990 | 0.990 |0.989
XGB 0.996| 0.996 |0.995]0.997| 0.955 | 0.987 | 0.955 |0.965
GB 0.997| 0.997 |0.997]0.997| 0.955 | 0.987 | 0.955 |0.965
SvC 0.950| 0.947 |0.952]0.940{ 0.990 | 0.990 | 0.990 |0.989
KNN 0.949| 0.937 |10.949]0.940] 0.989 | 0.989 | 0.990 |0.990
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With the datasets of 15 classes, the tests were tested with 9
different machine learning techniques. When the tests

Table 5. Binay classification rate (before and after
proposed pre-processing model)

performed with original dataset, a very successful

e . BINARY (BENIGN- MALICIOUS) CLASSIFICATION RATE
class!f!cat!on performance _of -99%.. Howeyer, hlg_h COMPARISON
cla§SIf|catlon rates were obtained in S|m|Ia.r studies on th!s Before Proposed Pre- After Proposed Pre-
subject. Therefore, the purpose of conducting these tests is processing (original data) | processing (original data)
to observe the effect of the proposed model on the F- F
classification performance. When the results were Acc | Prec. |Recall|score| Acc | Prec. |Recall|score
evaluated, although there was a loss of data during proposed  |Logistic
pre-processing, the results were found to be better for some  |Reg (LR) |0.877]0.917 | 0.8290.871|0.963| 0.983 | 0.94 |0.962
classifiers and similar values for some others. RF 0.975 0.978 | 0.97110.975/0.975| 0.996 | 0.95 [0.974
. . . . . DT 0.971(0.970 |0.972]0.971]|0.975] 0.996 | 0.95 [0.974
The required processing times in the experiments are shown  [GNB 0.895 0.965 | 0.8200.886/0.905/ 0.946 | 0.86 10.901
separately for each process step in Tablo-4. LDA 0.942 [ 0.960 [ 0.922]0.940/0.946] 0.968 | 0.92 [0.944
: P : : AdaB 0.976] 0.994 | 0.958 |0.976/0.957| 0.973 | 0.94 [0.956
Table 4. M”“'Clzsns dcgaffz'rf;)crit_'grgé'er?;rfg)mpar'son (before = raTres [0.974| 0.977 [0.971]0.974]0.985] 0.996 | 0.96 0.984
GB 0.980 | 0.999 {0.961]0.980]0.968| 0.992 | 0.94 [0.967
MULTI CLASS (15 CLASS) TIME COMPARISON XGB 0.975]0.991 1 0.948 0.977]0.975] 0.996 | 0.95 |0.974
(seconds) In this study, a new pre-processing method is proposed to
Before Proposed After shorten the processing time for classification. It is expected
Extra Tree Pre-processing | Proposed Pre- that the shortening of the processing time will not reduce
Algorithm (original data) processing the classification performance. For this purpose, the tests
(sec.) (sec.) were repeated in the same environments. Whe_n the test
_ results related to binary classification are examined, it is
Loading Data 699.6770 63.0300 seen that generally successful results are obtained as in
Label Encoding 5.4992 0.0035 multi class classification. It has been observed that the pre-
Under Sampling 743.1130 148.8480 processing does not cause any loss in performance. The
Data Split for advantage provided in terms of processing time in the
Training and Test | 9.4730 0.7700 classification shown graphically in Figure-4.
2.500,0000
Training time 422.7824 330.1324
Testing time 27.2800 16.5900 2.000,0000
1.500,0000
Testing time for 1.000,0000
each sample 0.00004 0.00002 500,000 I I
In Table-4, separate time periods are calculated for the 0,0000 _— [
process steps that may be needed in a sample machine & O b & o
learning model design. A much faster process is carried out ﬁQ“' & ,QQ\Q $E «&\‘Q
thanks to the proposed pre-processing model in all steps m@;\“ \@\‘Q RSN X -@\*% é\\*"
such as reading data, label encoding, under sampling, and < \;p@ 0@@\ P <L

classifying data. In addition, more importantly, an average
of 64.43% shortening is achieved in the test time per
sample. Considering that IDS systems monitor internet
traffic in real time and there is an average of 30 thousand or
50 thousand packages per second, the test time of each
sample is very important. Thanks to the model proposed in
this study, the test time per sample is considerably
shortened, and this makes it more possible to use in real-
time analysis tools. It this study, it is aimed to make the
model with very high classification rate with a shorter
processing time. The results support this goal.

Binary classification

In some IDS architectures, traffic differs only as malicious
or benign. Malicious traffic is not expected to be
categorized separately. In order to simulate this problem,
the tests were repeated as binary classification. The
obtained results are shown in Table-5.

After Proposed Pre-processing

m Before Proposed Pre-processing (original data)

Figure 4. Binary classification time comparison (before and
after pre-processing).

If a classification process is divided into steps as shown in
Figure-4, the processing times were compared for each
processing step. As a result, it is expected that the proposed
model needs shorter processing times in all steps.
Accordingly, as can be seen in the graph, after the proposed
models, considerably shorter processing times were needed
than traditional models.

In general, the results show that the direct equivalents of the
values obtained from the flow of traffic in IDS systems do
not have any meaning in the classification models, there are
sharp distinctions between the classes in terms of traffic
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characteristics, therefore, it is understood that using the
value in a simplified form makes a significant contribution
to the processing time.

Comparison with similar works and discussion

The classification results obtained in the studies with the
same dataset used in this work are shown comparatively in
Table-6. In the test results for multiclass classification were
at the same level with other studies. Classification success
was achieved with 99%.

In complex and heavy network traffic flows, it is very
important to be fast as well as accuracy in classification of
it. In the tests performed with proposed model, similar
classification rated were achieved with other studies using
mush shorter processing time. Thus, the classification was
possible both quickly and with high accuracy.

Table 6. Comparison with similar works using CSE CIC

IDS 2018 dataset
Paper - Year | Dataset | Model Results
Details
Yu et al. [27] | CIC- Hierarchical | Acc: 0.999
- 2021 IDS packet byte- | Precision:
2018, based CNN | 0.982
CIC- (PBCNN) Recall:
IDS 0.983
2017 F1-score:
0.983
Vinayakumar | CIC- ANN 5 | Acc: 0.962
et al. [28]- | IDS hidden layer | Precision:
2019 2018, (1024, 768, | 0.962
CIC- 512, 256, 128 | Recall:
IDS node), Relu | 0.965
2017 Activation F1-score:
Function 0.957
Ferrag et al. | CIC- DNN, RBM, | Acc:
[29]-2020 IDS DBFN, 0.9728
2018 CNN, DBM,
Deep
autoencoder
Proposed CIC- RF, DT, | Acc: 0.998
model  with | IDS ExtraTree Precision:
original 2018 0.998
dataset Recall:
0.998
Proposed CIC- RF, DT, | Acc: 0.990
model  with | IDS ExtraTree Precision:
pre-processed | 2018 0.990
data Recall:
0.990
F1-score:
0.989

Conclusion and Future Work

In this paper, detailed experimental results of CSE-CIC-
IDS2018, which is a modern dataset for the application of
ML to network intrusion systems, are shown. Model design

and application details are explained. Tests were carried out
with 9 different machine learning algorithms in the type of
supervised. Necessary optimization processes were applied
in the parameter selection of algorithms. In general, it was
determined that tree-based classifiers performed best.
Classifiers based on decision trees achieved a certain
success value in all classes. For this reason, they have
become practically applicable. The most increases were
provided for the ExtraTree and SVC classifiers.

In todays, internet traffic is increasing and diversifying due
to the increase in internet usage. For this reason, there is a
need for tools/analyzers that perform much faster and
accurate traffic classification and this need is increasing day
by day. With the proposed model in this study, it has been
shown that complex traffic can be made much simpler and
used in classification. In the future studies, performing
analyzes using fewer features will be beneficial in terms of
speed. In addition, using artificial neural network structures
will allow successful results. It is possible to get more
accurate results with more complex learning structures.
Finally, unsupervised learning methods can be used that can
adapt itself to new attack types (zero day attacks). So that it
will always be possible to create up-to-date models.
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In recent years, computer-aided agriculture applications have been developing rapidly as a prominent
research area. In parallel with the developments in technology, the use of automatic systems, sensor fusion,
the internet of things, and artificial intelligence-based systems is becoming widespread in agriculture. The
use of these systems allows for safer, faster, and more cost-effective operations based on human factors in
agricultural applications. Among these applications, there are artificial intelligence applications developed
based on image processing and machine learning. Plant disease detection systems are also among these
artificial intelligence studies. Within the scope of this study: I. It has been ensured that the leaf images of
the pepper plant have been segmented and their features have been extracted from the pre-trained
convolutional neural network. Il. These obtained features have been classified through the classifier
methods in order to detect bacterial disease. In the study, a total of 2475 images of pepper leaves with
1478 healthy and 997 bacterial diseases, which are among the PlantVillage data sets, have been used. To
extract the features, the DarkNet-19 network model has been used as a pre-trained convolutional network.
The SoftMax classifier in the last layer of the convolutional network model has been removed from the
network and SVM, KNN, and Decision-Tree-based classifiers are used instead of it. According to the
results, the level of performance achieved using the DarkNet-19 network and SVM classifier is quite

Doi: 10.24012/dumf.1001901 satisfactory.
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Introduction

The key causes for the degradation and depletion of
plants/crops, both quality, and quantity-wise, are plant
diseases [1]. Bacteria, fungi, and viruses are the primary
cause of plant diseases, and these diseases can be detected
by monitoring the leave, stem, or fruit section of the plant.
It is very difficult for farmers to identify plant diseases
without professional knowledge; farmers face many
difficulties in the detection/identification of different plant
diseases. It is important to have the expertise, information
of crops, their different diseases as well as prevention
measures, to make the right choices, and to choose the right
efficient protection measures for the diagnosis and
treatment. Previously identification and tracking of plant
diseases were performed manually with the assistance of
specialists in this area, this method of diagnosis of plant
diseases is time-consuming, less effective. The
identification of such diseases makes it possible for farmers
to manage them correctly to improve agricultural
productivity. A fully automated disease detection approach
for plants is a vital subject of research because of its
advantages, such as tracking huge field crops and
identifying disease signs faster than any modifications on
the plant. [2].

The most common method to detect plant diseases is image
processing in the agriculture field. The main goal of image
processing is to enhance the image of the plants. Multiple
features are extracted from the enhanced image for further
processing. Plant leaves are usually the first source of most
plant diseases that can be identified. Effective image
processing techniques can automatically identify plant
diseases [3]. The detection of plant diseases by image
processing is not a simple job because of the immense
different possibilities for plant image such as noise, instance
scale, color, form, etc. Normally, all methods used in this
field contain two steps. Prominent features are extracted
from the input images of the leaves in the first step, several
researchers suggested various methods of extraction to
extract features based on data mining, such as intra- and
inter-block dependencies for Markov features, color-level
features, texture features etc. A special classifier is used in
the second step, which classifies the images as healthy or
diseased images. Many machine learning methods can be
used in this phase such as K-nearest neighbor (KNN) and
support vector machine (SVM) [4].

Recent advancements in machine learning research
presently perform efficient detection of plant disease from
raw images. Currently, deep learning methods are
performing better in literature especially in image
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processing. Deep learning-based models are based on
neural networks. The main feature of the deep learning-
based model is it extracts the features automatically. There
are multiple neural networks such as CNN, RNN, FNN,
ANN etc.

In recent years, CNN and RNN are extensively used in
image processing especially for image classification. The
hybrid model is introduced in [6] for the extraction of
contextual information of plant leaves by using CNN. In [7]
the authors used different pre-trained CNN models on the
leaf’s dataset. The findings of this study indicate that CNN
is highly efficient to detect plant leaves diseases.

Pepper cultivations are one of the major crops in South
Asia. One of South Asia's most remunerative farming
industries is the production of pepper. The most widely
consumed spice in the world is black pepper. The success
of this crop is reported in the areas where the temperature is
around 15-40 C [8]. Many Deep Learning models have
lately been developed to evaluate various forms of plant
diseases, but relatively limited work has been undertaken to
detect plant diseases. It is very important to detect the
disease timely to prevent further loss. This study uses deep
learning methods to detect the disease in pepper plants.
Further, the proposed model is using a DarkNet to detect the
disease in pepper plant leaves. The DarkNet is an open-
source neural network framework that provides extensive
usability in deep learning models.

Literature Review

In this section, we will discuss some of the major studies
that are present in the literature to detect plant diseases. In
the literature, different machine learning and deep learning
methods are used. For convenience, we can categorize the
literature into two sections.

e Machine Learning Methods: Multiple machine learning
methods have been used in the literature to detect plant
diseases such as KNN, SVM, Decision trees, etc.

e Deep Learning Methods: The deep learning methods
used in plant disease detection are CNN, RNN, ANN
etc.

Machine Learning Methods

Yan-Cheng Zhang & et al [9] proposed a fuzzy selection
method on the cotton leaves. The features for this approach
were selected by using fuzzy feature selection. The
proposed method is divided into two steps. In the first step,
the important features are automatically isolated by FC by
ignoring the unnecessary features. The second step involves
the fuzzy surface to obtain dependent features. This
approach is used to reduce the dimensionality of the data for
practical implementations.

Shiv Ram Dubey & et al [10] proposed the K-Means
clustering approach on the apple fruit for image
segmentation. After that, the feature extraction on
segmented images is done by Support Vector Machines.
The mentioned approach is practically implemented and
achieved accuracy up to 93%.

Godliver Owomugisha & et al [11] proposed a machine
learning-based application that detects crop disease by
capturing an image from the smartphone. The proposed
system classifies the plants into 5 categories. The categories
are numbered from 1-5 depending on the severity levels of
the plants. The number 1 represents the healthy plant and 5
represents the diseased plant. Moreover, they have used
multiple feature extraction methods to compare the
performance of the model. The main goal of this study was
to capture an image of the cassava plant and upload it to the
server. The farmers can see the score of the plant from their
smartphones.

A. Meunkaewjinda & et al [12] proposed different artificial
intelligence techniques to diagnose the grape leaf disease.
The proposed work is divided into three categories; i) pre-
processing using color segmentation ii) grape leaf disease
segmentation iii) classification and analysis of the disease
present on the leaves. Support Vector Machine is used for
the classification. Three classes are created in this research;
scab disease, rust disease, and no disease.

M. Ravindra Naik & et al [13] used SVM to classify the
images of the plants whether it is affected by disease or not.
Moreover, the genetic algorithm is used for image
segmentation. The neural network classifier is used for
classification. The proposed model is tested on the banana,
jackfruit, and lemon.

Deep Learning Methods

B. Liu et al proposed a deep CNN model to detect the four
types of apple leaf diseases. The dataset comprised around
1100 images and was enriched by using some digital image
processing techniques. The proposed model was comprised
of a modified Alex-net model. The result of this study was
compared with other CNN models such as Google Net and
Res-Net-20 and the proposed model achieved accuracy up
to 97.5% [14].

DeChant et al used a pipeline of CNN to detect the disease
in the maize crop. The proposed method used multiple
CNNs to classify the different regions of the leaf. After
analyzing the different regions, the results are combined in
the form of heat maps as an input to the final CNN for
classification purposes. The dataset consisted of around
1796 images and the accuracy of the model was around
96.7% [15].

Ma et al proposed a deep convolutional neural network
along with different classifiers such as Random Forest,
Support Vector Machines to detect the disease in the
cucumber. The dataset was collected from the Plant Village
dataset, Internet websites, and other sources. Different
augmentation techniques are used in this dataset. This
model achieved the highest accuracy up to 94% compared
to other models in the literature [16].

Lu et al proposed a CNN network to detect the ten different
diseases in the rice plant. The deep CNN with multiple
pooling strategies is used for disease detection. The dataset
used in this research comprises 500 images of healthy and
unhealthy rice plant leaves. The proposed model was
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compared with traditional machine learning methods and
achieved the highest accuracy up to 95.48% [17].

Sladojevic et al proposed a CNN model to detect the
diseases in different crops. The proposed model recognized
13 different types of diseases from multiple crops. The
dataset was collected from different internet sources. The
overall accuracy for the proposed model was 96.3% [18].

Saleem et al extensively discussed deep learning models
used to identify various plant diseases. They have compared
a number of commonly known CNN models over the plant
disease features [19].

Deep Features and Learning Model

In the study, a total of 2475 images of pepper leaves with
1478 healthy and 997 bacterial disease, which are among
the widely known PlantVillage datasets, have been used.
The dataset occupies a total of 23.6MB in memory. Each
image data is in color, gray, segmented JPEG format (see
Figure 1). The size of the images has been re-adjusted to the
256x256px size to match the input of the network. The
image given below is a snippet of the raw data-set. Within

Under the concept of deep learning, a deep feature is the
consistent response of a unit in the hierarchical model to an
input. Convolutional Neural Networks (CNN) have
multiple hidden layers and convolution core layers that
deepen the network architecture [22, 23]. Features extracted
from a CNN network are called "deep features." Deep
features are the properties of the data obtained by passing it
through a multi-layered artificial neural network and
subjecting it to convolution processes. This answer
contributes to the decision of the model. Unlike traditional
feature extraction methods, deep features are obtained from
fully connected layers of convolutional neural networks and
can be used directly. On the other hand, deep features have
been used in many researches and applications instead of
features prepared by hand recently. Studies have proven
that powerful features can be extracted using deep learning
for operations such as object recognition and tracking.
Thanks to these attributes, high success has been achieved
in many applications such as object recognition,
classification or tracking.

Figure 2. Sample healthy (top) and diseased (bottom) pepper leaves images

the scope of the study, the following data were given as
input to the network (CNN model) in gray level, color level,
and segmented forms. Segmentation [20, 21] may provide
better feature characterization by omitting redundant image
information from the image. Figure 2 shows healthy and
diseased leaf images.

Figure ” Color, gr;ly and semented leaf samples
(Diseased-top and Healthy-bottom)

<

DarkNet-19 model, which is a pre-trained convolutional
neural network, has been used in this study. It is a new
generation network that has been developed recently. This
architecture has a 19-layer network structure and 256x256
sized images are given as input to the network. It is a
convolutional neural network model developed on the basis
of YOLOvV2. Like the VGG model, it usually operates with
a 3x3 filter. It increases the number of channels to two after
each pooling step. It uses 1x1 filters to compress the global
average pooling and feature representation to make
prediction in the network. The DarkNET exhibits
remarkable performance on the real time object detection.
The network handles the object detection as a simple
regression problem compare to commonly known CNNS.

In the study, the SoftMAX classifier in the last layer of the
network has been removed and the naive bayes, the support
vector machine, the nearest neighbor and decision tree
classifiers have been replaced with it. The features obtained
from the fully connected layer have been given directly to
these classifiers. Classifiers have been used with their
default parameters and no optimization has been made.
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Raw images, gray-level images and color-level segmented
images in the data-set were given separately to the pre-
trained DarkNET-19 network. Performance results have
been obtained as a total of 9 test results for all three data and

Convolution Layers

Iy —

Dataset ~

using all three classifiers. The overall proposed model is
given in the following Figure 3.

Fully Connected Layers

—>3 DeepFeatures —3 | Classifiers

Pre-tramed CNN Model
Figure 3. The overall structure of the learning model

The Softmax classifier used in the last layer of the deep
learning network is the most basic/primitive classifier
known in the literature. The Softmax activation function
simply provides normalizing the outputs by converting a
number vector to a probability vector. Therefore, four
different advanced classifiers have been used instead of
SoftMax classifier. These classifiers are Gaussian based
Naive Bayes, Linear Support Vector Machine, K-Nearest
Neighbor and Decision Trees. The utilized classifiers are
commonly known methods in the literature. Beside the
classifiers, Principal Component Analysis (PCA) method
has been used to reduce the dimension of the features. The
PCA has been utilized after feature extraction process is
completed in the last layer (the classification) of the
network. By using it classification process has been made
faster. Since the required time to process features decreased
because of dimension reduction.

Experiments

The hardware utilized for the experiments has a 6th
generation 17 CPU, 8GB RAM, 2GB GTX750 GPU, and
240GB SSD HDD. Experiments have been performed with
MATLAB (2020a) environment. The gray-level, color-
level and segmented images in the data-set have been given
separately to the input of pre-trained DarkNET-19 network.
Performance results four classifiers were used for each of
the three data sets. For each classifier, observation was
made when the PCA was active / inactive. Finally, a total of
24 test results were obtained. The Table 1 demonstrates the
feature extraction time on the processed data.

Table 1 Feature extraction time

CNN Model Feature  Feature Acquiring
Number Time
DarkNet-19 1000 382,865

Gaussian Naive Bayes (Gaussian NB), Linear Support
Vector Machine (Linear SVM), K-Nearest Neighbor
(KNN) and Decision Tree (DT) classifiers have been used
in the experiments. These classifiers are applied to all of the

features and to a certain part of the features reduced using
the Principal Component Analysis (PCA).

Performance metrics used in the study are given in equation
(1), (2), (3) and (4). The overall classification performance
on the data is expressed with the accuracy (Acc.) metric.
The success of finding negative samples in the data is
expressed with the precision (Pre.) metric. The success of
finding positive samples in the data is expressed with the
sensitivity (Sen.) metric. Finally, the harmonic mean of the
precision and sensitivity metrics are found with the F-Score
metric. This metric is mainly used to avoid making an
incorrect model selection in non-uniform data sets.

Accuracy = P+ TN 1)
TP + FP+ FN + TN

Precision = TNT—-FFP (2

Sensitivity = TP':_—PFN 3)

F — score = % 4)

In the Table 2 below, the complexity matrices and
performance metrics obtained by using four different
classifiers of the features obtained with the gray level data
set are given. In addition, the dimensionality of the data has
been reduced by PCA method and re-classified in each
classification method. When the obtained results have been
examined, the highest accuracy has been obtained with the
Linear SVM classifier as 93.5%. The second and third
highest accuracies have been observed with Linear SVM +
PCA and KNN classifiers as 93.1% and 90.5%,
respectively. As a result of dimensionality reduction with
PCA, the Linear SVM classifier still performed remarkably.
On the other hand, it has been determined that the use of
PCA significantly has reduced performance in other
classifiers. The highest scores in terms of accuracy,
precision and sensitivity have been also obtained with the
linear SVM classifier.
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Table 1 Classification results of gray-level data based on DarkNET-19 features

CNN Model TP FP FN TN Acc. Pre. Sen. F-Score  Time
Gaussian NB 812 180 185 1298 853% 0,88 0,82 0,82 11,22s
Gaussian NB+PCA 695 232 302 1246 784% 080 0,75 0,72 17,34s
Linear SVM 899 62 98 1416 935% 0,94 0,94 0,92 25,18s
Linear SVM + PCA 880 55 117 1423 931% 0,92 0,94 0,91 20,935
K-NN. 786 25 211 1453 905% 0,87 0,97 0,87 42,57s
K-NN. + PCA 335 0 662 1478 73,3% 0,69 1,00 0,50 19,91s
DT 755 190 242 1288 825% 0,84 0,80 0,78 19,59s
DT + PCA 699 164 298 1314 813% 0,82 0,81 0,75 18,84s

In the Table 3 below, the complexity matrices and
performance metrics obtained by using four different
classifiers of the features obtained with the color-level data
set are given. The dimensionality of the data has been
reduced by PCA method and re-classified in each
classification method. The highest accuracy has been
obtained with the Linear SVM classifier as 98.8%. The
second and third highest accuracies have been observed
with Linear SVM + PCA and KNN classifiers as 98.3% and

93.7%, respectively. As a result of dimensionality reduction
with PCA, the Linear SVM classifier still performed
remarkably. On the other hand, it has been determined that
the use of PCA significantly has reduced performance in
other classifiers. The highest scores in terms of accuracy
and precision the linear SVM classifier is outperformed
other classifiers and the highest sensitivity metric value has
observed with KNN classifier.

Table 3 Classification results of color-level data based on DarkNET-19 features

CNN Model TP FP FN TN Acc. Pre. Sen. F-Score  Time
Gaussian NB 877 123 120 1355 902% 0,92 0,88 0,88 9,92s
Gaussian NB+PCA 782 180 215 1298 84,0% 0,86 0,81 0,80 17,38s
Linear SVM 976 8 21 1470 98,8% 0,99 0,99 0,99 11,92s
Linear SVM + PCA 962 8 35 1470  98,3% 0,98 0,99 0,98 18,35s
K-NN. 844 2 153 1476 93,7% 0,91 1,00 0,92 39,465
K-NN. + PCA 338 0 659 1478 734% 0,69 1,00 0,51 19,64s
DT 869 99 128 1379 90,8% 0,92 0,90 0,88 17,99s
DT + PCA 788 141 209 1337 859% 0,86 0,85 0,82 18,38s

In the Table 4 below, the complexity matrices and
performance metrics obtained by using four different
classifiers of the features obtained with the color-level data
set are given. The dimensionality of the data has been
reduced by PCA method and re-classified in each
classification method. The highest accuracy has been
obtained with the Linear SVM classifier as 97.7%. The
second and third highest accuracies have been observed
with Linear SVM + PCA and KNN classifiers as 97.5% and

91.1%, respectively. As a result of dimensionality reduction
with PCA, the Linear SVM classifier still performed
remarkably. On the other hand, it has been determined that
the use of PCA significantly has reduced performance in
other classifiers. The highest scores in terms of accuracy
and precision the linear SVM classifier is outperformed
other classifiers and the highest sensitivity metric value has
observed with KNN classifier.

Table 4 Classification results of segmented data based on DarkNET-19 features

CNN Model TP FP FN TN Acc. Pre. Sen. F-Score  Time
Gaussian NB 834 157 163 1321 87,1% 0,89 0,84 0,84 10,97s
GaussianNB+PCA 731 199 266 1279 812% 0,83 0,79 0,76 19,99s
Linear SVM 957 16 40 1462 97,7% 0,97 0,98 0,97 16,565
Linear SVM + PCA 946 10 51 1468 975% 0,97 0,99 0,97 19,43s
K-NN. 779 3 218 1475 91,1% 0,87 1,00 0,88 40,93s
K-NN. + PCA 304 1 693 1477 72,0% 0,68 1,00 0,47 19,43s
DT 837 119 160 1359 88,7% 0,89 0,88 0,86 20,01s
DT + PCA 770 130 227 1348 856% 0,86 0,86 0,81 19,46s
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The accuracy performances of the classifiers have been
graphically demonstrated for the three (gray, color and
segmented) dataset in Figure 4. Ultimately, the best
performance has been acquired about 98,8% on color
dataset. The second and third best accuracy performances
have been observed on color level image dataset with 98,3%
and segmented image dataset with 93,7%, respectively.

Accuracy Performance

m Gray Level Color Level Segmented
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Figure 4. Comparing classifier performances

Conclusion

In this study, DarkNET-19 pre-trained CNN model has
been utilized as feature extractor. The utilized data consists
of 2475 images of pepper leaves (1478 healthy and 997
bacterial disease). The dataset consists of gray-level, color-
level and segmented images of the same leaf data. The
features have been acquired from the last fully connected
layer of the CNN model. There are four different classifiers
utilized as final layer instead of the softmax classifier. The
features have been classified with enabling PCA and
disabling PCA. It has been determined that the best
classifying accuracy was realized with Linear SVM
classifier as 98,8% on the features acquired from the color-
level images. The highest performance has been observed
with linear SVM for all three case (gray, color and
segmented). The remaining classifiers have also
demonstrated promising performance. It should be noted
that there are no optimization or performance enhancing
like feature selection, transfer learning or feature fusion.
The computer-assisted systems are very useful to identify
the class of an object. We have proposed a simple and
effective approach to identify the bacterial disease on the
pepper leaves. In future, we plan to apply transfer learning
and future fusion to enhance and accelerate the existing
methods.
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Konusmada duygu tanima Ingilizce adiyla Speech emotion recognition (SER), duygularin konusma
sinyalleri araciligiyla taninmasi islemidir. Insanlar, iletisiminin dogal bir parcasi olarak bu islemi verimli
bir sekilde yerine getirebilse de programlanabilir cihazlar kullanarak duygu tanima islemi hali hazirda
devam eden bir ¢aligma alanidir. Makinelerin de duygular1 algilamasi, onlarmn insan gibi gériinmesini ve
davranmasini saglayacagindan dolayi, konusmada duygu tanima, insan-bilgisayar etkilesiminin
gelismesinde onemli bir rol oynar. Gegtigimiz on y1l igerisinde ¢esitli SER teknikleri gelistirilmistir, ancak
sorun heniiz tam olarak ¢oziilmemistir. Bu makale, Evrisimsel Sinir Ag1 (Convolutional neural networks
-CNN) ve Uzun-Kisa Siireli Bellek (Long Short Term Memory-LSTM) olmak iizere iki derin 6grenme
mimarisinin birlesimine dayanan bir konusmada duygu tanima teknigi onermektedir. CNN lokal 6znitelik
se¢iminde etkinligini gosterirken, LSTM biiyiik metinlerin sirali islenmesinde biiyiik basar1 gostermistir.
Onerilen Evrisimsel LSTM (Convolutional LSTM — Co-LSTM) yaklasimu, insan-makine iletisiminde
etkili bir otomatik duygu algilama yéntemi olusturmayi amaclamaktadir. ilk olarak, Mel Frekans
Kepstrum Katsayilart (Mel Frequency Cepstral Coefficient- MFCC) kullanilarak onerilen yontemde
konusma sinyalinden bir goriintiisel 6znitelikler matrisi ¢ikarilir ve ardindan bu matris bir boyuta indigenir.
Sonrasinda modelin egitimi i¢in 6znitelik segme ve siniflandirma yontemi olarak Co-LSTM kullanilir.
Deneysel analizler, konusmanin sekiz duygusunun tamamimnin RAVDESS (Ryerson Audio-Visual
Database of Emotional Speech and Song) ve TESS (Toronto Emotional Speech Set) veri tabanlarindan
smiflandirilmast tizerine yapilmistir. MFCC Spektrogram 6znitelikleri kullanilarak Co-LSTM ile %86,7
dogruluk orami elde edilmistir. Elde edilen sonuglar, Onceki c¢aligmalar ve diger iyi bilinen
simiflandiricilarla  karsilagtirildiginda  Onerilen algoritmanin  etkinligini ikna edici bir sekilde
kanitlamaktadir.
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* Sorumlu Yazar

Speech emotion recognition (SER) is the task of recognizing emotions from speech signals. While people
are capable of performing this task efficiently as a natural aspect of speech communication, it is still a
work in progress to automate it using programmable devices. Speech emotion recognition plays an
important role in the development of human-computer interaction since adding emotions to machines
makes them appear and act in a human-like manner. Various SER techniques have been developed over
the last few decades, but the problem has not yet been completely solved. This paper proposes a speech
emotion recognition technique based on the hybrid of two deep learning architectures namely
Convolutional Neural Network (CNN) and Long Short Term Memory (LSTM). Deep CNN has
demonstrated its effectiveness in local feature selection, whereas LSTM has shown great success in the
sequential processing of large texts. The proposed Convolutional LSTM (Co-LSTM) approach aims to
create an efficient automatic method of emotion detection in human-machine communication. In the
suggested method, Mel Frequency Cepstral Coefficient (MFCC) is used to extract a matrix of spectral
features from the speech signal and afterward is converted to 1-dimensional (1D) array. Then, Co-LSTM
is employed as a feature selection and classification method to learn the model for emotion recognition.
The experimental analyses were carried out on the classification of all the eight emotions of the speech
from RAVDESS (Ryerson Audio-Visual Database of Emotional Speech and Song) and TESS (Toronto
Emotional Speech Set) databases. An accuracy of 86.7% was achieved with Co-LSTM using MFCC
Spectrogram features. The obtained results convincingly prove the effectiveness of the proposed algorithm
when compared to the previous works and other well-known classifiers.
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Giris

Birlesmis Milletler'in bir raporuna gére [1], artan insan
niifusu ile birlikte oniimiizdeki bes y1l igerisinde insanlar,
gevresindeki bireylerden ziyade sesli asistanlar etkilesime
girecek. Giinliikk etkilesimlerimizde Aple Siri, Cortana,
Amazon Alexa ve Google Asistan gibi Sanal Kisisel
Asistanlarm  (Virtual — Personal  Assistants-  VPA)
yayginlagmasiyla, sorularimizi yanitlama ve taleplerimizi
hizli ve dogru bir sekilde yerine getirme roliinii
iistleniyorlar. Bu asistanlar komutlarimizi anlasalar da ruh
halimizi tanima ve buna gore tepki verme konusunda
yeterince yetkin degiller. Bu nedenle, bu asistanlarin
yeteneklerini artirabilecek ve tiim endiistride devrim
yaratabilecek verimli bir duygu tanima sistemi gelistirmek
onemlidir [2]. Ayrica duygu tanima sistemlerinin egitim
[3], saglik [4][5], giivenlik [6] gibi bir¢ok alanda farkl
amaglarla kullanilabilmesi bu konuda yapilan ¢aligmalarin
sayisinda 6énemli bir artisa neden olmustur [7].

Duygu kelimesi canlilarin bir olaya veya nesneye verdigi
tepki olarak degerlendirilebilir. Duygularin makineler
yardimu ile tespit edilmesini duygu analizi baslig1 altinda
toplamak miimkiindiir. Duygu analizi metin [8], ses [9],
video [10], konusma [11], Yiiz ifade [12] ve beyin sinyal
(ElektroEnsefaloGrafi- EEG) [13] wverileri {zerinde
yapilabilmektedir. Caligmanin da ana konusu olan ses
verilerinden duygu analizi en basit haliyle, alinan
sinyallerin bir 6n isleme isleminden gecirilmesi, bu
sinyallerin bazi 6znitelik ¢ikarim metotlar1 ile 6zniteliklerin
elde edilmesi, ¢ikarilan ozniteliklerin makine 6grenmesi
[14] veyahut derin 6grenme [15][16] algoritmalar ile
modellenmesi ve ardindan bu model ile ses dosyalarinin
analizi seklinde 6zetlenebilir.

Sinyalden ¢ikarilan Oznitelikler dort farkli kategoride
gruplandirilabilir ve bu kategoriler akustik, dilsel,
baglamsal bilgi ve farkli Oznitelik kiimelerinin
birlesiminden elde edilen hibrit Oznitelikler olarak
gruplandirtlir.  Akustik  Oznitelikler perde, formant
frekanslar1, enerji, entropy, sifir gecis oran1 (zero crossing
rate), Mel frekansi kepstrum katsayis1 (Mel Frequency
Cepstral Coefficient- MFCC) [17], dogrusal tahmin
katsayilar1 (Linear Prediction Coefficients- LPC), gii¢
spektral yogunlugu (Power Spectral Density- PSD),
Chroma gibi ¢esitli Oznitelikler i¢ermektedir [16]. Bu
oznitelikler ses verilerinden anlam ¢ikarmak igin kullanilan
Ozniteliklerdir.  Bu  ¢alismada MFCC  Ozniteligi
kullanilmistir.

Bu alanda mevcut olan zorluklardan bahsetmek gerekirse
kullanilacak veri seti igerisinde aktarilmak istenen
duygularin net ve dogru bir sekilde yansitildigi veri
setlerinin elde edilmesidir. Bu zorluk goéze almarak
aragtirmalar i¢in gecerli goriilmiis ve gliniimiizde poptiler
olan veri setleri the Ryerson Audio-Visual Database of
Emotional Speech and Song (RAVDESS) [18], Toronto
Emotional Epeech Set (TESS) [19], a Database of German
motional peech (EmoDB) [20] gibi hazir veri setleri
veyahut bu alan iizerinde arastirmalar yapan insanlarin
kendilerinin  olusturdugu veri setleri giliniimiizdeki
caligmalarda kullanilabilmektedir.

Bir bagka zorluk da bu veri setlerinin birlikte kullanimini
saglamak. Her veri seti kendine has bir sekilde dosyalari
etiketlemekte ve bu veri setlerinden iki veyahut daha
fazlasmi kullanmak istedigimizde bu veri setlerinin
etiketlerini birlikte kullanima uygun hale getirmek
gerekmektedir. Ayni zamanda bir diger zorluk da hangi
duygularin hangi ses 6znitelikleri iizerinde etkili oldugunun
tespiti yas ve cinsiyet dahil olmak iizere sesteki bireysel
farkliliklardan dolay1 zorluk olusturmaktadir [21].

Ilgili Calismalar

Ses verilerinden duygu tahmini literatiirde 6nemli bir yer
edinmis bir ¢alisma alanidir. Canalys'e gore, akilli hoparlor
kurulu sayis1 2020'de 225 milyona ve 2022'de 320 milyona
yaklasacak. Amazon Echo ve Google Home cihazlarmin
ABD'nin %50'sinden fazlasinda bulundugu diisiiniiliiyor.
Juniper Research'e gore ise 2022 yilina kadar hane halki ve
sesli asistanlara yapilan kiiresel reklam harcamalar1 ayni y1l
19 milyar dolara ulasacak [22]. Giin gectik¢e insanlarin
hayatinda yer eden yapay zeka sistemleri ile birlikte sesli
asistanlar ve duygu analizi de bu gelismeler ile birlikte daha
da 6nem kazanmustir.

Duygularin ses dosyalart ile analizi ile alakali literatiirde bu
alanda ¢ok sayida c¢ahisma yapilmustir [2], [11],
[23][24][25]. Bu g¢alismalar neticesinde farkli metotlar ve
farkli veri setleri ile birgok sonu¢ elde edilmistir. Ses
verilerinin de spektrogramlara doniistiiklerinde bir resim
dosyasina benzer bir sekilde iki boyutlu matrise doniismesi
bu verilerin iki boyutlu 6grenme modelleri iizerinde de
calismalarini saglamistir.

Issa ve digerleri [11], 8 farkl1 duyguyu iceren RAVDESS
veri seti kullanilarak sesin MFCC, Chromagram, Mel,
Contrast, Tonnetz gibi 6znitelikleir kullanilarak 1 boyutlu
Evrisimsel Sinir Ag1 (Convolutional Neural Network-
CNN) algoritmasi egitimiyle %71,61 dogruluk orani elde
etmisler [11]. Bu 6zniteliklerin disinda Log-Mel, MFCC,
perde ve enerji gibi Oznitelikler dikkate alinarak bu
Ozniteliklerin Uzun-Kisa Siireli Bellek (Long Short Term
Memory- LSTM), CNN, Gizli Markov Modelleri (Hidden
Markov Model- HMM) ve Derin Sinir Aglar1 (Deep Neural
Network- DNN) gibi farkli 6grenme algoritmalari
uygulanarak kargilagtirildigi bir makalede de Log-Mel
Spektrogrami  Oznitelikleri kullanilarak 4 katmanli 2
boyutlu CNN ile %68 dogruluk elde edilmistir [2].

CNN’nin mimarilerinden biri olan VGG-16 modeli de bu
tarz veri setlerinde kullanilmistir. Mel spektrogrami ve
VGG-16 mimarisi kullanilarak %71 oraninda dogruluk elde
edilebildigi gozlemlenmistir [23].

2005 yilinda yaymlanan, RAVDESS veriseti gibi igerisinde
etiketli ses dosyalarmi barindiran bagka veri seti olan
EmoDB iizerinde Hibrit DNN ve HMM kullanilarak
%77,92 oraninda bir dogruluk orani elde edilmistir [24].
RAVDESS veri seti ses dosyalarinin diginda video verileri
de igermekte. Bu verilerin hepsinin ses dosyasina
doniistiiriilmesi ve bunlarin MFCC 6zniteliklerinin bir
boyutlu CNN ile egitilmesi sonucu %91 F1 skoru (F1 score)
saglamak miimkiindiir [25].
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Bu calismada yapildig: gibi CNN ve LSTM derin 6grenme
algoritmalarinin  birlikte  kullanildigi ~ Srnekler de
bulunmaktadir. 2020 yilinda yayinlanan ve Berlin EmoDB
iizerinde yapilan CNN+LSTM caligmast sonucunda %63
oraninda bir dogruluk oranina erisilmistir [26].

Materyal ve Metot
Veri kiimeleri

Veri kiimesi olarak konusma ve sarki i¢eren ses dosyalari
RAVDESS veri kiimesi ve bununla birlikte TESS veri
kiimesi kullanildi.

RAVDESS [18] veri kiimesi igerisinde 24 seslendirme
sanatgist ve her birine ait 60 konusma kaydi, 44 sarki kaydi
(23. seslendirme sanatgisinin sarki kaydi bulunmakta)
bulunup toplamda 2452 kayit igermektedir. 12’si kadin,
12’si erkekten olusan bu seslendirme sanatgilari, Kuzey
Amerika aksam1 ile Ingilizce olan 2 ciimleyi
seslendirmektedirler. Bu veri seti sakin, mutlu, {izgiin,
kizgin, korkulu, sagirmis ve tiksinmis duygu hallerini iginde
bulundurur (7 sinif etiketi).

2452 ses dosyanin her birinin benzersiz bir dosya adi vardir.
Her dosya ad1 kisa ¢izgi ile ayrilan toplamda 7 kisimdan (&r.
03-01-06-01-02-01-12.wav) olusur. Biitiin kisimlarin
kendine ait farkli anlamlari vardir. Bu kisimlari soldan saga
bicimde sirastyla tanimlamak gerekirse;

1. Dosya tipi (01 = Video ve Ses, 02 = yalnizca video, 03 =
yalnizca ses)

2. Soyleme Tarz1 (01 = konusma, 02 = sarki)

3. Duygu (01 = nétr, 02 = sakin, 03 = mutlu, 04 = {izgiin, 05
= kizgin, 06 = korkulu, 07 = igrenmis, 08 = sagirmis)

4. Duygusal yogunluk (01 = normal, 02 = gii¢lii).

5. Cimle (01 = "Kids are talking by the door", 02 = "Dogs
are sitting by the door")

6. Tekrar (01 = 1. tekrar, 02 = 2. tekrar)

7. Seslendirme Sanatci (01'den 24'e kadar. Tek numaralilar
erkek, ¢ift numaralilar kadin seslendirme sanatgcilari)

Modelde kullanilan ikinci veri seti, konusma tabanli duygu
tanima alaninda arastirmacilar tarafindan yaygin olarak
kullanilan Toronto Emotional Speech Set (TESS)'dir [19].
Toplamda 2800 adet ses dosyasi igeren TESS, 26 ve 64
yaslarinda  iki farkli ses sanatgisinimn  Ingilizce
konusmalarindan olugsmaktadir. Her iki ses sanatgisi da
Toronto bdlgesinde yasayan, ana dili Ingilizce olan,
iniversite ve miizik egitimi almis insanlardir. Bu 2800
verinin toplaminda 1 saat 36 dakikalik bir veri seti elde
ederiz. RAVDESS veri kiimesine nazaran 7 adet duygu
igermektedir. Bunlar mutlu, lizgiin, kizgin, tiksinmis, nétr,
sasirmig ve korkulu olma durumlarmi kapsamaktadir.
RAVDESS veri kiimesinden farkli olarak dosya isimleri
anlamli sayilar ile kodlanmamistir. Bunun yerine dosya
isminde ses sanatgisinin cinsiyeti, ses dosyasinda verdigi
duygular yer almaktadir.

Bu calismada iki veri seti birlikte kullanildig i¢in ilk i bu
veri setlerini birlikte kullanima hazir hale getirmektir. Bu
islemi yerine getirdikten sonra kullanilan RAVDESS+
TESS veri seti tizerinde birtakim iglemler uygulanarak sesin
MFCC bznitelikleri cikarilmustir. Ilaveten Tablo 1, her
duygu i¢in toplam 6rnek sayisini gostermektedir.

Tablo 1'den, RAVDESS+TESS veri kiimesinin dengeli
(balanced) oldugu sonucuna varilabilir.

Tablo 1. Toplam numune sayisi [27]

Duygu simifi | TESS | RAVDESS | TESS+RAVDESS
Notr 200 90 290
Sakin 201 185 386
Mutlu 400 185 585
Uzgiin 398 185 583
Kizgin 399 186 584
Korkulu 399 186 584
[grenmis 399 186 584
Sagirmis 400 186 586
Oznitelik Cikarimi

CNN tabanli modellere 6znitelik ¢ikarimi yapilmadan
verilen sinyallerden elde edilen 6zniteliklerin modelin
performans: iizerinde etkisinin az oldugu gézlemlenmistir
[28]. MFCC, insan isitme algilarma dayanmaktadir.
Insanlar, 1Khz iizerindeki frekanslar1 mevcut duyular: ile
lineer olarak algilayamazlar [29]. Buradan yola ¢ikarak bir
ses 0zelligi olan MFCC, insanlarin algiladiklar seslerin bir
ozellige dokiimiinii ortaya koymustur.
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Sekil 1. Bir ses dosyasimnin MFCC ile goriiniimii

Bu 6znitelikler ile birlikte ses dosyast ayni bir resim dosyasi
gibi spektrogramlar yardimu ile iki boyutlu bir matrise
donistiiriiliir. Bu sayede ses makine dgrenmesi ve derin
6grenme algoritmalarina hazir hale getirilir.

MFCC 6znitelik ¢ikarimi istenildigi takdirde bir boyutlu bir
veriye de indirgenebilir. Bu indirgeme islemi hali hazirda
iki boyutlu matris olan MFCC’nin dikey olarak degerlerinin
ortalamasimi almmasiyla saglanmaktadir. Bu islem
kullanilan donanim iizerindeki yiikii azaltacagi gibi
dogruluk oraninda da etkisi olacaktir. Bahsedilen yontem
performans faktéri g6z oOniinde bulundurularak, bu
caligmada kullanildi.
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Ayrica insan konugmasi i¢in daha uygun oldugu
gerekgesiyle yiiksek ve algak geciren filtreler MFCC
Ozniteligi olusturulurken 30Khz ve 2700Khz arasindaki
veriler dikkate alindi [23]. Bu ¢aligmanin uygulamasi
python programlama dili ile yazilmis ve bu islem icin
Librosa [30] kiitiiphanesi kullanilmistir. Ses verilerinden
Oznitelik ¢ikarimi esnasinda yiliksek ve alcak geciren
filtreler uygulanmigtr.

Verilerin egitim ve test olarak ayrilmasi

Olusturulan modelin 6grenmesi i¢in veriler belirli oranlarda
boliiniir. Bunlardan bir kism1 6grenmek igin ve kalan kismi
da 6grendiklerini test etmek iizerine olur. Bu ¢alismada da
kullanilan yiizdelik ayirma (Bekletme ¢apraz dogrulama-
Holdout cross valdation) [31]-[33] metodu bu amaca
hizmet etmektedir. Veriler bu metod yardimiyla yiizde 80
oraninda dgrenme verisi, yiizde 20 oraninda test verisi
olmak {izere X ve Y verileri kendi icerisinde 2 farkli gruba
ayrildi

Bunu yapmaktaki amag¢ 6grenme veri setiyle egittigimiz
veriyi tekrar test etmek icin kullanildiginda, modelin
basarisinin  6lgiilmesi  dogru sonuglar vermeyecektir.
Modelin daha once karsilasmadigi bir veri kiimesine
modele verdigimiz zaman, modelin 6grenme basarisinin
Olciimii gergege yakin bir sonug verecektir.

CNN

Literatiirde de goriildiigii gibi ¢ok sayida cok katmanli
algilayic1 (Multi-Layer Perceptron- MLP)[34], CNN [35],
LSTM [36] gibi derin 6grenme algoritmalar1 veya rastgele
orman (Random Forest- RF) [37], karar agaci (Decision
Tree- DT) [38], destek vektér makinesi (Support Vector
Machine- SVM) [39][40], k-en yakin komsu (K-nearest
Neighbor- KNN)[41] gibi makine 6grenme yontemleri
duygu analizi caligmalarinda kullanilmistir. CNN en
popiiler yapay sinir ag (YSA) tabanli modellerinden biridir.
YSA, bir insanin beyninde bulunan bilgiyi isleme sekli g6z
oniine alinarak gelistirilmis olan bir tekniktir ve yapay zeka
problemlerini matematik ve istatistikten yardim alarak
¢ozmektedir. Bu c¢alismada olusturulan modelin ilk
kisminda indirgenmis olan tek boyutlu MFCC O6znitelik
vektorii input olarak CNN modele verilmistir.

Convolution

Fully connected

Frequency [kHz]

(Input) L1
(Output)

Sekil 2. Ornek bir CNN [9]

CNN genel olarak evrisim katmani, ortaklama katmani ve
tam bagli katmanmi olmak {iizere 3 ayr1 katmandan
olugmaktadir. Yillar boyunca yapilan ¢esitli arastirma ve
uygulamalardan sonra bu alanla ilgilenen insanlar bu
modeli farkli veri tirleri, farkli veri setleri tiizerinde

denedikge CNN modellerini de genel yapiy1 bozmayacak
sekilde farkli mimariler olusturarak iyilestirmeye ¢alistilar.
Bunun iizerine LeNet, AlexNet, VGG, GoogLeNet, ResNet
gibi birgok mimari literatiire kazandirilmis oldu.

LSTM

LSTM, derin 6grenme alaninda kullanilan bir tekrarlayan
sinir ag1 (Recurrent Neural Network- RNN) mimarisidir.
RNN mimarilerinde bulunan ve diger mimarilere gore
farkli oldugu en temel konu hatirlayabilmesidir. Bir sonraki
adim igin verilen girdiler arasinda bir iligki ararlar ve bu
girdiler igerisinde bulduklari iligkileri hatirlarlar. Kendi
icinde bulunan yenilemeli yapist ve sonucu bir sonraki
girdiye aktarmasi sayesinde tekrarlayan sinir ag1
mimarilerinde hatirlama denilen olay yapay sinir agi
cercevesinde gergeklesir [42].

Bir RNN mimarisi olan LSTM, bu mimarilerdeki
sorunlardan biri olan Kaybolan Gradyan Inisi (Vanishing
Gradient Descent) problemini ¢6zmeyi amaglamistir.
Vanishing Gradient Descent problemi, normalde biiytik
farkliliklar bulunan girdilerin aktivasyon fonksiyonlari
sonrasinda ufak deger araliklarma indirgenmesiyle,
bunlarin gittikge sifira yaklagmasi ve model tarafindan
algilanamamasi, dolayisiyla da iyi bir 6grenilememesine
sebep olur. LSTM bu problemi yapisinda bulundurdugu
hiicre durumu ve unutma, girdi, ¢ikti kapilartyla
¢ozmektedir. Bu nedenle, LSTM modelleri iyi performans
gosteriyorlar.

Onerilen Co-LSTM

Evrisimsel LSTM (Convolutional LSTM- Co-LSTM) [43]
modeli iki 6nemli derin 6grenme mimarisi olan LSTM ve
CNN birlesiminden meydana gelmis bir mimaridir. CNN
ile detaylica ¢ikarilan 6zniteliklerin, LSTM algoritmasimin
veriyi iliskilendirme ve hatirlama/unutma mekanizmasiyla
birlesmesi bu mimaride 6nemli rol oynamaktadir. Co-
LSTM [43], sosyal medyada bulunan biiyiik veriden duygu
analizi yapmayi amaglayan metin verilerinde, sikca
kullanilan Naive Bayes (NB) algorimasima gore ¢ok daha
iyi bir dogruluk oran1 yakalamistir. Bu ¢alismada, konusma
duygu tanima i¢in Onerilen Co-LSTM'nin performansi
incelenmistir. Onerilen yontemin adimlar1 ve yapis1 sekil 3
ve sekil 4°te sirastyla gosterilmigtir.

Arastirma Sonuclari ve Tartism
Gergeklestirim

Bu calismada MFCC ses 6zniteligi kullanilmistir. MFCC
ses Ozniteliginin sayisi hem kullanilan donanim nedeniyle
hem de literatiirde sik¢a bu degerin kullanildigindan dolay1
40 olarak belirlenmistir. Olusturmay1 planladigimiz yapida
kullanilan evrisimli katmanlarin (Convolution layers)
performans ve basarim agisindan diigliniilerek 1 boyutlu
olmasi gerektigine karar verildi. Bu yapinin en baginda yer
alan bir boyutlu CNN (1 Dimensional CNN- 1D CNN)
icerisinde her biri sirasiyla 128, 256, 256 ve 512 filtreden
ayrica ¢ekirdek boyutu (kernel size) 3 olan dort evrisimli
katman kullanilmigtir. Evrisimli katmana ek olarak
Dogrultulmusg Lineer Birim (Rectified Linear Unit- ReLU)
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aktivasyon fonksiyonu uygulanmis ve ardindan bu katmana
y1gin normallestirme isleminden gegirilmistir.

Bu islemler bahsi gegen dort katmana da uygulanmistir
Ortaklama katmanlarinin  (pooling layers), Oznitelik
sayimizin 40 olmasi ve ortaklama katmanlar1 kullanilarak
bu saymin ¢ok kii¢iik sayilara inmesi bunun sonucunda da
basarmin diismesi nedeniyle bu modelde kullanilmamasina
kanaat getirilmistir. CNN’ 1 tanimladiktan sonra yapiya
LSTM algoritmas1 da dahil edildi. LSTM algoritmasi
olusturulan bu yapida 2 katmandan olugmakta.

Speech signal
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egitim verileri:

RAVDESS+TESS
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ormitelik pikarma
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Sekil 3. Onerilen duygu tanima modelinde derin dgrenme

adimlarinim sematik diyagrami ( [44] den uyarlandi)
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Giris Katmani girdi [ »40, 1)]
cikti [C , 40, 1)]
irdi ,40,1
1B Evrisimli Katman ElE ¢ )
cikt ( , 40, 128)
irdi , 40, 128
Yigin Normallestirme g ¢ )
cikti ( , 40, 128)
ReLU Aktivasyon girdi | ( , 40, 128)
Fonksiyonu okt | (40, 128)
irdi | ( , 40, 128)
1B Evrisimli Katman g
cikti ( , 40, 256)
irdi ( , 40, 256
Yigin Normallestirme g )
cikti ( , 40, 256)
ReLU Aktivasyon girdi | ( , 40, 256)
Fonksiyonu cikt ( 40, 256)
irdi , 40, 256
1B Evrisimli Katman giral { )
cikti ( , 40, 256)
irdi , 40, 256
Yigin Normallestirme g ¢ )
cikt ( , 40, 256)
ReLU Aktivasyon | girdi | ( , 40, 256)
Fonksivonu cikti ( 40, 256)
irdi , 40, 256
1B Evrisimli Katman grat ( )
cikt ( , 40, 512)
irdi , 40, 512
Yigin Normallestirme g ( )
cikti ( , 40, 512)
RelLU Aktivasyon girdi | ( , 40, 512)
Fonksivonu cikti ( 40, 512)
girdi ¢ , 40, 512)
LSTM
cikti ( , 40, 256)
Seyreltme girdi_ | ( » 40, 256)
cikt ( , 40, 256)
girdi | ( , 40, 256)
LSTM
cikti ( , 40, 128)
Seyreltme girdi ( , 40, 128)
cikt ( , 40, 128)
irdi ,40, 128
Duzlestirme gidt ¢ )
cikti ( , 5120)
Yogun katman girdi ( ,5120)
(Cikis Katmani) | ikt C , 8)

Sekil 4. Bu ¢aligmada olusturulan Co-LSTM yapist




DUJE (Dicle University Journal of Engineering) 12:4 (2021) Sayfa 581-589

Bu iki katman da igerisinde 256 birim barindirmaktadir. Ve
her bir LSTM katmaninin ardindan 0,1 oraninda bir
seyreltme (dropout)  katmani eklenmistir. Verimizi
diizlestirme (flatten) isleminden sonra elde edilen vektorii
sadece ¢ikti katmani olarak smiflandirma yapilmasi i¢in
veri setinin duygularinin sayist olan 8 birimlik bir tam
baglantili katman (Fully Connected Layer) kullanilmigtir.
Bu tam baglantili katman ¢ikis katmani oldugu i¢in Softmax
aktivasyon fonksiyonu kullanilmistir.

Optimizasyon algoritmas: olarak 2019 yilinda yaymlanan
ve diger optimizasyon algoritmalarina nazaran statik
ogrenme orani (learning rate) almayan, Adam optimizasyon
algoritmas1 kadar hizli ve Olasiliksal Dereceli Azalma
(Stochastic Gradient Descent- SGD) kadar iyi bir
optimizasyon algoritmasi oldugunu iddia eden AdaBound
[45] optimasyon algoritmasi kullanildi. AdaBound tek bir
O0grenme orani almak yerine iki adet 6grenme orani alarak
mevcut yapitya bu iki oran arasinda bir optimizasyon
uygular.

Co-LSTM’yi egitmek igin belirli bir numune sayist (batch
size) secilmemistir, mevcut olan varsayilan (default viaue)
ile egitim tamamlanmistir. Ayrica model i¢in 50 tur (epoch)
sayist belirlenmistir. Bunun nedenini 50. tur sonrasinda
kayip fonksiyonumuzdaki artis dogruluk oranimizdaki
sabitlik olarak agiklanabilir. Ayrica, sinir aglarin1 optimize
etmek icin seyrek kategorik ¢apraz entropi (sparse
categorical cross entropy) bir kayip fonksiyon (loss
function) olarak tercih edilmistir Son olarak MFCC ile
Ozniteliklerine ayirdigimiz verileri ve bunlarin etiketi olan
8 ayr1 duyguya gore bir model olusturulmak istenmistir.

Olusturulan modelin basarisini  6lgmek igin  kesinlik
(precission), duyarlilik (recall), F1 skoru ve dogruluk orant
(accuracy  score)  [46][47] gibi  degerlendirme
parametrelerine  bakilmaktadir. Co-LSTM  modelin
uygulamalar1 python derin 6grenme kiitliphanesi Keras ile
yapilmigtir. Ayrica, bir python kiitiiphanesi olan Sklearn,
makine 6grenme modelleri gelistirmek ve degerlendirme
parametrelerinin hesaplanmak i¢in kullanilmistir.

Derin bir mimari i¢in 6grenme orani, dropout, katman say1si
vb. gibi hiperparametrelerin secilmesi ¢ok Onemlidir.
Hiperparametre optimizasyonunun amaci, derin agin
performansini bagimsiz bir veri setinde iyilestirmektir [16].
Deneylerimizde, hiperparametreleri optimize etmek i¢in
Onerilen Co-LSTM’de rastgele arama (random search)
metodu uygulanmistir [48].

Performans degerlendirme ve karsilastirma

Bu ¢alismada ¢esitli 6grenme algoritmalart denenerek
mevcut ses veri setinin MFCC ile 6znitelikleri ¢ikarilip, 8
farkli smiflandiricida  test edilerek ¢esitli  sonuglar
alimmigtir. Bu sonuglar Tablo 2 de gosterilmektedir. Bu
tabloda var olan tiim 6grenme algoritmalarina 1zgara arama
tabanli parametre iyilestirme iglemleri uygulanarak (grid
search based-hyberparameter tuning) alinabilecek en
yiksek dogruluk oranlar1 alinmaya calisildi. 40 adet
Oznitelik igceren ¢ok kisitli bir 6znitelik kiimemiz olmasina
ragmen tim smiflandiricilarin %60 degeri {izerinde
degerler dogruluk oranlar1 aldig1 gézlemlenmistir. Buradan

yola ¢ikarak birlestirmis oldugumuz iki veri kiimesinin
birbiriyle uyumlu oldugu sdylenebilir. Bu tablodaki
degerlendirme parametrelerine bakildig1 zaman en basarili
sonucun  %86,7 ile Co-LSTM derin &grenme
algoritmasinda oldugu goziikmektedir. Bu ise bize Co-
LSTM o6grenme algoritmasinin metin verilerinde oldugu
kadar ses verilerinde de duygu tahmini i¢in basarili oldugu
varsayimma  ulastirabilir. Co-LSTM  algoritmasinin
ardindan gelen algoritmaya baktigimizda SVM geldigi
goriilmektedir. SVM parametre iyilestirme islemi sirasinda
parametrelere gore verdigi dogruluk oranlari gz oniinde
bulunduruldugunda bu algoritmanin mevcut veri seti igin
¢ekirdegin Radyal Temelli Fonksiyon (Radial basis
function- RBF) oldugu, marjinin dar oldugu ve dagilim
genisgliginin genis oldugu durumlarda dogruluk oraninin
arttigl gézlemlenmistir.

Literatiirdeki benzer calismalar ile Onerilen yOntemin
Oznitelikleri ve dogruluk oranlar1 Tablo 3 de gdsterilmistir.
Literatiirdeki benzer ¢alismalar géz Oniine alindiginda
olusturulan modelin kisith bir 6znitelik kiimesi ile
herhangi bir 6znitelik se¢im algoritmasina tabii olmadan
bu sonucu elde etmis olmasi modelin bu veri seti igin
uygun oldugunu géstermektedir.

Tablo 2. Modellerin, RAVDESS+TESS veri setinde
MFCC 6zniteligi kullanilarak elde ettikleri degerlendirme
parametreleri

Model | Kesinlik | Duyarlilik SkFolru D‘f:;i;‘k
DT 06232 | 06232 | 06233 | 06233
MLP 07589 | 07145 | 07150 | 0.7117
KNN 08125 | 08106 | 0.8100 | 0.8106
RF 08473 | 08372 | 0.8384 | 08372
SVM 08566 | 0.8553 | 0.8555 | 0.8553
LSTM 07859 | 07792 | 07802 | 0.7792
1IDCNN | 0.8200 | 08192 | 08187 | 0.8192
"C‘;ei‘sl% 0.8698 | 0.8677 | 0.8682 | 0.8677
Deneysel sonuglar, Onerilen ydntemimizin alti son

teknoloji yaklagiminin besinden daha yiiksek siiflandirma
dogrulugu elde ettigini gostermektedir. Onerilen Co-
LSTM yonteminin dogrulugu Ref. [19] tekniginden biraz
daha diisiik olmasina ragmen, Co-LSTM daha basittir ve
Ref. [19]'dan daha diisiik zaman karmasikligina sahiptir.
Bunun nedeni, Ref. [19] modelinin yapisinda ¢esitli 6zellik
¢ikarma yontemlerini ve parcacik siiriisii optimizasyonu
(Partcile  swarm  Optimization -PSO)  stratejisini
kullanmasidir.
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Tablo 3. Co-LSTM ve son teknoloji yontemler (state-of-art methods) arasindaki karsilagtirmanin sonuglari

Calisma Veri Seti Oznitelik Metod D()(‘)g:::ll:k
Aldeneh ve Provost (2017) [49] RAVDESS Mel Spektrogrami | CNN (VGG-16) 0.7100
Darekar ve Dhande (2018) [50] RAVDESS MFCC, NMF, Pitch | ANN & PSO-FF 0.8870
Bhavan ve digerleri (2019) [51] RAVDESS MFCC Baggffdse\r;‘:‘\jmb'e 0.7569
Mekruksavanich ve digerleri (2020) [52] RA;/E[;I;SS MFCC DCNN 8;2?2
Keesing ve digerleri (2020) [53] TESS Mel Spektrogrami CNN (2D) 0.5510
Tangriberganov ve digerleri (2020) [26] EmoDB _ Co-LSTM 0.6370
Mustageem ve Kwon (2020) [35] RAVDESS | Ust diizey ozellikler | DSCPSIMdE CNN |5 o)
(DSCNN)

Singh ve digerleri (2021)[54] RAVDESS MFCC CNN (1D) 0.8293
Onerilen Co-LSTM RAVDESS+TESS MFCC Co-LSTM 0.8677

Sonug¢

Duygu Analiz sistemleri canlilarin seslerinden, yiiz
ifadelerinden veya yazdiklari iizerinden duygularinin
analizi ve tahminlenmesini amaglamaktadir. Bu
calismadaki konu olan ses verilerinden duygu analizi
islemini gerceklestirebilmek icin bu seslerden g¢esitli
Ozniteliklerin ¢ikarilmasi ve bunlardan sistem i¢in anlamli
olanlarinin sisteme dahil edilmesi gerekmektedir.

Bu ¢aligmada, Adabound optimizasyon fonksiyonun, CNN
ile LSTM birlikte ¢alismasinin bir iiriinii olan Co-LSTM
mimarisinin ses verileri {izerinde duygu analizi igin ortaya
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Introduction

With the development of technology, global electricity
energy demand is growing [1-3]. Digitized world gives
more importance to electrical energy, storage of generated
energy and sustainable energy technologies. Among of the
sustainable and environmentally friendly renewable
energy sources, the most preferred problem-free, unlimited
and modular source is solar energy. The desired amount of
electrical energy can be generated from solar energy by
means of solar photovoltaic panels. Since solar panels are
modular, solar panels can be combined modularly as much
as the amount of electrical energy needed and the desired
power level can be easily reached. Modularity is one of the
most important advantages of solar energy source

As in developed countries in the world, there is an intense
interest in electricity energy generation from solar energy
in developing countries. Industrialists desire to invest in
the solar energy sector. In this context, the installed
electricity energy generation power plants that generate
electricity from solar energy capacity is approximately 7
GW in Turkey [4]. However, considering the solar
radiation value of Turkey, the duration of sunshine and the
advantages of being under the sun zone, installed power is
at much lower levels in Turkey. Germany, have lower

potential although it has installed solar power up to 50
GW.

The cost of electricity generation from solar energy has
been decreasing rapidly in the last two decades. The rapid
development in solar energy technologies and the
increasing demand in the world provided an increase in
production and played an important role in reducing costs.
With the increasing production, thousands of solar panel
manufacturers operate in the world. There are many solar
panel manufacturers in the world. Panel manufacturers
around the world offer an average of ten years of physical
warranty for panels and a twenty-five year warranty for
generation performance as standard. Generally, this
generation performance is promised as 90% at the end of
the tenth year and 80% at the end of the twenty-fifth year
following the production of the panel. This is due to the
aging of the solar panel over the years. Solar panels are
exposed to aging over the years following production, and
accordingly, electrical energy generation begins to decline.
There are many studies on photovoltaic plants. These
papers examine potential and efficiencies of photovoltaic
plants. One of them is [5] in order to evaluate potential of
Sanliurfa, the annual energy generation values of rooftop
photovoltaic panels were calculated by authors. Three
different photovoltaic panel technologies are evaluated for
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the calculations. Other one [6] is related with utilization of
a sun-tracking parabolic dish collector for water heating
application under the climatic conditions of Diyarbakir.
These and other similar studies have addressed the
capacities and performances of photovoltaic power plants.

In this study, panel aging situation of the grid connected
roof mounted solar power plant is discussed and examined
as detailed. The plant is a 25,74 kWp grid-connected
rooftop solar power plant, and 156 units of 165 W BP
solar brand BP 3165 model photovoltaic panels and 3 units
of 8 kW SMA brand Sunny Mini Central 8000TL model
inverters are used. No revision has been made in the plant
so far. It was installed in year of 2008 and has been in
operation for about 13 years. This solar power plant is
located in the city of Aerzen, Lower Saxony state of
Germany. It was also simulated and modeled in order to
compare the analyses. The modeled solar power plant
generation data and the experimentally produced data were
compared as detailed. Model success was also analyzed.

Selected Location Information of Solar Power Plant

Aerzen is a municipality in the German state of Lower
Saxony. Its population is 10,556 as of December 31, 2017.
Area; It is 105.06 km? and its altitude value is 173 m [7].
The image of the selected location is presented in Figure 1.
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Figure 1. Image of the selected location for the certain
solar power plant [8]

The photovoltaic power potential atlas of Germany is
shown in Figure 2. As can be seen from the figure, the
regions with the highest solar energy potential are around
Munich and Stuttgart. The potential here is approximately
1.200 kWh/kWp. The chosen location has a potential of
approximately 1.020 kWh/kWp.

SOLAR RESOURCE MAP
PHOTOVOLTAIC POWER POTENTIAL
GERMANY

e

@ WORLD BANK GROUP

ESMAP D
we e

G5 'Hambgrg

Oldenburg, ..
_JBremen
L Hanover

o

::::::

Long term average of PVOUT, period 1994-2018
Daily totals 26 28 3.0 32 34

= KWh/kWp
Yearlytotals: 949 1022 1095 1168 1241

Figure 2. Photovoltaic power potential atlas of Germany
[l

Simulation Analysis and Results for Selected Solar
Power Plant

With the photovoltaic geographical information system
organized by the European Union, the solar power plant in
the city of Aerzen, Lower Saxony, Germany, was modeled
in its current state [10]. The input and output information
of the modeling are presented in Table 1. In the same way
as the installed power plant, the photovoltaic installed
power was chosen as 25.74 kWp in the modeling. Crystal
silicon was chosen as the panel type and simulation data
was loaded as a fixed system. Effective losses such as
system losses and environmental factors were entered into
the simulation as 19.67%. According to the obtained
results, it is expected to generate 24.468,45 kWh of
electrical energy annually. In addition, the estimated
radiation values related to the location are presented in
Table 1.
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Figure 3. Selected location for PVGIS simulation

Table 1. Simulation data of modeling

Simulation Data

Location [Latitude/Longitude]: 52.049, 9.263
Horizon: Calculated
Data System Used: PVGIS-
SARAH
Panel Technology: Crystal
Silicon
Installed Power [kKWp]: 25,74
System Loss [%]: 14
Simulation Outputs:
Tilt Angle: 35
Azimuth Angle: 0
Annual PV Energy Production [KWh]: 24.468,45
Annual Planar Radiation [kWh/m2]: 1.183,32
Year-to-Year Variability [kWh]: 1.257,98
Other Losses:
Reflection Losses [%6]: -3,1
Spectral Effects [%0]: 1,85
Temperature and Environmental -5,35
Losses [%]:
Total Loss [%6]: -19,67

As a result of the simulation values entry given in Table 1,
the variation of the production distribution by months is
presented in detail in Figure 4. According to the
production estimation, the highest generation on a yearly
basis is July with 3,156 kWh, while the lowest generation
is December with a production value of 577 kWh.
Especially in months of May, June, July and August, the
production values remained at a good level with the long
sunshine periods. Total annual production estimate of
24.468,45 kWh was obtained as a result of simulation.

3,128.383,125.51 3.156.15.
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Figure 4. Electrical energy generation according to the
monthly distribution as a result of the simulation

Experimental Analysis and Results for Selected Solar
Power Plant

Experimental data of the solar power plant located in the
city of Aerzen, Lower Saxony state of Germany, are
presented in detail in this section. This solar power plant is
installed on 07.04.2008. It is a power plant that has been in
operation for about 13 years. BP Solar BP 3165 type solar
panels are used in the power plant. The electrical
properties and physical parameters of panel Isc, Voc, FF
etc. are presented in Table 2. Experimental data of the
power plant were obtained from Sunny Portal as open
access. In Figure 5, the production distribution of the
experimentally existing power plant by months is given in
detail [11]. 156 pieces of 165 W solar panels are used in
the power plant and its total installed power is 25,740
kWp. 3 Sunny Mini Central 8000TL type solar inverters
are used. AC power is 24 kWe.

Table 2. Electrical characteristics of BP Solar BP 3165
type solar panel

Panel Power (Pmax) 165 W
Voltage Value (Vmp) 352V
Current Value (Imp) 4,7 A

Short Circuit Current (Isc) 51A

Open Circuit Voltage (Voc) 442V
Temperature Coefficient (Isc) (0.065+0.015)%/°C
Temperature Coefficient (Voc) -(160£20)mV/°C

Temperature Coefficient (Pmax) -(0.5£0.05)%/°C
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Figure 5. Distribution of electrical energy production
of experimentally existing power plant by months
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Experimentally, the electrical energy generation
distribution of the existing power plant by years is shown
in Figure 6. There is a lack of data for 6-7 months in 2008,
2 months in 2017 and 3 months in 2018, and based on the
years when the data is not missing, it is seen that the
annual production average is generally 22.000 kWh —
23.000 kWh. While 23.527 kWh of electrical energy was
produced in 2009, 25.192 kWh of electricity was produced
in 2011, 23.843 kWh in 2015, 23.723 kWh in 2019 and
23.820 kWh in 2020.

The variation in annual climate data remains limited to
5%. The effect of climate change over the years on aging
can be distinguished. In an unimproved power plant, the
generation data is sufficient for the assessment of aging.
The most important indicator of aging is loss of
production. No change is foreseen for the physical
parameters of the panel.

Energy Generation (kWh)
- § 8 § 8 8§ §

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Months

Figure 6. Electrical Energy Generation Distribution of
Experimentally Existing Power Plant by Years

Discussion and Conclusion

In this study, a solar power plant that has been in operation
for approximately 13 years within the boundaries of a
municipality in Aerzen, Lower Saxony, Germany, is
analyzed in detail. At the same time, this plant is modeled
numerically at the specified location and features. The
modeling results and the existing power plant data in
production overlap very well. This situation shows that the
model is successful in implementation.

The aging of the panels is related to the temperature to
which they are exposed. For the location where the study
was carried out as experimental and simulation; the
average annual maximum temperature is: 14.0° Celsius
(57.2° Fahrenheit). The average annual minimum
temperature is: 6.0° Celsius (42.8° Fahrenheit) [12]. The
aging of the panels was slow as the annual average
Temperature was low. Measured production values show
that aging is low. It is known that panel aging occurs as
long as the solar panels are in operation after their
production. In the technical specifications of the panel,
whose electrical data are presented in Table 2 and used in
the facility, a minimum of 90% electrical energy
performance is guaranteed at the end of 10 years and 80%

at the end of 25 years. It has been clearly observed that the
production of these panels, which have completed about
13 years, is in a better position than guaranteed.

According to the results obtained; although it is a solar
power plant that has been in operation for about 13 years,
the aging effect of the panels has not been observed
clearly. The amount of electrical energy produced in 2009
and the amount of electrical energy produced in 2020 are
very close to each other. Although there are significant
differences in electricity generation on a monthly basis,
annual production values are approximately close to each
other. Although there are many scientific studies on panel
aging, long-term measurement-based data are not available
in the scientific literature. 13 years of actual measurement
data is important for photovoltaic solar energy systems.

As a result; while there may be differences in the panel
brands, the expected rapid aging did not occur in this panel
used. Although the panels have been in operation for
approximately 13 years, a very low level of panel aging
has occurred.
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It is evident that the rapid development in science and technology has enabled various electronic devices
and communication systems. However, there are also undesired effects of those devices on human health.
One of those effects is the electromagnetic fields that exceeds the limits. Therefore, the electromagnetic
fields emitted by the devices should not exceed a certain level. In that respect, different institutions around
the world have determined the certain limits. One of the most important of these organizations in the world
is the International Commission on Non-lonizing Radiation Protection (ICNIRP). Similar to the other
existing organizations, the Information and Communication Technologies Authority (BTK) is the
responsible authority in Turkey. In this study, electric field intensity values were measured using the drive
test method with the Selective Radiation Meter (SRM-3006) device on the main streets in Diyarbakir City
Center. Obtained measurement values were shown on dot thematic maps, two-dimensional maps and three-
dimensional maps. As a result, locations with the highest electric field intensity were determined by these
maps. In addition, the obtained results were compared with the limit values determined by ICNIRP and
BTK and it was seen that the measured electric field intensity values did not exceed the exposure limits.

Introduction

Mobile devices have become an indispensable part of our
lives due to the communication age we are living in. As a
result, the communication network and infrastructure in
cities has gradually expanded especially with the
development of 2™, 3 and 4™ generation communication
systems. Electromagnetic waves are the most important
component of mobile communication systems that

In 2015, a study was conducted [4] by measurements with
the drive test method using BTK approved devices in
order to create electromagnetic field maps in the 100 KHz
— 3 GHz frequency range of Balikesir city center and
Balikesir University Cagis Campus. Then, the measured
values were compared with national and international
electromagnetic field (EMF) exposure limit values. As a
result, it was determined that the limit values were not
exceeded.

surround the living spaces. Although those waves are not

ionizing, it may pose a certain threat on human healt if it
exceeds certain values. Therefore, certain limits are
determined by organizations such as ICNIRP [1] and
BTK [2]. In Turkey, many studies have been performed
in order to examine the relevance of the electric field
intensity with the limit values in the city center or

residential areas.

In another work, Cansiz [5] measured RF EMF exposure
levels of FM, TV3, TV4-5, GSM 900, GSM 1800 and
UMTS bands on the main roads in Diyarbakir City Center
with the drive test method with SRM 3006 and a three-
axis antenna in 2016. Using the data obtained,
electromagnetic pollution level was mapped in Diyarbakir
city center. In addition, it has been determined that the
obtained electric field intensity values are below the limit

In the study conducted by Cansiz [3] in 2010 , NBM 520 values announced by national and international

wide band electromagnetic field meter device belonging

to Narda company for

electromagnetic field measurement and EHP-50C electric
and magnetic field meter device belonging to Narda
company for use in low frequency electromagnetic field
measurement were used to carry out mobile and manual
measurements in Diyabakir city center. The data obtained
as a result of the study were shown on the digital satellite
map and then compared with the reference limits accepted

by ICNIRP.

- g organizations.
in high frequency
The examples can be expanded further. For example,

unlike the previously listed studies 60 measurements at 46
different points in the city center of Sinop for 30 days with
the Extech 480836 device was also carried out, which
covers the frequency range of 50-3500 Mhz and performs
broadband measurement [6]. The measurement points are
shown on the map and the electromagnetic pollution map
is revealed according to the obtained values. It has been
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determined that the obtained values are not above the limit
values reported by BTK.

In another study [7], carried out in 2019, electric field
intensity measurements were performed at 19 different
points in Marmara University Bagsibiiyiikk Campus by
using SRM 3006 device to analyze electromagnetic field
pollution in different weather conditions. It has been
determined that the data obtained in the measurements are
below the limit values announced by national and
international organizations.

In the study conducted by Memisoglu [8] in 2019,
electromagnetic field intensity values in kindergartens in
the city center of Rize were determined by using the SRM
3006 device and a three-axis antenna. The results of the
measurements made at different times of the day in 22
different kindergartens were presented with tables and
graphs and compared with the limit values announced by
the BTK. As a result of the comparison, it was seen that
the determined limit values were not exceeded. In
addition, recommendations are also included in the study
to avoid exposure to electromagnetic field pollution.

In 2020, measurements at 11 different points at 4 different
times in the center of Begpinar town of Demirdzii district
of Bayburt province and around the town was also
performed by using the SRM-3006 device [9]. Although
sometimes high values are found in the measurements, it
has been reported that the limit values determined by
national and international institutions are not exceeded.

In this study, the electric field intensity values at 27 MHz
— 3000 MHz frequency range and some important bands
that between this frequency range such as FM, TV,
LTE800, 2G, LTE1800, 3G, LTE2100, WLAN, LTE2600
were measured using the drive test method on the route
determined in Diyarbakir city center. Measurements were
made using the Narda SRM 3006 device [10]. These data,
which were transferred to the computer environment later,
were converted thanks to the Matlab software [11] into txt
file format that includes Iatitude, longitude of
measurement points and instantaneous maximum electric
field intensity values for use in the Mapinfo program [12].
The txt files uploaded to the Maplinfo program were
processed and the electric field intensity at 27 MHz —
3000 MHz, FM, TV, LTE 800, 2G, LTE 1800, 3G, LTE
2100, WLAN, LTE 2600 bands on the measurement route
in Diyarbakir city center visualized and presented using
dot thematic map, 2D and 3D maps. In this way,
according to the frequency range, where and what values
of the electric field intensity in Diyarbakir were seen.

Material and Methods

Mobile measurements were carried out using the drive test
method between 15:30 and 18:30 on 14.04.2021 in the
city center of Diyarbakir. Maximum instantaneous
electric field intensity values were measured at a total of
797 points by measuring once in 6 seconds while moving
at a speed of 40 km per hour with the mobile measurement
car on the measurement route. Using the SRM-3006
device and a three-axis antenna, the total electric field in
the 27 MHz — 3 GHz frequency range, as well as the
electric field values in the FM, TV, LTE 800, 2G, LTE
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1800, 3G, LTE 2100, WLAN, LTE 2600 bands, were also
measured and recorded separately. The SRM-3006
device, produced by Narda company, is a measuring
device for safety analysis and environmental
measurements of high-frequency electromagnetic fields
in the 9 kHz to 6 GHz frequency range. The SRM-3006
measurement system consists of a single axis or triaxial
antenna and the SRM-3006 main unit. In the mobile
measurements we made in Diyarbakir city center, an
antenna capable of measuring three-axis E-field and
measuring in the frequency range of 27 MHz - 3 GHz was
used. The SRM-3006 device and triaxial antenna used in
mobile measurements are shown in Figure 1.

Figure 1. SRM-3006 device and triaxial antenna.

In order to carry out mobile measurements, the three-axis
electric field antenna was mounted on the car thanks to a
special vacuum. A 1.5 meter long connecting cable was
used to connect the SRM main unit and the triaxial
antenna. The mobile measurement setup is shown in
Figure 2.

Figure 2. Mobile measurement car.

Results and Discussion

The recorded 797 measurement values were transferred to
the computer environment via the Narda 3006 SRM Tools
software. The obtained data were tabulated as latitude,
longitude and maximum electric field value by using
Matlab software and uploaded to the Mapinfo program as
a txt file. Using the data uploaded to the Maplinfo
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program, the route, dot thematic map on the route, 2D
maps and 3D maps were created in the city center of
Diyarbakir. Figure 3 shows the measurement route in
Diyarbakir city center.

The measurement route shown in red in Figure 3 is
determined by considering the main roads, the busiest
boulevards and streets in the city center of Diyarbakir.
Each red dot represents the locations where the
measurement is performed. The measured bands with the

Sur district

drive test method in Diyarbakir City Center, the number ' : i &u e
of measurements made for each band, the frequency
ranges of the bands and the measured highest and average Figure 3. Routes and points where electric field intensity
values of electric field intensity and standard deviation of measurements are made in Diyarbakir city center.
the electric field intensity distribution are shown in Table
1.
Table 1. Measured EMF bands and frequency ranges in Diyarbakir City Center
Service Name ~ Number of Min. Frq. Max. Frq. Max. E. Avg. E. Standard
Measurements (MHz) (MHz) (VIm) (Vim) Deviation

FM 797 88 108 4.648 0.2903 0.6342

TV 797 470 790 1.686 0.2026 0.2626

LTE 800 797 791 821 3.766246 0.5507 0.4952

2G 797 935,1 1820 4.562419 0.7053 0.5997

LTE 1800 797 1820,1 1879,9 3.962747 0.6395 0.5007

3G 797 2110 2160 4.96885 0.8489 0.5552

LTE 2100 797 2160 2170 4.135 0.1848 0.2547

WLAN 797 2400 2483 0.1973 0.1447 0.0151

LTE 2600 797 2620 2670 3.194840 0.3803 0.3352

Total E Field 797 27 3000 6.943 1.7824 1.0084
As seen in Table 1, the highest electric field intensity i “‘ " 57 o o
value among FM, TV, LTES00, 2G, LTE1800, 3G, S P . O
LTE2100, WLAN, LTE2600 bands was recorded as 5 S0 B :Z;;::‘ a2

4.96885 V/m in the 3G band in the measurements made
in Diyarbakir city center. The lowest value among all
bands is 0.1973 V/m, which is the highest value of the
WLAN band. The highest electric field intensity value in
27 MHz — 3000 MHz was measured as 6.943 VV/m. These
values were measured at different coordinates on the
measurement route. These values and the electric field
intensity values in other locations where measurements
were made were visually shown in three different ways as
dot thematic map, 2D map and 3D map on the Google
Map satellite image of Diyarbakir city by using the
Mapinfo program. Thus, the electric field intensity
distribution of the measured frequency bands can be
clearly seen on maps. Figure 4 shows electric field
intensity distribution at FM band which covers 88 MHz —
108 MHz frequency range.
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Figure 4. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the FM band in Diyarbakir city
center

In the above figures, the locations with the highest
electric field intensity in the FM band are shown in red.
As the figure demonstrates, the red region is concentrated
in a certain region which is caused by the FM
receiver/transmitter station on the region named
Talaytepe. The electric field intensity in the FM band
decreases to a great extent as moving away from the
station.

In Figure 5, the electric field intensity distribution
measured in the TV frequency band that is between 470
MHz - 790 MHz is shown on the maps.
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Figure 5. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the TV band in Diyarbakir city
center

It is seen that the electric field intensity is concentrated
on Talaytepe hill in the TV band as it is in the FM band.

Figure 6 shows the electric field intensity of the LTE800
band which is between 791 MHz — 821 MHz frequency.
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Figure 6. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the LTE800 band in
Diyarbakir city center

According to the maps in Figure 6, it is seen that the
electric field intensity in the LTE800 band is especially
concentrated on Mahabad boulevard, Urfa street and
Gazi street in Sur district. This is largely due to the base
stations on these streets due to the human population.

Figure 7 shows the electric field intensity of the 2G band
which is between 935.1 MHz — 1820 MHz.
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Figure 7. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the 2G band in Diyarbakir city
center

According to Figure 7, the electric field intensity in the
2G band is especially concentrated in Seyrantepe district,
Turgut Ozal boulevard, Mahabad boulevard and Gazi
street.

The maps that show electric field intensity distribution of
the LTE1800 band which is between 1820,1 MHz —
1879,9 MHz frequency range are presented in Figure 8.
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Figure 8. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the LTE1800 band in
Diyarbakir city center

According to Figure 8, the electric field intensity in the
LTE1800 band is especially concentrated on Mahabad
boulevard, Urfa street, Seyrantepe district and Gazi
street.

Figure 9 shows electric field intensity distribution maps
of the 3G band that is between 2110 MHz — 2160 MHz
frequency range.
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Figure 9. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the 3G band in Diyarbakir city
center

As seen in Figure 9, the electric field intensity in the 3G
band is especially concentrated in Mahabad boulevard
and Gazi street.

Electric field intensity distribution maps of the LTE2100
band covering the 2160 MHz — 2170 MHz frequency
range are as shown in Figure 10.
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Figure 10. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the LTE2100 band in
Diyarbakir city center

As seen in Figure 10, the electric field intensity in the
LTE2100 band has a relatively uniform distribution.
Measured peak value was measured as 3.194840 V/m in
Sur district. Standard deviation of the distribution was
calculated as 0.2547.

Electric field intensity distribution maps of the WLAN
band covering the 2400 MHz — 2483 MHz frequency
range are shown in Figure 11.
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Figure 11. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the WLAN band in Diyarbakir
city center

WLAN is a computer network that enables one or more
devices to be connected to each other by wireless
communication. Since it works with less power than
mobile communication systems, the electric field
intensity it causes is lower. As seen in Figure 11, the
electric field intensity in the WLAN band shows a more
homogeneous distribution on the measurement route.
Therefore, as presented in Table 1, the maximum electric
field intensity is lowest in WLAN and the standard
deviation is quite low, at 0.0151.
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Electric field intensity distribution maps of the LTE2600
band that is between 2620 MHz — 2670 MHz frequency
range are shown in Figure 12.
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Figure 12. Dot thematic map (a), 2D map (b), 3D map (c)
of electric field intensity in the LTE2600 band in
Diyarbakir city center

As seen in Figure 12, the electric field intensity in the
LTE2600 band is especially concentrated in Urfa street
and Mahabad boulevard. Measured maximum electric
field intensity is 3.194840 VV/m and standard deviation of
the distribution is 0.3352.

Electric field intensity distribution maps of the Total band
covering the 27 MHz — 3000 MHz frequency range are
shown in Figure 13.
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Figure 13. Dot thematic map (a), 2D map (b), 3D map (c)
of the total electric field intensity in Diyarbakir city center

As seen in Figure 13, the electric field intensity in the 27
MHz — 3000 MHz frequency range is concentrated in
Talaytepe, Mahabad boulevard and Gazi street. In
addition, there are concentrated points on Urfa Street and
Seyrantepe district. When compared with other bands,
the standard deviation is the highest with a value of
1.0084. The reason of this is that while the electric field
intensity is higher in certain places, the electric field
intensity is lower in other places. Especially in the 2D
map in Figure 13b and the 3D map in Figure 13c, the
regions where the electric field intensity is highly
concentrated are clearly seen.

Conclusion

This paper investigates the electric field intensity values
that have been measured by the drive test method using
the SRM-3006 device in the city center of Diyarbakir.
Mobile measurements were carried out at 797 points on
the determined route. The measurements were carried out
on the busy streets of the city center and during peak hours
of human activity. Electric field intensity values in FM,
TV, LTE 800, 2G, LTE 1800, 3G, LTE 2100, WLAN,
LTE 2600 bands, as well as the total electric field intensity
in the entire 27 MHz — 3 GHz frequency range, were
separately measured with a mobile measuring car. The
highest value of the total electric field intensity was
measured as 6.943 VV/m, and it was seen that this value did
not exceed the limit values determined by ICNIRP and
BTK. In addition, using the data obtained as a result of
mobile measurements, dot thematic maps, 2D maps and
3D maps were created and the electric field intensity
distribution was presented visually.

Although the highest electric field intensity values in the
measurements were below the limit values of ICNIRP and
BTK, these studies should be carried out periodically by
including new settlements to be established in the
measurement route and it should be checked whether the
limit values are exceeded.
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Electroencephalogram (EEG) is a convenient neuroimaging technique due to its non-invasive setup,
practical usage, and high temporal resolution. EEG allows to detect brain electrical activity to diagnose
neurological disorders. Epilepsy is a crucial neurologic disorder that is reasoned from occurrence of sudden
and repeated seizures. The goal of this paper is to classify the focal (epileptogenic area) and non-focal
(non-epileptogenic area) EEG records with cepstral coefficients and machine learning algorithms.
Analysis is carried out using publicly available Bern-Barcelona EEG dataset. Mel Frequency Cepstral
Coefficients (MFCC) are calculated from EEG epochs. Feature sets are normalized with z-score and
dimension reduction is realized using Principal Component Analysis. Fine Tree, Quadratic Discriminant
Analysis, Logistic Regression, Gaussian Naive Bayes, Cubic Support Vector Machine, weighted k-nearest
neighbors, and Bagged Trees are applied for classification stage. A value of k=10 is used for cross
validation. All focal and non-focal EEG pairs are perfectly classified with acc., sen., spe., and F1-score of
100% and AUC with 1 via. Quadratic Discriminant Analysis, Logistic Regression, Cubic SVM and
Weighted k-NN. Proposed work recommends MFCCs as a single marker and this provides less
computation workload, practicality, and direct processing of focal / non-focal EEG time series. Proposed
methodology in this paper serves one of the highest achievements to literature and can assist neurologist
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and physicians to validate their diagnosis.

Introduction

Epilepsy is one of the common neurological disorders that
emerges due to sudden electrical activity in the brain [1]. In
accordance with World Health Organization (WHO)
reports, there have been about 50 million patients suffering
from epilepsy around the world, and 80% of current patients
are living in lower income countries [2]. EEG records
obtained from epileptogenic area are called as focal EEG,
while EEG records sourced from other regions are non-
focal EEG [3]. Some of focal epilepsy patients are drug
resistant, and recovery of these patients is feasible with only
local brain surgery. Long duration of EEG records needs to
be analyzed by neurosurgeons to localize epileptogenic
zone prior to surgical operation. This stage is strenuous,
time consuming and inclined to errors, therefore, an
automatic decision system assists neurologists for
examining EEGs via. signal processing methods and
machine learning algorithms [4].

EEG records have been preferred as a popular brain
screening tool for researchers. This method has non-
invasive implementation, higher temporal resolution, and
cost-effective solutions [5]. In this regard, there are various
methods have been proposed for discrimination of focal and
non-focal EEG records. Wavelet based features [6],

Empirical Mode Decomposition [4], entropy algorithms
[7], deep neural architectures [4], [8], [9], and multi-
features [10]-[12] are some of algorithms for focal / non-
focal EEG identification task in literature studies. The main
purpose of the present study is to present an effective
method to classify focal / non-focal EEG records. In this
context, Mel Frequency Cepstral Coefficients (MFCC) are
calculated from related EEG epochs. One of the powerful
sides of cepstrum analysis is that any repetitive pattern or
harmonic behaviors are emerged as unique component of
cepstrum analysis. Yavuz et al. (2018) also reported that
there are also a few studies that investigate brain’s cognitive
behavior using cepstral analysis [13]. According to our
research and knowledge, there has been no study that
applied cepstral analysis to existing focal / non-focal EEG
dataset previously. For further analysis, MFCCs are
normalized within z-scores and Principal Component
Analysis is applied to normalized feature sets to obtained
more relevant subsets of features. Finally, Fine Tree,
Quadratic Discriminant Analysis, Logistic Regression,
Gaussian Naive Bayes, Cubic Support Vector Machine,
weighted k-nearest neighbors, and Bagged Trees as one of
ensemble learning algorithm are applied for classification
stage and different performance metrics are calculated.
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Moreover, k=10 cross validation is used to split train and
test sets.

The remaining of the paper is organized as follows: Section
2 explains proposed methodology, extracted features and
classification process. Obtained results are reported and
discussed with previous findings in Section 3. Finally, paper
is concluded with Section 4.

Material and Methods
Bern-Barcelona Database

In this study, a publicly available Bern-Barcelona EEG
dataset is processed for discrimination of focal and non-
focal records from Department of Neurology, Bern
University [14]. Dataset was recorded from 5 temporal
epilepsy patients before brain surgery. Focal EEG records
are acquired from the brain regions where appears ictal
signals and, non-focal signals are recorded from the lobes
that do not exist any seizure. Electrode locations are located
according to 10/20 placement. Dataset consists of 3750
focal and 3750 non-focal segment and each segment has X-
Y pairs. Signals were recorded with 512 Hz f_s during 20 s.
Sample EEG records is given in Fig. 1.
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Figure 1. 5 s of sample focal / non-focal EEG records of x-
y pairs

Method

The current methodology consists of 4 steps: i) obtaining
EEG records, ii) dividing EEGs into epochs, feature
calculation from epochs, normalization of feature set and
dimension reduction to obtain relevant sub-sets, iii)
dividing features into train and test sets in order to avoid any
bias and overfitting and after that applying machine
learning algorithms to compare classification performances,
and finally iv) calculating performance metrics for binary
classification of focal and non-focal EEGs. The steps
followed in related work is illustrated in Fig. 2.

i)Mel Frequency Cepstral Coefficients (MFCC) for
Feature Extraction

Cepstrum analysis is mainly used for speech recognition
and seismic signals. It can be defined as an inverse Fourier
transform of the logarithm of a calculated spectrum. Due a

signal has repetitive and harmonic pattern, cepstrum
analysis can be utilized as a powerful marker [15]. The
steps of how a signal transform to cepstral domain is
illustrated in Fig. 3. x[n] is the time domain signal and
refers to EEG signal. In addition, X[k] stands for frequency
spectrum of x[n]. X’[k] is log magnitude of filter bank
energy from calculated spectra. c[n] is the final cepstrum
after Discrete Cosine Transform of X’[k]. Cepstrum
coefficient, c;, as given in Eq. (1).

2 j(i—0.5 .
o= \/%Z?’:lAicos 2Dy 0sjeN 1)

where ¢; refers to jth ceptral coefficient, and A; shows
logarithmic value for one of the N channels in filter bank.

Spectrum of mel-frequency during specific time n for
r=1,2, ..., R is calculated in Eq. (2)

Falrl= Zi,, 1V k)X ]2 @)
where V,.[k] stands for the triangular weighting function for
order=r filter and index of DFT k is from L, to U,. In

addition, A, refers to rth order mel-filter normalization
coefficient and given in Eq. 3.
A= T, I [K])? 3)

Mel frequency cepstral coefficients (MFCCs) can be
calculated by DCT of logarithm of filter outputs [13].
Details are given in Eq. 4.

MFCCn[m]:% R_log (ME,[r])cos [%ﬂ (r+ é)m]

To summarize, the signal is divided into short frames. The
reason behind dividing into short frame is to capture
statistically stationary segments even if samples are
constantly changing. We calculate power spectrum of each
frame and identify which frequencies are present in the
frames. Then, we apply mel-filter banks to power spectra
and, sum the energy in each filter. Thus, one can reach the
idea of how much energy exists in different frequencies.
Mel scale determines width of the filter banks as the
frequency gets higher, filters get wider. After taking
logarithm of all filter bank energies, it enables a
normalization technique to realize cepstral mean
subtraction. This stage is similar with a compression
operation to features. Calculated filter bank energies are so
correlated because filter banks are all overlapping. DCT
uses diagonal covariance matrices to decorrelate the
energies. Generally 12 out of 26 DCT coefficients are kept
because higher DCT coefficients include fast changes in
filter bank energies and possible changes may attenuate
performance. For this reason, we drop DCT coefficients
after 12" to get more improvement. In this study, 13
number of the static cepstral coefficients including O™
coefficient are calculated. In addition to these static
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Figure 2. Steps followed in proposed study for focal and non-focal EEG Time Series
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Figure 3. Process for calculation of cepstral coefficients
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parameters, 1% order time derivatives (‘delta’), also known as
differential coefficient, and 2" order time derivatives (‘delta-
delta’), also known as acceleration coefficient, are calculated.
These 2 parameters are called dynamic parameters. Then, Log-
energy coefficients are added to each group. Combining
dynamic parameters within static parameters will increase
robustness and stability of the study. In order to calculate
MFCCs, hamming window in time domain during spectrum
calculation and triangular shaped filters in mel-domain is
applied as filter banks.

Filters act in absolute magnitude domain. Some of the studies
in literature view have obtained higher performance values by
analyzing all the coefficients [13]. Finally, 42-coefficient
feature vectors are extracted from focal and non-focal EEG
segments.

ii)Z-score normalization and Principal Component Analysis
(PCA) for dimension reduction

Before applying PCA to feature sets, we normalize the feature
vector with z-score. We can use z-scores to put on the features
on the same scale prior to further steps. Z-scores are calculated
in terms of mean (p) and standard deviation (o). Then,
normalized feature set has p=0 and o=1 as calculated in Eq. 5.

P (5)

Processing with high dimensional and redundant features is
time consuming and obtained results might be poor. For the
purpose of gaining top few features which represent the data set
sufficiently and no information to be lost, we applied PCA to
feature sets after z-score normalization. If we are given a
X:(nxt), where n is number of features and t is the number of
observations, PCA can be calculated as eigenvalue of
covariance matrix C,, = XXT. The ratio of variance belong to
first p components over whole feature set variance is calculated
in Eq. 6.

(6)

where 1; is the eigenvalue of it* principal component [16].
Number of principal components is based on explained
variance. In this study, 95% of total variance is explained by 11
principal components out of 42 coefficients.

iii)Classifiers
Fine Trees

Decision trees have a framework that divides large number of
inputs into small set of records by applying a set of decision
rules. A decision tree has a pre-defined target variable and
provide a strategy from top to the bottom due to their structure.
Decision trees are easily interpretable and can process both
numerical and categorical data. They may also produce low
predictive performance metrics and result with overfitting. We
need to grow simpler trees to solve overfitting problem.

Moreover, we may specify the maximum number of splits or
branch points to check depth of the tree. In this study, we
preferred to use fine tree due to its fast prediction speed, easy
interpretation, and flexible model to make fine distinctions
among classes[17]. In current model, different set of numbers
are selected and maximum number of split is decided as 100 as
it gives best classification rate. Moreover, split criterion is
Gini’s diversity index.

Quadratic Discriminant Analysis

Discriminant analysis uses hyperplanes to separate classes
allocated to groups using maximum likelihood rule. It is a
multivariate technique to discriminate 2 or more groups and
algorithm is fast, precise, and easily interpretable. In addition,
discriminant analysis is proper for large datasets. In order to
train a classifier, different Gaussian distributions are generated,
and fitting function predicts the parameters of those
distribution. Linear and Quadratic Discriminant Analysis are
commonly used algorithms. Quadratic Discriminant Analysis
(QDA) uses quadratic decision boundaries and prediction
ability is higher in accordance with Linear Discriminant
Analysis (LDA). QDA estimates the covariance matrix for each
input classes [18].

Logistic Regression

Logistic Regression (LR) a 2 classes classification algorithm
and gives binary solution. LR models the class probabilities
uses logistic function that is the linear combination of predictors

[5].
Gaussian Naive Bayes

Naive Bayes (NB) is a classifier that used for pattern
recognition problems and based on Bayes theory. In NB
classification, a certain amount of trained data is initially
applied. The data applied for training should have whether class
or category. Within probability operations on trained data,
category of the new test data is determined according to
probability values. The more the number of trained data, the
more accurate it can be to identify the correct category of test
data. In this study, Gaussian distributor is used for numeric
predictors and multivariate multinomial distribution is applied
for categorical predictors [19].

Cubic Support Vector Machine

Statistical learning based SVM was firstly applied by Cortes
and Vapnik for binary classification. The purposes within SVM
are to the transport nonlinear separable samples to higher
dimension by using kernel functions and determine a
hyperplane that will separate the samples by help of solving
quadratic optimization problems [20]. In current study, cubic
kernel function is preferred. Kernel scale is specified as
automatic and box constraint level equals to 1. One vs. one
multiclass method is applied for discrimination focal and non-
focal EEG records.
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Weighted k-Nearest Neighbors

It is parametric, non-linear, and partially simple classification
algorithm. k-NN may outperforms for large datasets. Algorithm
works according to the similarity of training and test data sets
to each other. Assignment of any data point to any class is
realized by checking k neighbors close to related data point. If
we choose k as very small, the algorithm could be very
sensitive. If the k is selected too large, one class can include too
many data points from other classes. In weighted k-NN, every
neighbor sample has a weight according to its distance to the
test sample. Closer points have bigger weights in the voting. In
proposed study, number of neighbors is 10, distance metric is
‘Euclidean’ and distance weight is selected as ‘squared
inverse’, namely weight is 1/distance? [21].

Bagged Trees

Bagged Trees are one of ensemble classifier that use Random
Forest Bag with Decision Tree learners. In this study, the
algorithm [22] proposed by Breiman is applied to features sets.
Bagging is generally preferred to reduce the variance of a
decision tree. Several subsets are randomly selected from
training sample and each of subsets is used to train its decision
trees. Finally, we sum up within an ensemble including
different models. Predictions from trees are averaged and a
robust prediction is achieved rather than single decision tree. In
short, ensemble method is Bag, learner type is Decision tree and
number of learners is determined as 30.

Performance Metrics

In order to evaluate the classification performance, accuracy,
sensitivity, specificity, F1-score and area under the ROC curve
(AUC) are calculated. Calculation of performance metrics is
given by Table 1.

Accuracy is the correctly labelled feature sets. Sensitivity is
defined as proportion of correctly positive features. Specificity
is the ratio of negative instances which are correctly estimated
as negative. F1- score is a metric that is combination of TPs,
FP, and FN. Calculation of F1-score is given with Eq. 7.

Precisionx*Recall
F1—score =2 ————— @)

Precision+Recall

Results and Discussion

In current study, a single EEG marker of MFCC is utilized for
discrimination of focal and non-focal EEG records. 7 different
classifiers are performed and confusion matrices for each
classifier are given in Table 2-3 in case of before/after PCA and
z-normalization process. Extracted features are also compared
in Fig. 4 with given sample patterns. Quadratic Discriminant
Analysis, Logistic Regression, Cubic SVM and Weighted k-NN
performs perfectly with acc., sen., spe., and F1-score of 100%
and AUC with 1 as it can be seen in Table 3. Classification
performances are all increased with use of PCA and z-
normalization. All focal EEG pairs are correctly classified, but
some of non-focal EEGs misclassified in Gaussian Naive Bayes

algorithm. Performance metrics obtained from Fine Tree and
Bagged Trees are relatively lower, but still convincing results
are achieved.

Most relevant studies published between 2016-2021 based on
Bern-Barcelona Dataset are listed in Table 4. Many of studies
are included 3750 pairs of focal / non-Focal EEG pairs, and
minority of the methods are performed with 50 pairs. EEG
markers are composed of wavelet transform, empirical mode
decomposition, entropies, Fourier transform, and spectral
features. Deep learning-based features are also utilized in
previous studies. Support Vector Machines, Neural Network
classifiers and k- nearest neighbors are observed as frequently
applied as conventional methods besides deep neural networks.
10-fold cross validation is also common method to divide train
and test sets. Madhavan et al. [8] achieved best performance
with acc., sen., and spe., over 99% using 2D deep CNN within
synchro-squeezing transform. Arunkumar et al. [7] proposed
entropy algorithms using conventional classifiers and achieved
acc., sen., and spe. of 99%. We here achieved highest possible
performance withing 100% of acc., sen., spe., and F1-score.
Studies in literature included many features and attempted to
reach conclusive set of features for a consensus. Proposed work
includes MFCCs as a single marker and this provides less
computation workload, practicality, and direct processing of
EEG time series. Moreover, most of the classifiers performs
high and none of algorithms fails to discriminate focal / non-
focal EEGs. This is a good indicator for the robustness of
proposed algorithm. z-score normalization and finding relevant
subsets of features within PCA are one of crucial steps to
increase classification performances.

The current study has some limitations as follows: even if
MFCCs provide adequate results, combination of markers
suggested by literature studies can also joined within or without
MFCCs and contribution of these coefficients can be more clear
for discrimination of focal / non-focal EEGs. Parameters for
classifiers are chosen empirically; moreover, optimal parameters
may be included to observe effects on performance metrics.

Conclusion

In current study, MFCCs are extracted directly from focal / non-
focal EEG time series to analyze unpredictable and non-linear
behavior of related signals. All focal and non-focal epochs are
fully discriminated. Proposed method serves one of the highest
achievements to literature and can assist neurologist and
physicians to validate their diagnosis. Same approach can be
applied not only to focal / non-focal EEGs but also other types
of seizures including preictal, interictal and ictal EEG. Different
neurological diseases such as Alzheimer’s and Parkinson’s
disease, schizophrenia, or strokes may be diagnosed within
proposed methods. Eventually, treatment stage can be
accelerated. In future works, MFCCs feature matrices can be
applied directly to input of deep neural networks, or some
image conversion methods will be applied to coefficients in
frequency domain as another option for evaluation of deep neural
architectures.
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Table 1. Performance metrics for classification evaluation

Predicted
Positive Negative
Sensitivity
Positive True Positive (TP) False Negative (FN)
TP
TP +FN
< —
3 Specificity
[S]
<
Negative False Positive (FP) True Negative (TN) TN
TN + FP
Precision Recall Accuracy
TP TP TP +TN
TP + FP TP +FN TP+ FP+FN+TN

Table 2. Performance metrics for Focal / Non-focal binary EEG Classification before PCA and z-normalization

Predicted Class

Performance Metrics

Classifier Observed Class Focal Non-focal Acc. Sen. Spe. Fl-score AUC
Fine Tree ;?)Crilfocal iggg ;ii; 655 666 642 658 0.71
22:82?30 Discriminant E‘;Cn‘f'focal igﬁ ;%2 574 418 728 495 0.63
Logistic Regression E(;i:‘ocal gég ;gig 6907 722 671 704 0.76
Gaussian Naive Bayes E‘;Cn‘f'focal igﬁ ;%2 574 418 728 495 0.63
Cubic SVM E‘;Cn‘f'focal ijg 2323 69.3 776 608 715 075
Weighted k-NN E‘;Cn‘f'focal iéjg ;ggg 586 585 587 585 063
- T
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Table 3. Performance metrics for Focal / Non-focal binary EEG Classification after PCA and z-normalization

Predicted Class Performance Metrics

Classifier Observed Class Focal Non-focal Acc. Sen. Spe. Fl-score AUC
Fine Tree E(c))iilfocal ﬂf’f ;;;6 99.6 9962 9957 9958 1
B 0o 0w w0
Logistic Regression [lf](())iilfocal 3750 2750 100 100 100 100 1
Gaussian Naive Bayes ,I:lc())ﬁlfocal SZSO 2741 99.9 9976 100 99.88 1
Cubic SVM ":lz‘;ff'focal 3750 2750 100 100 100 100 1
Weighted K-NN Ef;ii'focal 2149 é’;@ 100 9997 99.97 9996 1
Bagged Trees E‘;Cri'focal i;ﬁl 2;36 997 9962 9975 9966 1

Sample Feature Set before PCA and z-normalization

Sample Feature Set before PCA and z-normalization

MFCC #20
o
MFCC#20

1 0 1
MFCC #24

Sample Feature Set after PCA and z-normalization Sample Feature Set after PCA and z-normalization

10th Principle Component
4 =)
11th Principle Component

w2 a0 @ s <4 2 oz 4 8 ¢ 2 E o 1 2 5
3th Principle Component 10th Principle Component

Figure 4. Extracted features before/after PCA and z-normalization given with sample patterns
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Table 4. Studies in literature view for focal / non focal EEG Classification

Authors (Year) EEG EEG Markers Classifiers/ Performance
Dataset Cross Validation Metrics
Sairamya et al. 3750F Wavelet Package ANN/10-fold cross Acc. =95.74%
(2021) [1] 3750 N Decomposition, Validation Sen. =81.94%
Quad Binary Pattern Spe. =78.81%
Entropies
Sharma et al. 3750F Third-order cumulant SVM with cubic kernel Acc. =99%
(2020) [23] 3750 N /10-fold cross validation Sen. =98.68%
Spe. =99.32%
F-score =0.99
You et al. (2020) 3750 F Flexible Analytic GRNN, RF, SVM, Acc=94.80%
[6] 3750 N Wavelet Transform, LS-SVM, KNN, fuzzy KNN/10-fold cross Sen.=92.27%
Log energy entropy, validation Spe. =96.10%
Fuzzy distribution
entropy
San-Segundo etal. 3750 F Fourier Transform, CNN Healty vs. Ictal
(2019) [4] 3750 N/ Wavelet Transform, Acc=99.8%
Bonn Empirical Mode Non-ictal vs. Ictal
Decomposition Acc=99.5%
Healty VS.
Interictal
Acc=96.5%
Healty Vs,
Interictal vs. Ictal
Acc=95.7%
Rahman et al. 3750F Variational Mode Stacked SVM/5-fold cross validation Acc=95.2%
(2019)[10] 3750 N Decomposition, Sen. =96.1%
Discrete Spe. =94.4%
Wavelet Transform, AUC=0.989
Refined Composite
Multiscale Dispersion,
Refined Composite
Multiscale Fuzzy
Entropy,
Autoregressive  Model
Coefficient
Raghu and 3750 F NCA with 28 features SVM, KNN, RF, AdaBoost Acc=96.1%
Sriraam  (2018) 3750 N /10-fold cross validation Sen. =97.6%
[11] Spe. =94.4%
AUC=0.96
Gupta and Pachori 3750 F Wavelet Transform, LS-SVM/10-fold cross validation Acc=95.85%
(2020) [24] 3750 N Corr-entropy, Sen. =95.47%
Exponential Energy Spe. =96.24%
Tjepkema- 50 F Deep Neural Network Combinations of convolutional and recurrent AUC =0.94
Clostermans et al. 50 N Features neural networks
(2018) [9]
Das and Bhuiyan 3750 F EMD-DWT, log energy  k-NN city block distance Acc=89.4%
(2016) [3] 3750 N entropy Sen. =90.7%
Spe. =88.1%
Arunkumar et al. 50F Entropies Naive Bayes, Radial Based Function, Best First  Acc=99%
(2018) [7] 50 N Decision Tree, KNN, SVM, Non- Nested Sen.=99%
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Generalized Exemplars/ 10-fold  cross Spe. =99%
validation
Fraiwan and 3750 F Bi-directional Long BDLSTM/4,6,10-fold cross validation Acc. =99.24%
Alkhodari (2020) 3750 N Short Term Memory Sen. =99.55%
[2] Spe. =99.65%
Siddharth et al. 3750F Sliding Mode -Singular  Sparse-autoencoder Radial Bases Function Acc=99.11%
(2019) [25] 3750 N Spectrum Analysis Neural Network/10-fold cross validation Sen. =98.52%
Spe. =99.70%
Chetterje et al. 50F Multifractal Detrended KNN, SVM/10-fold cross validation Acc=92.18%
(2017) [26] 50N Fluctuation Analysis Sen. =92.50%
Spe. =92.69%
Bajaj et all (2017) 750 F Rhythm Based LS-SVM/10-fold cross validation Acc=99.20%
[27] 750 N Correlation Features Sen. =99.73%
Spe. =98.68%
Madhavan et al. 3750 F Synchro-squeezing 2D Deep Convolutional Neural Network/ 5- Acc=99.94%
(2020) [8] 3750 N Transform fold cross validation Sen. =99.94%
Spe. =99.94%
Bhattacharrya et 50F Empirical Wavelet Least square SVM/10-fold cross validation Acc=90%
al. (2016) [28] 50 N/ Transform Sen. =88%
750 F Spe. =92%
750N (50 pairs)
Zeng et al. (2019) 50F Empirical mode Least square SVM/10-fold cross validation Acc=96%
[29] 50 N/ Decomposition, Phase (50 pairs)
3750 F Space Reconstruction
3750 N
Sriraam and 3750 F 21 Multi features SVM/10-fold cross validation Acc. =92.15%
Raghu (2017) [12] 3750 N Sen. =94.56%
Spe. =89.74%
Current Study: 3750 F MFCC Fine Tree, Quadratic Discriminant Analysis, Acc. = Sen. = Spe.
3750 N Logistic Regression, Gaussian Naive Bayes, = Fl-score =
Cubic Support Vector Machine, weighted k- 100%
NN, Bagged Trees / 10-fold cross validation AUC=1
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Giiniimiizde, sirketler gelecekte yapmayi planladiklart isleri igeren ¢ok sayidaki 6nemli verilerini
elektronik ortamlarda saklamaktadirlar. Saldirt durumunda ise hem sgirkete hem de bireylere zarar
verebilecek finansal bilgiler hedef alinmaktadir. Bu saldir1 tiirlerinden biri de banka &demelerinde
meydana gelen dolandiricilik saldirilaridir. Grafik veri bilimi kullanilmasi, mevcut analitik ve makine
ogrenimi ardigik diizenlerini giiclendirerek, var olan dolandiricilik tespit yontemlerinin dogrulugunu ve
uygulanabilirligini arttirmaktadir. Bu ¢ahsmada Ispanya’daki bir banka ddeme bilgi simiilasyonundan
olusturulan BankSim veri kiimesi kullanilmistir. BankSim tizerinde bulunan normal 6demeler ve sahte
veriler siiflandirilarak dolandiricilik tespiti gergeklestirilmesi amaglanmistir. Simiflandirma igin Python
dilinde RandomForest (RF), Support Vector Machine SVM, XGBoost (XGB), K-Nearest Neighbors (k-
NN) smniflandirma algoritmalart kullanilmigtir. Performans degerlendirmeleri icin K-katlamali capraz
dogrulama kullanilmigtir. Cizge madenciligi i¢in Neo4;j veritabani kullanilmis ve Neo4j sorgu dili olarak
CypherQL kullanilmigtir. Bu dolandiricilik tespitinin uygulanmasi ile daha az hileli islem ve daha
giivenilir bir gelir akisi elde edilmistir. Cizge madenciligi asamasinda PageRank, Community, degree gibi
cizge algoritmalar ile birlikte standart makine 6grenimi yontemi ile elde edilen sonuglar optimize
edilmistir. Bu a¢idan ¢izge madenciligi ve makine 6grenimi algoritmalarmin birlikte kullanilmasinin diger
yontemlere kiyasla dogruluk oranlarinin daha yiiksek oldugu ve daha hizli siirede hesap yapan bir yontem
oldugu ispatlanmustir.
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Today companies keep a large number of important data, including the work they plan to do in the future,
electronically. In many cases, financial information is stolen that can harm the entire company or
individual. One of these types of fraud occurs in bank payments. The use of graph data science augments
existing analytics and machine learning pipelines, increasing the accuracy and applicability of existing
fraud detection methods. In this study, BankSim dataset created from a bank payment information
simulation in Spain was used. It is aimed to detect fraud by classifying normal payments and injected fraud
signatures on BankSim. RandomForest (RF), SVM, XGBoost (XGB), K Nearest Neighbors (k-NN)
classification algorithms in python language were used for classification. K-fold cross validation was used
for performance evaluations. Neo4j database was used for graph analysis and CypherQL was used as
Neod4j query language. The implementation of this fraud detection has resulted in fewer fraudulent
transactions and a more reliable revenue stream. The performances of SVM, RF, XGB, k-NN algorithms
were evaluated for fraud detection in bank payments, and the performance of the algorithms was compared
according to the K-Fold cross-validation results in terms of performance. In the graph mining phase, the
results obtained with the standard machine learning method were optimized together with graph algorithms
such as PageRank, Community, and degree. In this respect, it has been proven that the use of graph mining
and machine learning algorithms together has higher accuracy rates compared to other methods and is a
method that calculates in a faster time.
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Giris

Bankalar ve sigorta sirketleri her yil dolandiricilik nedeniyle
milyonlarca dolar zarara ugramaktadirlar. Geleneksel
dolandiricilik  tespit ydntemleri, bu kayiplarin en aza
indirilmesinde énemli bir rol oynasa da giderek daha karmasik
hale gelen dolandiricilik saldirilart hem birlikte ¢alisarak hem
de sahte kimlikler insa etmenin ¢esitli yollarmi kullanarak
tespit edilmesi zor hale gelmistir [1]. Higbir dolandiricilik
onleme yontemi miitkemmel olarak c¢aligmasa da tek tek veri
noktalarmin 6tesinde onlar1 birbirine baglayan baglantilara
bakilarak 6nemli iyilestirme firsatlar1 yakalanabilir [2]. Cizge
veri madenciligi, alt grafikler iizerinde yogunlasan ve sik
model madenciliginden tiiremistir ve c¢izge alt grafik
madenciligi, ¢izge madenciliginin popiiler bir uzantisidir [3, 4,
5]. Standart makine &grenimi yoOntemleri ¢esitli veri
kaynaklarindan veri toplanmasi ve bunun sonucunda artan veri
boyutunu islemek ve gorsellestirmek konusunda yetersizdir [6,
7]. Ayrica gelisen dolandiricilik saldirilart kargisinda standart
makine 0grenimi yontemleri bu saldiridaki sahte iglemlerin
bazilarin1 yakalayamayabilir. Bu problemlere ¢6ziim olarak bu
calismada ¢izge veri tabanlarmin ve ¢izge algoritmalarinin
kullanilmasiyla dolandiricilik  tespitinde mevcut olarak
kullanilan makine Ogrenimi yoOntemlerinin dogrulugunun
arttirilmasi ve caligmanin uygulanabilirliginin
kolaylastirilmasi hedeflenmistir. Bu ¢alismada BankSim veri
seti tizerinde bulunan normal 6demeler ve sahte 6demeler RF,
SVM, XGB, k-NN  smiflandirma  algoritmalariyla
siniflandirilmigtir.  Dolandiricilik  tespiti - gergeklestirilmesi
amaciyla klasik makine 6grenimi algoritmalar1 ve ¢izge veri
tabanlar1  kullanilarak geleneksel dolandiricilik  tespiti
yontemleriyle tespit edilmesi zor olan dolandiricilik
islemlerinin tespit edilmesi ve veriler arasindaki iliskinin diger
yontemlere kiyasla daha iyi ifade edilmesi amaglanmistir.

Bu calismada, literatiirdeki diger ¢alismalardan farkli olarak,
makine Ogrenimi tekniklerinin ¢izge madenciligi
algoritmalariyla birlikte kullanilmasi sonucu dolandiricilik
tespiti islemlerinin performansi iizerinde nasil bir etkisi oldugu
ayrmtili olarak incelenmistir. Sunulan ¢aligma bu alanda ¢izge
madenciligi ve makine O6grenimi algoritmalarimin birlikte
kullanilarak daha iyi sonuglar elde edebilecegini gdsterme
konusunda literatiire katk: saglamaktadir.

Calismanin literatiir taramasi1 boliimii kredi ve banka karti
islemleri i¢in dolandiricilik tespiti yapan literatiirdeki giincel
calismalar1 sunmaktadir. Metodoloji boliimiinde ¢aligsmada
kullanilan veri setine, siiflandirma algoritmalarina, veri 6n
isleme yontemlerine ve kullanilan araglara genel bir bakis
acistyla yer verilmektedir. Neo4j ve veri seti boliimii veri
setinin detaylarini, Neo4j aracinin tanimini ve veri setinin
gorsellestirilmesinde kullanilmast konularmi igermektedir.
Veri 6n isleme boliimii veri 6n isleme asamalarinin detaylarmi
icermektedir. Makine 6grenimi ve ¢izge algoritmalar1 bolimii
kullanilan makine 6grenimi siniflandirma algoritmalar1 ve
cizge algoritmalarmin detaylarini igermektedir. Son olarak
Dolandiricilik tahmininde yanlis pozitifleri azaltmak amaciyla
Roy ve ark. [12] otomatik 6zellik miihendisligi tabanl bir
yaklagim Onermistir. Bu ¢alismada yazarlar islemlerle iliskili

yapilan deney sonuglarina deney sonuglart bdlimiinde yer
verilmistir ve bu c¢alismada elde edilen sonuglar literatiirde
aynt On isleme ve veri seti kullanan makine Ogrenimi
yontemlerinin sonuclartyla birlikte listelenmistir.

Literatiir taramasi

Son yillarda dijital 6demelerdeki benzeri goriilmemis bilyiime,
dolandiricilik  ve mali suglarda oOnemli degisiklikleri
tetiklemistir. Bu yeni ortamda kural tabanli gibi geleneksel
tespit yaklagimlar ise, biiyiik 6l¢iide etkisiz hale gelmistir ve
yapay zeka makine 6grenimi ¢oziimleri biiyiik ilgi gérmiistiir.
Kurshan ve ark. [8] dolandiricilik ve mali sug tespitinde grafik
tabanli ¢oziimlerin karsilastig1i yaygin uygulama hususlarina
ve kapsamli uygulama zorluklarina genel bir bakis agisi
sunmustur. Calismada 6deme dolandiriciligt, kimlik hirsizligy,
mali ve eski dolandiricilar, hesap devralma, sentetik kimlik ve
hesap dolandiricilig, kara para aklama ve diger dolandiricilik
tirlerine deginilmistir. Dolandiricilik algilama tekniklerinden
veri madenciligi, grafik anormalligi algilama, denetimli ve
denetimsiz alt grafik analizi, akis ve yol analizi, grafik tabanl
makine Ogrenimi yontemleri incelenmistir. Dolandiricilik
tespitinde manuel yontemlerin kullanilmasi 6zellik ¢ikarma
islemi asamasinda alan bilgisine ihtiya¢ duymaktadir. Bu
durum ise, g¢evrim i¢i dolandiricilik tespiti sistemindeki
dolandiricilik davraniglarina en yakin dolandiricilik davranis
modellerine odaklanmay1 gerektirir. Bu nedenle [9] kredi karti
dolandiricilik tespiti i¢in mekansal-zamansal dikkat tabanl bir
grafik ag1 (STAGN) modeli 6nerilmistir. Daha sonra 3 boyutlu
bir evrisim agina beslenen &grenilmis temsillerinin {izerine
uzamsal-zamansal dikkat kullanilmistir. Dikkat agirliklart
evrisim ve algilama aglari ile ugtan uca olacak sekilde birlikte
ogrenilir. Gergek kelime kart islemi veri seti tizerinde kapsamli
deneyler yapilmistir ve STAGN’nin hem AUC (Area Under
the Curve) hem de hassas geri ¢agirma (recall) egrilerinde
diger son teknolojilere kiyasla daha iyi performans gdsterdigi
goriilmiistiir. STAGN 6ngoriicii model olarak dolandiricilik
tespit sistemine entegre edilmis ve sistemdeki her modelin
uygulama detay1 sunulmustur.

Konum tabanli grafik gosterimini &grenmeye iliskin son
caligmalar yan bilgi ile veriyi gdmme ve gelismis bilginin
korunmasi olarak iki yonde incelenmistir [10]. Diisiik boyutlu
temsillerini 6grendiklerinde diigiimlerle iligkili zengin bilgileri
(6r; metin, konum kodlar1) hesaba katan TADW’yi
onermiglerdir. Bu ag, ag hakkindaki yan bilgileri (digiim
igerikleri ve kenar icerikleri) igermektedir.

Xie ve Yin [11]’de konuma dayali bir 6neri sistemi i¢in gizge
tabanli point of interest (POI) yerlestirmeyi 6grenen bir sistem
onermislerdir. Konum tabanli grafiklerin temsillerini
Ogrenebilen gelismis ag yerlestirme yontemleri kullanilarak ilk
cabalar gergeklestirilmis olsa da konum tabanli grafik
temsillerini koruyarak dolandiricilik iglemlerini tespit etmeye
odaklanan ¢ok az ¢alisma bulunmaktadir.

kartin ge¢cmis verilerine dayali olarak davranis 6zelliklerini
otomatik olarak tiretmek i¢in derin Ozellik sentezi
algoritmasini kullanmislardir. Olusturulan 6zellikler rastgele
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orman teknigi kullanilarak bir smiflandiric1 tarafindan
Ogrenilmistir.  Bu ¢aligmanin sonucunda yanlis pozitif
oraninda %54 diisiis gézlemlenmistir.

Vidanelage ve ark. [13] tarihle sinirli olmayan sentezlenmis
veri seti kullanarak ¢oklu makine 6grenme teknikleri yiirtitmiis
ve acik kaynak veri bilimi araglar1 kullanarak beklentilerin
izerinde sonuglar elde etmislerdir. Bu c¢aligmada veri seti
olarak Ispanya’daki bir bankanin verileri baz alarak
olusturulmus BankSim veri seti kullanilmistir ve k-NN, Cok
katmanh algilayict (MLP), Gauss Naive Bayes (GNB),
Multinomial Naive Bayes (MNB) gibi 4 farkli makine
Ogrenimi algoritmasi dolandiricilik tespiti i¢in kullanilmistir.
MLP en yiiksek dogruluktaki sonucu vermistir.

Dolandiricilik tespitini iyilestirmek ic¢in Carcillo ve ark.,
[147’de hem denetlenen hem de denetimsiz yontemleri
birlestiren karma bir teknik Onermislerdir. Arastirmacilar
dolandiricilik modellerinin gegmisin analizinden
Ogrenilebilecegi varsayimindan yararlandik¢a denetimli bir
6grenmenin miimkiin olacagi beklenmistir. Ancak miisteri
davranisindaki ~ ve  dolandiricilarin  yeteneklerindeki
degisiklikler yeni dolandiricilik kaliplar iirettiginde zorluklar
ortaya ¢ikmaya baslamistir. Bu durumda denetimsiz 6grenme
bu zorluklara yardimci olabilir. Yazarlar ¢oziim olarak bu iki
teknigi birlestiren hibrit bir yontem kullanmislardir ve
sonuglar verimli olmustur.

Lebichot ve ark., [15]’da dolandiricilik tespitinde kullanilmak
iizere iki orijinal transfer dgrenme modeli Snermislerdir.
Calisma, sahtekarlik algilama alaninda daha gelismis
teknikleri incelemistir. E- ticaret islemleri kaynak ve yiiz yiize
islemler sirasiyla kaynak ve hedef alan olarak ele alinmistir.
[statistiksel testlere dayanarak énerilen modeller daha énceden
Onerilen tiim diger modellerden daha 1iyi performans
gOstermistir.

Wang ve Zhu, [16]°da e-ticaret islemlerinden kaynakli artan
cevrim i¢i 6deme dolandiricilik tespitine ¢dzliim olarak, iglem
Ozelliklerinin birlikte olusma iligkilerini modelleyerek etkili
bir veri gelistirme plan1 Onermislerdir. Diisiik kaliteli
davranigsal verileri kullanarak yiiksek ¢oziiniirliikli davranig
modelleri olugturmak biiyiik bir zorluktur. Bu c¢alismada bu

sorun esas almarak bir bilgi grafigi kullanilmis ve islem
niteliklerinin  birliktelik iligkileri kapsamli bir sekilde
belirtilmistir. Onerilen ydntemin performansi ticari bir
bankadan gercek veri seti {izerinde yapilan deneylerle
dogrulanmistir. Bu ¢alisma Oznitelik diizeyinden ag
yerlestirme algoritmalar1 gesitlendirilmis davranig modelleri
icin veri gerceklestirmeye yonelik ilk calismadir. Onerilen
yontemin son teknoloji smiflandiricilardan daha iyi
performans gosterdigi gézlemlenmistir.

Shiguihara ve ark., [17]’de dolandiricilik tespiti i¢in denetimli
makine Ogrenme tekniklerini kullanmistir. Alanla ilgili
kisitlamalar kullanilarak dolandiricilik tespiti i¢in olasilikli bir
grafik model olusturulmasi amaciyla bir yontem onerilmistir.
Calismada BankSim veri seti iizerinde K2 arama, Hill-
Climbing, Simulated Annealing gibi Bayes Aglar
algoritmalar1 kullanilmustir.

Lopez ve Axelsson, [18]’de Banksim veri seti {izerinde k-NN,
XGB, RF makine ogrenimi algoritmalari kullanarak
dolandiricilik tespiti gerceklestirmislerdir. Bu calismada
dengesiz veri seti undersampling yontemiyle dengeli hale
getirilmigtir. K-NN precision (hassasiyet) degeri 0.83, recall
(duyarlilik) degeri 0.61, fl skor degeri 0.70 olarak
bulunmustur. Ayn1 degerler sirastyla XGB i¢in; 0.89, 0.76,
0.82 olarak bulunurken, RF igin ayni degerler sirasiyla; 0.24,
0.98, 0.82 olarak bulunmustur.

Islam, [19]’da kredi 6demelerindeki sahtecilik tespiti i¢in en
etkili yontemleri ve makine Ogrenimi algoritmalarint ele
almistir. Banksim veri seti tizerinde undersampling yontemi ile
veri setini dengeledikten sonra k-NN igin kesinlik degerini
0.80, SVM igin kesinlik degerini 0.77, RF icin kesinlik
degerini 0.93 olarak elde etmistir. K-NN i¢in precision, recall,
fskor degerleri sirastyla; 0.80, 0.80, 079 olarak, SVM igin ayni
degerler sirastyla; 0.76, 0.77, 0.76 olarak, RF i¢in ay1 degerler
strastyla; 0.93, 0.93 ve 0.93 olarak elde edilmistir.

Tablo 1.’de incelenen literatiir = ¢aligmalariin  bir
karsilagtirllmas: sunulmaktadir. Olasihikli grafik modellerin
diger temel tekniklere goére %99.272 dogrulukla daha iyi
performans gosterdigi gézlemlenmistir.
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Tablo 1. Literatiir Taramasi.

Referans Methodlar Algoritmalar Veri Seti Metrikler
Lopez ve Axelsson, ~ Makine Ofirenmesi RF, XGB, k-NN Banksim Precision, Recall, F1
2014 [18] Skor
Yang ve ark., 2015 TADW (Metin Derin Yiiriig Cora, Wiki, Citeseer Matrix
[10] Tabanli Derin PLSA Carpanlara
Yiiriiyiig) Transdiiktif SVM Ayirma
SVM
Xie ve ark., 2016 POI (Grafik tabanli iki parcal: grafik Foursquare, Gowalla Precision
[11] ilgi noktasi gbmme optimizasyon Recall
iyllegtirme) ortak yerlestirme Accuracy
Ogrenim Rank
Roy ve ark., 2017 Derin Ogrenme Yapay Sinir Aglart  Parakende bankacilik Precision
[12] Ozyinelemeli Sinir yapan bir firmanin Recall
Aglan hesap ve iglem Accuracy
Uzun-kisa vadeli ayrmtilari
bellek
Gegisli Ozyinelemeli
Birim
Shiguihara ve ark., ~ Makine Ofrenmesi Naive Bayes (NB) Banksim Precision
2018 [17] Hill-Climbing Recall
Simulated Annealing Accuracy
K2 Arama
Islam., 2018 [19] Makine Ofrenmesi k-NN, SVM, RF Banksim Precision
Recall
F skor
Accuracy
Lebichot ve ark., Derin transfer Derin sinir ag Bir kurulus Precision
2019 [15] Gfrenme algoritmalari tarafindan elde Recall
edilmig 5 aylik e- AUC-PR
ticaret ve yliz ylize
islem bilgileri
Wang ve Zhu., 2020 Islem kayitlarmmn Cok-ajanli Cin’deki ticari Precision
[16] grafik gosterimi davranigsal modeller ~ bankalar tarafindan Recall
Network embedding Tek-ajanh elde edilmis 3 aylik AUC-ROC
Dolandiricilik tespit davramssal model B2C ve C2C islem
modelleri Lojistik regresyon kayitlari
(LR)
RF, XGB, CNN, NB
1 Ocak-31 Arahk AUC, Recall
Cheng ve ark., 2020  Mekansal-zamansal LR, 2016 tarihleri
[9] dikkat tabanh bir GradientBoosting, arasinda toplanan
grafik a1 (STAGN) ~ MLP, AdaBoost,  gergek kelime kredi
STAGN karti iglem kayitlari
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Incelenen literatiir caligmalar1 géz oniine alindiginda cizge
tabanli yontemlerin makine 6grenimi yontemlerine kiyasla
daha yiiksek dogruluk orani sagladigi ve daha hizli geri
doniisler gergeklestirdigi gozlenmistir. Bu ¢alismada ise
literatiirdeki g¢alismalardan farkli olarak, makine O6grenimi
algoritmalar1 ¢izge algoritmalar1 ile birlikte kullanilarak
performans sonuglar1 optimize edilmistir. Bu ¢alisma makine
O0grenimi algoritmalarmin birlikte kullanilarak daha iyi
sonuclar elde edebilecegini gosterme konusunda literatiire
katki saglamaktadir.

Metodoloji

Grafik veri bilimi, aramalar1, sorgulari ve ¢izge algoritmalarini
kullanarak ag yapilarinin kesfedilmesini ve analiz edilmesini
saglar. Ayrica ayrik matematigin bir alt alani olan grafik
teorisinden yararlanarak, dolandiricilik tahmin dogrulugunu
arttirir ve finans hizmetleri firmalarina kiigiik yiizdelik
oranlarina sahip dogruluk artis1 saglasa bile firmalar
milyonlarca dolar tasarruf elde edebilir [20].

Dolandiricilik tespiti igin kullanilacak veriler ¢esitli yerlerden
cesitli formatlarla toplansa bile kendi baslarina bir deger
saglamazlar. Verileri anlamlandirmak i¢in veriler arasi iletisim
kurularak ve veriler diizenlenerek bilgi iiretimi saglanmalidir.
Bu bilgiler ve aralarindaki iligkiler olduk¢a karmagsiktir ve
doniisiim islemi olduk¢a caba gerektirir. Uzun bir doniisiim
isleminin sonunda veri gergek degerini bulur ve bu bilgiden
deger elde edilerek eyleme doniistiiriilebilen bir 6grenme elde
etmek zeka gerektirir. Bu zekd makine 6grenimidir [21]. Grafik
modeli iyi analiz edilmis verinin ydnetimine yardimci
olmaktadir. Iliskisel bir veritabani sorgulamak veya NoSQL
veri tabanindaki bir degerden anahtar ¢ikarmak karmagik bir
istir ve grafiklerin sorgulanmasi bu agidan kolaydir, birden
fazla kaynaktan gelen verileri birlestirebilir ve egitimde
kullanilacak degisken listesinin bulunmasmi ve ¢ikarilmasini
kolaylastirir. Model olugturma siirecini hizlandirir, verileri dis
bilgi kaynaklariyla kolaylikla birlestirir ve veriler istenilen
formatta digar1 aktarilabilir. Tiim bu avantajlarindan dolay1 bu
calismada dolandiricilik analizi yapilirken makine 6grenimi
yontemleri ¢izge madenciligi yontemleriyle birlestirilerek
analizin dogrulugu arttirilmistir. Grafik veri tabani ve ¢izge
madenciligi i¢in Neo4j araci kullanilmistir. Neo4j nin en biiyiik
grafik toplulugu olmasi, yiiksek performansli okuma ve yazma
Olceklenebilirligi saglamasi, grafik depolama ve islemede
yiiksek performans saglamasi, 6grenmesi ve kullanmasimnin
kolay olmast ve giivenilir olmasi bu g¢alismada Neo4j’nin
secilmesine sebep olmustur [22]. Makine 6grenimi yontemleri
CRISP-DM modelinin 6 asamasii i¢ermektedir. Bunlar; is
anlayisi, verileri anlama, veri hazirlama, modelleme,
degerlendirme ve dagitimdir [23]. Dolandiricilik tespiti igin
makine 6grenimi smiflandirma algoritmalarindan SVM, RF,
XGB, k-NN algoritmalar1 kullanilmigtir ve 5-katlamali ¢apraz
dogrulama  kullanilarak  performans degerlendirmeleri
gerceklestirilmistir.

Veri seti ve neodj

Bu calismada Ispanya’daki bir bankaya ait toplu banka
O0demelerinin bir Ornegine dayanan, BankSim veri seti
kullanilmistir [24]. Veri setinin temel amaci, dolandiricilik
tespiti aragtirmalarinda kullanilabilecek sentetik verilerin
iiretilmesidir. Modeli gelistirmek ve kalibre etmek i¢in satici
ve miisteriler arasindaki iligkilerin istatiksel ve sosyal ag
analizi kullanilmistir. Veri setinde normal &demeler ve

dolandiricilik verileri mevcuttur. BankSim yaklagik alti ay
boyunca 180 adimda caligtirilmis ve test i¢in giivenilir bir
dagitim elde etmek icin parametreler kalibre edilmistir.
587443 tane normal ddemelerin ve 7200 hileli 6demelerin
oldugu toplam 594643 kayit dretilmistir [25]. Neo4j,
glinimiizde finansal hizmetler, enerji, yonetim, teknoloji,
parakende ve imalat dahil olmak iizere neredeyse tim
sektorlerde iiriin ve hizmetleri gelistirmek amaciyla binlerce
sirket ve kurulug tarafindan kullanilan bir grafik veri tabam
aracidir [26]. Bu calismada 6n isleme asamasindan ge¢cmis veri
setini gorsellestirmek amaciyla Neo4j veritabani ve CypherQL
dili kullanilmustir. Gorsellestirilen veriseti python 3 ile Neo4j
veri tabanina baglanilarak CypherQL sorgu dili ile
veritabanindan c¢ekilmistir. CypherQL’le gorsellestirilmistir
grafik veri setinin temel yapis1 Sekil 1.’de gosterildigi gibidir.

Transaction

W€

Sekil 1. Neo4;j ¢izge veri seti yemel yapisi.

Sekil 1’de CypherQL’le olusturulan grafik veri seti daha sonra
Placeholder diigiimiine bagli miisteri ve banka indeksleri
eklenerek genisletilmistir. Burada Customer ve Bank,
Constraint (ana diigiimler) olarak etiketlenmistir. ikisi
arasindaki  baglantt  ise, transaction digimi ile
gerceklestirilmistir. PageRank, Community ve Degree gibi
agda yiiksek bir degere sahip diigiimleri belirleyen c¢izge
algoritmalar1 Placeholder olarak etiketlenen miisteri ve banka
indeksleri iizerinde gergeklestirilmistir. Bu iglemin amaci bir
diigiim bozulmak istendiginde agin ne kadarini etkileyecegini
belirlemektir. Ornegin bir agda yalnizca en biiyiik degere sahip
son miisterilerden birine uygun bir bi¢imde doniistiiriilen bir
doniistim siireci oldugu varsayilirsa siiregten gecen ¢ok fazla
yol yoktur. Bu nedenle diigiimiin ara merkezligi oldukca
diigiiktiir ama diiglimiin degeri zincirdeki dnemli bir 6geyi
etkiledigi icin yiiksektir. Placeholder digimi Sekil 2.’de
goriildigii gibidir.

Payes

Sekil 2. Placeholder diigiimii.
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Placeholder diigiimiine bagli miisteri ve banka indekslerinin
her biri Community, Degree, PageRank degerlerini igerir.
Cizge algoritmalar1 Placeholder etiketi iizerinde uygulanmis
ve Placeholder’m baglantisi kendisine d6demeler linkiyle
baglanacak sekilde gerceklestirilmistir. CypherQL ile
genisletilen veri seti indeksleri ve CypherQL kodu Sekil 3.’de
goriildiigii gibidir.

Placeholder Indexlerini olusturmak icin kullamlan CypherQL Kodu:
CREATE ( M348934600:Placeholder {

id: "'M348934600",

degree: 11787,

pagerank: 139.32018184661865,
community: 608498})

Sekil 3. Placeholder diigiimii genisletme.

Veri on isleme

Veri 0n isleme agsamasinda oncelikle her bir siitundaki bos de
ger sayilari tespit edilmigtir. Daha sonra veri ¢ergevesindensin
if Oznitelikleri alinmistir. Zipcodeori ve zipMerchant siitunlar
1 tiim satirlar i¢in ayni degere sahip oldugundan bu siitunlar si
linmistir. Veri seti 6zellik aginda yiiksek degere sahip diigiiml
er belirlendikten sonra step, age, gender, customer, fraud siitu
nlar1 silinerek One Hot Encoding ile veri kategorilendirilmesi
islemi gerceklestirilmistir. Daha sonra 6zellik standartlastiriim
as1 islemi yapilmustir. I¢ dzellikler ve ¢izge tabanh dzellikler k
ullanilarak denetimli 6grenme modelleri egitilmistir. Bu islem
lerden sonra sahte diigiimler ve gergek diigiimler arasinda ¢ok
fark oldugundan veri setini dengelemek amaciyla veri setine u
ndersampling yontemi uygulanmistir. Undersampling islemi s
onrasinda sahte ve gergek diigiim sayis1 7200 olarak belirlenm
istir. On isleme asamasinda boyut kiiciiltme islemi PCA (Prin
cipal Component Analyses) kullanilarak ve bilesen sayisini va
ryansin %95°1 agiklanacak sekilde sinirlandirilarak gergeklest
irilmistir.

Makine 6grenimi ve cizge algoritmalar:

Destek vektor makinesi (SVM), gliniimiizde makine 6grenimi
ve desen smiflandirmasi alaninda 6nem kazanmstir [27]. SV
M, girdi uzaymda dogrusal veya dogrusal olmayan bir ayirma
yiizeyi gergeklestirilerek elde edilir. Destek vektorii siniflandi
rmasinda ayirma iglemi destek vektorleri ile iliskili ¢ekirdekle
rin dogrusal bir kombinasyonu olarak ifade edilebilir. Bu ¢alis
mada Lineer SVM algoritmasi kullanildi. Lineer SVM destek
vektor kiimesini asamali olarak olusturan sezgisel olarak tahm
in yapan bir algoritmadir [28]. Son zamanlarda, kars1 sinifa en

yakin nokta ¢iftinin her zaman Destek Vektorleri oldugu kanit
lanmistir. Lineer SVM, aday destek vektorii kiimesindeki bu n
okta ¢ifti ile baglar. Her yineleme sirasinda maksimum ihlal e
denin bir destek vektori oldugu varsayilmistir [29]. Algoritm
a her yineleme sirasinda maksimum ihlal edeni bulur ve maks
imum ihlal edeni bir destek vektorii yapmak i¢in aday destek
diizlemini dondiiriir. Uzayin boyutunun agilmasi veya tiim ver
i noktalarinin yakinsama olmaksizin kullanilmasi durumunda,
algoritma, zit siniflardan bir sonraki en yakin nokta ¢ifti ile ye
niden baglatilir. Lineer SVM geometrik olarak tanimlanmigtir
ve anlagilmasi kolaydir.

Random Forest algoritmasi aga¢ tahmin edicilerinin bir kolek
siyonudur. H (x; 6k), k=1,...,K ifadesinde x, iliskili rasgele v
ektori, 0k ve k bagimsiz ve 6zdes olarak dagitilmis (id) rasgel
e vektorleri temsil eder. Algoritmada sayisal bir sonuca sahip
olundugunda regresyon ayarina odaklanilir, ancak siiflandir
ma (kategorik sonug) problemleriyle bazi 6zel temas noktalari
kurulur [30].

XGBoost algoritmasi Gradient Boosting algoritmasinin ¢esitli
diizenlemeler sonucu optimize edilmis halidir. Yiiksek tahmin
giicli elde edebilmesi, asir1 6grenmeyi onlemesi, bos verileri
yonetmesi Ozellikleri ile iyi bir performans gosterir [31].
XGBoost algoritmasinda ilk adim olarak ilk tahmin
gergeklestirildi. Bu deger 0,5 olarak varsayildi. Gézlemlenen
degerden tahmin edilen degerlerin ¢ikarilmasiyla hatalar elde
edildi. Hatalar Ogrenilerek dogru tahmine yaklasma
amaglandi.

K-Nearest-Neighbors algoritmas1 parametrik olmayan (non-
parametric) bir makine 6grenimi algoritmasidir. Egitim seti
kullanan algoritmalara kiyasla k-Neighbors egitim veri seti
kullanarak egitim verilerini dgrenmek yerine ezberler ve
tahmin yapmak igin veri seti igerisindeki en yakin komsulari
arar. Ilk asamada bir k degeri belirlenir. Bu k degeri kadar
elemana bakilir. Gelen deger ile en yakin komsu eleman
arasindaki uzaklik 6klid fonksiyonu ile hesaplanir. Oklid’e
alternatif olarak Manhattan, Minkowski ve Hamming
fonksiyonlar1 da kullanilabilir. Uzaklik hesaplamasindan sonra
siralama yapilir ve gelen deger uygun sinifa atanir [32].

PangeRank algoritmasi diigtimlerin gegis etkisini veya
baglanabilirligini 6lgen en popiiler ¢izge algoritmasidir ve
admi Larry Page’den almistir [33]. Bu algoritma Neo4j’de
diigiimlerin oncelikli olmasina bagli olan hesaplamalarda

kullanilmigtir.  PageRank hesaplamasi Denklem 1.°de
gosterildigi gibidir.
. PR(TY) | PR(Ty)
PR(A) = (1-d) +d(Z 4+ 0 (1)

Burada bir A sayfasinin T; ile T, sayfalarma sahip oldugu
varsayilir. Buradaki d, 0 (dahil) ile I1(hari¢) arasinda
ayarlanabilen bir soniimleme faktoriidiir ve genellikle 0.85°e
ayarlanir. C (A), A sayfasindan ¢ikan baglantilarin sayisidir.

Degree algoritmast bir diigiime bagli iligkilerin sayisini
6lgmektedir [34]. Calismada bu algoritma hangi diigiimiin en
cok alt diigiime sahip oldugunu belirlemek i¢in kullanilmustir.

620



DUJE (Dicle University Journal of Engineering) 12:4 (2021) Sayfa 615-625

Community algoritmasi, modiilerlik puanini en iist diizeye
¢ikarmaya dayali olarak aglardaki topluluklari algilamaktadir
[35]. Calismada bu algoritma grafikte alt topluluklari bulmak
icin kullanilmugtir.

Deney sonuclar:

Neo4j’de olusturulan ¢izge veri setinin {izerinde islem
yapmadan 6nce klasik makine 6grenimi yontemleriyle SVM,
XGB, kNN ve RF algoritmalarmin k-katlamali ¢apraz
dogrulamasina gore performans karsilagtirmasi yapilmistir.
Performans degerlendirmeleri i¢in  karisgtklik — matrisi
kullanilmistir.

Karisiklik Matrisi: Gergek degerlerin bilindigi bir test verisi
iizerinde herhangi bir smiflandirma modelinin performans
tanimlamasi i¢in siklikla kullanilan bir tablodur.

Bu c¢alismada SVM, XGB, RF, k-NN smiflandirici
modellerinin karigiklik matrisinden elde edilen degerler Tablo
2.’de goriildigii gibidir. Bu tabloya gére XGB, RF, SVM ve
k_NN algoritmalarinin kesinlik ve F1 skor degerleri oldukg¢a
benzer ¢ikmistir. Bu sonuglar dengesiz veri seti tizerinde yani;
undersampling yontemi uygulanmadan once elde edilen
sonuglardir.  Undersampling  yonteminin  uygulanmasi
sonucunda RF, XGB, SVM ve k-NN algoritmasi
smiflandiricilart igin elde edilen sonuglar K-katlamali ¢apraz
dogrulama ile karsilagtirilmistir. Elde edilen sonuglar Tablo
3.”de goriildigi gibidir.

K-katmanli  ¢apraz dogrulama bir makine Ogrenmesi
modelinde gerceklestirilen testin hatasin1  daha yiiksek
dogrulukla tahmin etmek i¢in kullanilan bir tekniktir. Bu
yontemde temel mantik egitim veri setinden dogrulama
kiimeleri olarak da bilinen oOrnek go6zlem bdliimleri
olusturmaktir. Veri kiimesi k alt kiimeye boliiniir ve k kez
tekrarlanir. Her defasinda k alt kiimelerinden biri test kiimesi
olarak kullanilirken, diger k1 alt kiimeleri bir egitim kiimesi
olusturacak sekilde birlestirilir. Bundan sonra her bir k
denemesi i¢in ortalama hata degeri hesaplanir. Bu yontemin
avantaji  verilerin nasil boliindiigiinii odak noktasina
almamasidir. Her veri noktasi k kere test setinde yer alirken k-
1 kere egitim setine girer. K arttik¢a sonug tahmin varyansi da
azalir. Bu yontem k kere tekrarlanma zorunlulugu icerse de her
bir test kiimesinin bilylikliigliniin anlagilmas: ve kag tane
bagimsiz deneme oldugunun belirlenmesi agisindan
avantajlidir. Tablo 3°de XGB, RF, SVM ve k-NN

algoritmalarinin veri setinde undersampling uygulanmasi
sonucunda veri seti dengelenerek Kkesinlik ve F1 skor
metrikleri i¢in daha tutarli degerler elde edilmistir.

Python {izerinden Neo4j veri tabanina baglanildiktan sonra
CypherQL ile veri tabanindaki veri diigiimleri ¢ekilmistir. Bu
veri lizerinde daha Onceki bolimlerde gosterilmis olan 6n
isleme asamalar1 gergeklestirilmistir. On islemeden sonra veri
seti izerindeki PageRank, Community, Degree gibi diigiimler
hakkinda ana merkez ve derece yiiksekliklerini belirleyen
cizge algoritmalari uygulanmistir. Son olarak uygulanan XGB,
RF, SVM ve k-NN yakin komsu algoritmalari ve genisletilmis
cizge wveri seti lizerinde S5-katlamali ¢apraz dogrulama
kullanilarak performanslar karsilagtirilmistir. Sonuglar Tablo
4.de goriildiigii gibidir. RF ve k-NN algoritmalarinin diistik
de olsa F1 skor ve kesinlik degerleri optimize edilmistir. XGB
algoritmasi igin duyarlilik (recall) degerinde kiiciik de olsa bir
performans iyilestirilmesi gézlemlenmistir.

Ayrica RF i¢in klasik makine 6grenimi yontemi ve ¢izge
algoritmalartyla birlikte ¢izge veri setine uygulanan yontemin
egitim ve tahmin siireleri karsilastirilmigtir. Sonug Sekil 4’de
goriildigi gibidir.

Time Evaluation ----------
training time std: 50.490270488262176
training time enh 49.02800601005558:
pred_time std 1.3038832473754878:
pred time enh 1.2147937798500064:

Sekil 4. Tahmin ve egitim siiresi.

Training_time_std ve pred_time_std standart makine 6grenimi
algoritmalariyla yapilan egitim ve tahmin siirelerini ifade
etmektedir. Training_time_enh ve pred_time_enh ise
genisletilmis ¢izge analizi algoritmalar1 ve standart makine
6grenimi algoritmalarinin  birlikte kullanildigi egitim ve
tahmin siirelerini ifade etmektedir. Kiigiik de olsa genisletilmis
cizge analizi ve klasik makine 6grenimi yontemlerinin birlikte
kullanilmast egitim ve tahmin sirelerinin kisalmasini
saglamustir.
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Tablo 2. Performans sonuglar1 ve siniflandirici algoritmalari

Siniflandiricr Algoritmalar: ve Performans Sonuglar

Smiflandirict Modeli  Kesinlik (Accuracy) Duyarhhk (Recall) Hassasiyet (Precision) F1 Score
XGBoost 1 0.76 0.90 0.82
Random Forest 0.99 0.74 0.91 0.82
SVM 0.99 0.64 0.88 0.74
3-En Yakin Komsu 1 0.74 0.85 0.79
Tablo 3. Performans sonuglar1 ve siniflandirict algoritmalari
Simiflandiricr Algoritmalari ve Performans Sonuclan

Smiflandirict Modeli  Kesinlik (Accuracy) Duyarhhk (Recall) Hassasiyet (Precision) F1 Score
XGBoost 0.89 0.86 0.92 0.89
Random Forest 0.86 0.84 0.88 0.86
SVM 0.84 0.76 0.91 0.83
3-En Yakin Komsu 0.89 0.85 0.93 0.89

Tablo 4. Cizge madenciligi ve ML performans sonuglari ve siiflandirici algoritmalari

Simflandiricr Algoritmalan ve Performans Sonuglar

Sinflandiric: Modeli  Kesinlik (Accuracy) Duyarhlik (Recall) Hassasiyet (Precision) F1 Score
XGBoost 0.89 0.87 0.92 0.89
Random Forest 0.88 0.83 0.92 0.87
SVYM 0.84 0.76 091 0.83
3-En Yakin Komsu  0.90 0.85 0.93 0.89

Tablo 2 dengesiz veri setinden yalnizca makine 6grenimi
yontemleri kullanilarak elde edilen sonuglari, Tablo 3 veri seti
undersampling yontemi ile dengeli hale getirildikten sonra
yalnizca makine grenimi yontemleri kullanilarak elde edilen
sonuglar1  gostermektedir. Tablo 4, Neo4j aract ile
gorsellestirilen veri setinin diigiimleri tizerinde Community,
PageRank, Degree gibi c¢izge algoritmalart uygulanarak
diigim derecelerinin belirlenmesinden sonra uygulanan
makine 6grenimi yontemlerinin sonuglarmi gostermektedir.
Tablo 3 ve Tablo 4 karsilastirildiginda RF ve k-NN kesinlik
degerlerinde kiiciik de olsa bir iyilesme gozlemlenmistir.
Ayrica XGB duyarlilik degeri ve RF hassasiyet ve f1 skoru
degerleri de kiiciik de olsa iyilesme gostermistir. Kurumsal
firmalar agisindan ¢ok kiiglik iyilestirmelerin bile firmaya
kazang saglama konusunda 6nemsendigi bilinmektedir [20].

Bu nedenle kiigiik de olsa yapilan iyilestirmeler kurumsal
firmalar tarafindan 6nem arz etmektedir.

Yapilan iyilestirmeleri daha net gézlemleyebilmek amaciyla
Tablo 5.’de literatiir taramasi kisminda incelenen [18] ve
[19)°daki calisma sonuglariyla elde ettigimiz sonuglar
kiyaslanmistir. Her bir algoritma igin sirasiyla kesinlik,
hassasiyet, duyarlilik ve f1 skor degerleri belirtilmistir.

622



DUJE (Dicle University Journal of Engineering) 12:4 (2021) Sayfa 615-625

Tablo 5. Diger ¢aligmalarla elde edilen sonuglarin kiyaslanmasi.

K-ININ RF

Referans Algoritmasa Algoritmasy

Metrikler
Precision (P)
Recall (R)
Accuracy (A)
F1 Score (F1)

XGB
Algoritmasa

SVM
Algoritmasi

Lopez ve ~ ~
Axelsson, 2014
[18]

Islam., 2018 [19] N A

ML ve Cizge A ~
Algoritmasinin
birlikte
kullamlmasiyla
elde edilen
sonuglar

k-NIN P: 0.83
k-NN R:0.61
k-NN F1: 0.70
XGB P: 0.89
XGB R: 0.76
XGB Fl1: 0.82
RF P: 0.24
RF R: 0.98
RF F1: 0.82

x \.f k-NN P: 0.80
k-NN R: 0.80
k-NN F1: 0.79
k-NN A: 0.80
RF P: 0.93

TR
277
o
W

ook
O’ -
PEAT-P

FrpMANo o
RO

e
0.
B

SVM

Tablo 5.’de bu ¢alismada elde edilen sonuglarla literatiirde
ayni veri setini, ayni 6n isleme yontemini ve yalnizca
makine Ogrenimi algoritmalarint kullanan ¢aligmalarin
sonuglar1  listelenmistir.  Her bir algoritma igin
degerlendirme metrikleri Precision (P), Recall (R),
Accuracy (A), F1 Score (F1) olacak sekilde kisaltilarak
degerleri verilmistir. K-NN, XGB ve SVM igin ¢izge
algoritmalariyla birlikte kullanilan makine 6grenimi
algoritmalar1 yonteminin daha iyi sonuglar elde ettigi
gbzlemlenmistir.

Sonuc¢

Bu c¢alismada oncelikle BankSim veri seti iizerinde veri 6n
isleme agamasi gerceklestirilerek makine &grenimi
modelleri i¢in hazir hale getirilmistir. Daha sonra XGB,
RF, SVM, k-NN algoritmalariyla veri setinin
smiflandirilmas1  gergeklestirilmigtir.  Veri  setinin
dengesizliginden kaynaklanan ve tutarsiz olan kesinlik ve
F1 skor degerleri nedeniyle wveri seti tizerinde
undersampling uygulanarak daha tutarli kesinlik ve F1 skor
degerleri elde edilmistir. Neo4j veri tabaninda veri seti
grafigi olusturulduktan sonra Community, PangeRank ve
Degree algoritmalariyla birlikte standart makine 6grenimi
algoritmalar1 uygulanmistir. Cizge algoritmalariyla XGB,
RF, k-NN algoritmalarinin sonuglarinin optimize edildigi
gorlilmistiir. Makine 6grenimi algoritmalarmin ve ¢izge
algoritmalarmin birlikte kullanilmasiyla daha iyi sonuglar
elde etmek ve daha kolay islemler gerceklestirmek

miimkiindiir. Neo4j araci bu iglemleri gerceklestirmede ve
cizge algoritmalarini kullanmada oldukca kullanighdir.
Birden ¢ok kaynaktan toplanan verilerin kullanilmasina
imkan vermesiyle birlikte kendi iginde de egitim amagh
cesitli veri setleri barindirmaktadir ve kaynak sayisi
oldukga fazladir. Siirekli yeni algoritmalarin gikarilmasi ve
optimize edilmesi sonucunda caligma gelecekte farkl
makine 6grenimi algoritmalartyla ve ¢izge algoritmalarinin
birlestirilmesiyle gerceklestirilebilir. Calismada sadece
CypherQL kullanilarak makine &grenimi algoritmalart
olmadan  Neo4j {izerinde script’ler  kullanarak
dolandiricilik risk tahminlerinin yapilmasit mimkiindiir.
Burada kullanilan scriptler bir 6zellik olarak belirtilebilir.
Bu ¢alismada  dolandiricilik  tespitinde  ¢izge
algoritmalarmin ve makine &grenimi algoritmalarmin
birlikte kullanilmasinin zaman ve performans agisindan
sonuglarda iyilestirme meydana getirdigi gosterilmistir.
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Giiniimiizde ii¢ fazli asenkron motorlarin kullanimi yaygin olmasiyla birlikte gelisen teknolojiye paralel
olarak ¢ok fazli (3’ten fazla) asenkron motor kavrami ortaya ¢ikmustir. Cok fazli asenkron motorlar
geleneksel {i¢ fazli asenkron motorlara gdre bircok avantaja sahiptir. Ozellikle yiiksek gii¢ gerektiren
uygulamalarda, elektrikli ve hibrit araglarda, hava ve deniz tasitlarinda vs. kullanilmaktadir. Cok fazli
asenkron motorlar genellikle inverterlerle beslenmektedir. Inverterin ¢ikisindaki harmonikler o dalganin
kalitesinin belirlenmesindeki en temel unsurdur. Harmonik bozulmalarin 6niine ge¢mek igin cesitli
yontemler kullanilarak ¢ikis dalga seklinin siniise yakin olmasi amaglanmaktadir. Bu yontemlerden biri de
siniizoidal darbe genislik modiilasyon teknigidir. Bu ¢aligmada siniizoidal darbe genislik modiilasyon
yontemi ile bes fazli asenkron motorun kontrolii yapilmistir. Bes fazli asenkron motora ait matematiksel

modiilasyonu denklemler kullanilarak, bes fazli asenkron motorun simulink model uygulamasi d-q referans ¢ergevesinde
olusturulmustur. Benzetim modelleri MATLAB/Simulink paket programinda gergeklestirilmistir.
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* Sorumlu Yazar

Today, with the widespread use of three-phase induction motors, the concept of multi-phase (more than 3)
induction motors has emerged in parallel with the developing technology. Multi-phase induction motors
have many advantages over traditional three-phase induction motors. Especially it is used in applications
requiring high power, electric air and sea vehicles, etc. Multiphase induction motors are generally fed with
an inverter. Harmonics at the output of the inverter are the most basic element in determining the quality
of that wave. It is aimed to have the output waveform close to the sinus by using various methods to
prevent harmonic distortions. One of these methods is the sinusoidal pulse width modulation (SPWM)
technique. In this study, five-phase induction motor control was discussed using the sinusoidal pulse width
modulation technique. A model was created by using the mathematical equations of the five-phase
induction motor, and then a 5-phase supply source model was created. Simulation models were created in
MATLAB / Simulink package program.
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Giris

Gilinlimiizde ii¢ fazli sebekeye erisim kolay oldugundan kiiciik
giiclerde tek fazli asenkron motorun kullaniminin diginda
asenkron motor daha ¢ok ti¢ fazli olarak tiretilir. Teknolojinin
gelismesine bagli  olarak giic elektronigi alanindaki
ilerlemelerle birlikte yar1 iletken anahtarlardaki iletim ve
anahtarlama kayiplar1 azalmistir. Bu nedenden dolay1 asenkron
motorlarda verimlilik artis1 s6z konusu olmustur. Bu
gelismelere paralel olarak ¢ok fazli asenkron motor kavrami
hayatimiza girmistir. Cok fazli asenkron motorlar geleneksel ii¢
fazli asenkron motorlar ile kiyaslandiginda birgok avantaja
sahiptir.

Bu avantajlardan bazilar1 sunlardir;
e Faz sayisi arttikca gerekli olan giic fazlar arasinda
boliindiigiinden gii¢c tasima kapasitesi daha yiiksek
olur,

e  Tork titresimi azalir,
e Daha fazla giivenilirlige sahip olur,

e Statorda meydana gelen faz kaybi, motorun c¢aligma
ve baglama durumunu engellemez,

e Ayni boyuta sahip motora gére amper bagina iiretilen
moment artar,

e  Stator bakir kaybinda azalma meydana gelir,
e  Rotor harmonik akimi azalir [1],

e Birveya iki faz1 kisa devre ya da agik devre olsa bile
calisabilir [2].

Cok fazli asenkron motor siiriiciilerinin ana uygulama
alanlarina;

e  Elektrikli veya hibrit araclar,

e  Elektrikli trenler ve gemiler,

e Hava tasitlari,

e Uzay araglari ve

e  Yiiksek gii¢c gerektiren uygulamalar
ornek olarak verilebilir [3].

Materyal ve Yontem

Bu boliimde ¢alismada kullanilan bes fazli asenkron motor, bes
fazli inverter ve inverter modelinde kullanilan modiilasyon
teknigi hakkinda bilgi verilmektedir. Bes fazli asenkron
motorun matlab/simulink model uygulamasi d-q referans
cercevesinde olusturulmustur.

Bes fazl asenkron motor

Bes fazli asenkron motorun calismasi, {i¢ fazli asenkron
motorun ¢alismasina benzerdir. Aralarindaki tek fark bes fazh
asenkron motorun bes fazli bir alternatif akim (AA) sinyaline
ihtiyag duymasi ve statorunda bes fazli sargi yapisinin
bulunmasidir. Dengeli bir bes fazlida, bes grup stator sargisi
72° araliklarla dagitilir. Ug faz sarg1 yapisina gore her iki faz
arasindaki faz farkinin daha az olmasi motorun daha yiiksek
bir giic yogunluguna katkida bulunur [4]. Sekil 1 ‘de 5 fazh
asenkron motorun sematik diyagrami verilmistir.

Asenkron motorun stator sargisina bes faz besleme gerilimi
uygulandigi zaman, stator sargilarinda senkron hiz ile dénen
bir doner manyetik alan olugur. Her iki taraftan kisa devre
edilmis rotor ¢ubuklari, bu dénen manyetik alan igerisinde
bulundugundan, elektromanyetik endiiksiyon yasasina gore
rotor cubuklarinda bir gerilim indiiklenir. Bu indiiklenen
gerilim nedeniyle, rotor gubuklarindan rotor akimi akmaya
baslar ve rotorda da bir manyetik alan olusur. Bu iki manyetik
alanin etkilesimi nedeniyle bir moment iiretilir [5]. Manyetik
alan igerisinde bulunan iletkenden akim gegtiginde Biort-
Savart yasasina gore iletkene bir kuvvet etki eder ve bu kuvvet
iletkeni hareket ettirmeye caligir. Boylece motorun hareket
ilkesi ag¢iklanmis olur [6].
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Sekil 1. Bes fazli asenkron motorun sematik diyagrami

5 fazh gerilim kaynakh inverter

Sekil 2°de bes fazli gerilim kaynakli inverterin temel devresi

gosterilmistir.  Yar1 ilekten giic anahtari olarak IGBT
kullanilmustir.
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Sekil 2. 5 fazli gerilim kaynakly inverterin temel devresi

Cok fazli inverterin her bir bacag: bir fazi temsil ettigi i¢in
bacak sayisi artirilarak n sayida faz retilebilir [7]. Asenkron
motoru siirmek igin Ust anahtarlardan ii¢ anahtar ve alt
anahtarlardan iki anahtar ayni zamanda agiktir [8]. Bu durumun
tam tersi de gecerlidir. Inverterin bir bacagmi olusturan iki

628



DUJE (Dicle University Journal of Engineering) 12:4 (2021) Sayfa 627-633

anahtar birbirini tamamlar. Ornegin S1 anahtar1 agikken S6
anahtar1 kisa devreyi 6nlemek i¢in kapalidir.

Cok seviyeli inverterlerde seviye sayisi artirilarak ¢ikis dalga
seklinin siniizoidal bigime yaklagmasi saglanmasinin yani sira
farkli modiilasyon teknikleri kullanilarak da ¢ikis dalga
seklinin siniizoidal bi¢cime yaklasmasi yapilabilmektedir. Bu
yontemler darbe genislik modiilasyon teknigi olarak
isimlendirilir [9]. Bu ¢aligmada darbe genislik modiilasyon
teknigi olarak sintizoidal darbe genislik modiilasyon teknigi
kullanilmigtir.

Siniizoidal darbe genislik modiilasyon teknigi

Siniizoidal darbe genislik modiilasyon teknigi en ¢ok bilinen ve
endiistride yaygin olarak kullanilan bir yontemidir. Dijital
modiilasyon tekniklerindeki gibi karmasik hesaplara gerek
duyulmamasi ve analog olarak gerceklestirebilmesi en biiyiik
avantajlaridir. Referans siniizoidal dalga ile yiiksek frekansli
tagtyict dalganin karsilastirilmasi sonucu inverterde bulunan
yart iletken anahtarlama elemanlarinin agiklik ve kapalilik
stireleri belirlenir [10]. Sekil 3’te gerilim kaynakli bes fazh
inverter devresi gosterilmistir. Her bacakta bulunan anahtarlar,
list veya alt anahtarin durumuna gore 1 veya 0 degerini
alabilirler. Eger siniizoidal referans gerilimin degeri tasiyici
liggen dalga geriliminin degerinden biiyiik ise inverterin {ist
kolundaki anahtarlar iletimdedir, kiigiik ise alt kolundaki
anahtarlar iletimdedir.
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Sekil 3. Gerilim kaynakli 5 -fazl inverter

Siniizoidal darbe genislik modiilasyon tekniginde; referans
siniizoidal dalganin genliginin tastyict iiggen dalganin
genligine orani modiilasyon indeksi (M;) seklinde tanimlanir
[9]. M; denklem 1°deki gibi ifade edilir.
|74
Mi = Vl (1)
lucgen
Vier = Referans siniizoidal dalganin tepe degeri
Vicgen = Tasiyici liggen dalganin tepe degeri

M; ¢ikis genliginin ayarlanmast igin degistirilmektedir.
Boylece degisken genlige sahip bir siiriicii sistem elde
edilmektedir [10]. M; 'nin 0 ile 1 arasinda degismesi istenir.

Referans sinyalin genligi ile modiilasyon indeksi ayarlanir
[11].

Sinlizoidal darbe genislik modiilasyon tekniginde tasiyici
tiggen dalganin frekansmin (ficgen) referans siniizoidal dalga
frekansina (f;..s) oranma frekans modiilasyon indeksi
(mf) denir ve frekans modiilasyon indeksi verilen denklem
2’deki gibi ifade edilir.

_ fuggen

me = fref (2)

Tastyic1 liggen dalganin frekansmin degeri secilirken, mg
degerinin tamsay1 olmasina ve ayni zamanda my in 3’iin kati
olmasi durumuna dikkat edilmesi gerekir. msin tam say1
olmadigi durumlarda ¢ikis geriliminde DA harmonik
bilesenleri mevcut olacaktir [10].

Bes fazli asenkron motor modeli

Asenkron motorda, stator-rotor kuplaj terimi rotorun
pozisyonuna bagl olarak degisim gosteren bir fonksiyondur
[12]. Bu nedenle rotor pozisyonuna (8) bagli olarak rotor ile
stator arasindaki ortak endiiktanslarin, siniizoidal sekilde
degismesi sonucu gerilim denklemlerinde zaman ile degisen
katsayilar ortaya ¢ikar. Bu durum, 5 faz diizleminde motorun
dinamik davranigini ifade eden denklemlerin karmasik
olmasina ve bes faz diizleminde motor modelinin ¢éziimiiniin
zor bir sekilde gerceklestirilmesine neden olur. Fakat asenkron
motorun matematiksel modelinin bes faz diizleminden
herhangi bir referans hiz ile dénen d-g-0 referans gergevesine
aktarilmasiyla beraber rotorun hizina ve zamana bagl olarak
degisen ortak endiiktanslari igeren diferansiyel denklemler
sabit endiiktanslara sahip diferansiyel denklemlere doniismiis
olur [13].

Yapilan calismada bes fazli asenkron motorun simulink
modeli d-g-0 eszamanli olarak donen referans c¢ati
doniisiimleri ile olusturulmustur. Sekil 4’te bes fazli asenkron
motorun d-g-0 eksenli esdeger devresi verilmistir.

Whgs L (W-tr)Nar
Ir )

ls Lls rIr

Sekil 4. Bes fazli asenkron motorun d-0-0 esdeger devresi [5]
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Bes faz ile ti¢ faz modeli arasindaki tek fark x-y bilesenlerinin
varligidir. Rotor cubuklart kisa devre edildiginden rotor
sargisinda x-y bilesenleri goriinmez. Stator ve rotor i¢in, rotor
cubuklarinin kisa devre olmasindan ve stator sargisinin yildiz

baglantist nedeniyle 0 bilesen denklemleri dikkate

alinmayabilir [5].

Denklemler

Bes fazli asenkron motorun dengeli durumdaki stator

gerilimleri agagidaki denklem (3)-(7) ‘de verilmistir.

Vo = \/erms-Sin () ©)

Vo = V2. Vyms.Sin (w0 = ) O
Ve = V2. Vyms:sin (0 =) 5)
Va = V2. Vis.sin (w; +2) ©6)
Vo = V2. Vo Sin (w0 + ) )

5 fazli asenkron motorun stator ve rotor biiytikliiklerinin d-q

referans diizlemine tasinmasi denklem (8) ‘de verilen
doniisiim matrisi ile gerceklestirilmektedir.

v [cos(6) cos(6 — 2?”) cos(0 — 4?") cos(6 + 4?”) cos(0 + Z?H)] .

VZ sin(6) sin(6 — 2?") sin(6 — 4?”) sin(6 + 4?") sin(6 + z?n) {Vz]l

2
E‘ = 5lcos(8) cos(6 + 4?”) cos(6 — z?ﬂ) cos(6 + 2?11) cos(0 — ?) “//C |(8)
VZ lsin(&) sin(6 + 4?") sin(6 — Z?n) sin(6 + 2?") sin(6 — %)j |_V:J
0.5 0.5 0.5 0.5 0.5

Stator tarafina ait gerilim denklemleri denklem (9) -(13)’te
verilmistir.

Vas = Rgolgs — WetPgs + % )
Vis = Rgigs + We-gs + % (10)
Vis = Ryiys + 228 (12)
Vys = Rg.iys + % (12)
Vos = Rs.igs + 22 (13)

Rotor tarafina ait gerilim denklemleri denklem (14) -(18)’de
verilmistir.

Var = Rrigr — (0, — C‘))-wqr + 1!:;1* (14)
Vo= R.i Y
qr — r-lqr + (we - w)'lpdr + (15)
_ . Yxr
Ver = Rpilyy + (16)

dt

= Rply, + Lo (17)

(18)

Indiiklenen Moment ve Rotor Hiz1 denklemleri denklem (19)
ve denklem (20)’de verilmistir.

(19)

( wdsiqs -

P ,
E l/)qs las )

T_5
€T 2

wrzf i-(T(-;’_TL)

> (20)

Matlab/Simulink modeli

Benzetim modelinde kullanilan beg fazli asenkron motorun
parametreleri tablo 1°de verilmistir.

Tablo 1. Bes fazli asenkron motor parametreleri [11]

Motor parametreleri Degeri
Gii¢ (P) 2 HP
Gerilim(V) 220V
Akim(A) 25A
Frekans(f) 50 Hz
Hiz(n) 1440 dev/dk
Stator direnci (Ry) 100
Rotor direnci (R,) 6.3
Stator kacak indiiktans1 (L) 0.04H
Rotor kacak indiiktans1 (L;,.) 0.04H
Ortak indiiktans (L, 1.05H
Kutup sayisi (p) 4
Siirtiinme katsay1si 0.03 Kgm?
Eylemsizlik katsayis1 0.0015 Nms

Sekil 5°te siiniizoidal referans gerilim degeri ile tastyict
ticgen dalga geriliminin karsilagtirma modeli verilmistir.

ﬁ ?@D@@

HOT A_ne
_ne=g

‘a‘a I_I
i

W = MOT BE_neg
i -
r"‘.

Y = MOT C_neg
Ve I_I _
i

\y :E! [ o] D_reg
[ L -
r"‘.

v = MOT E_neg
v L -

——0

Sekil 5. Referans siniizoidal dalga ile yiiksek frekansli tagiyici
dalganin karsilagtirma modeli
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Siniizoidal darbe genislik modiilasyon tekniginde, siniizoidal
referans sinyallerin modiilasyon indeksi 0.95 iken tasiyic
ticgen sinyal ile kargilagtirilmistir. Tasiyict tiggen sinyalin
frekans1 mg in tamsay1 ve 3’iin kat1 olmasi saglanacak sekilde
1.5 kHz olarak se¢ilmistir. Bu ¢alisma durumlarina iligkin
cikig sinyali Sekil 6°da verilmistir. Sekilde siniizoidal dalganin
genligi tasiyici iicgen dalganin genliginden biiyiik oldugu
kisimda anahtar 1 konumunda tersi durumda anahtar 0
konumundadir.

Sekil 6. Siniizoidal darbe genislik modiilasyon teknigi ile
sintizoidal referans sinyal ile tastyici tiggen sinyalin
karsilastirilmasi ¢ikis sinyali

Siniizoidal darbe genislik modiilasyon yontemi ile bes fazli
asenkron motorun matlab/simulink modeli  Sekil 7’de

verilmistir.
A

A neg

Hiz

IR
i

‘ iy
4‘—L e nouw-p@
’ Moment
] q VD—|_’
"

F' 3
QL MU—L AL —b@

E Akm

SFAZLI ASENKRON MOTOR

Sekil 7. Siniizoidal darbe genislik modiilasyon yontemi ile bes
fazli asenkron motor modeli

Bulgular ve Tartisma

Sinilizoidal darbe genislik modiilasyon yontemi kullanilarak
modellenen 5 fazli asenkron motor 0-0.3 sn arasinda yiiksiiz
0.3-0.5 sn arasinda 8.83 N.m yiik momenti ile yiiklenmistir.
Modiilasyon indeksi 0.95°e ayarlanarak stator faz akimlari, hiz
ve moment grafikleri elde edilmistir. Sekil 8’de modiilasyon
indeksi 0.95 iken stator faz akimlar1 grafigi verilmistir. Sekil 9
ve Sekil 10°da modiilasyon indeksi 0.95 iken hiz ve moment
grafikleri verilmistir.

15,

‘\

‘ [H }\ il ”P( i

¢ i s

N i Il f\ﬁj@‘ gL
5“\ i \M i ‘/ ]
m W WM |

0 0.05 01 0.15 0.2 0.25 0.3 0.35 04 045 0.5
Zaman (sn)

Sekil 8. Modiilasyon indeksi 0.95 iken stator faz akimlari —
zaman grafigi

1600

1400 -

1200

000

800~

600~

Hiz (dev/dk)

400

200

0 4

200 J
0 005 [ 015 02 025 03 035 04 045 05

Zaman (sn)

Sekil 9. Modiilasyon indeksi 0.95 iken hiz — zaman grafigi

Zaman (sn)

Sekil 10. Modiilasyon indeksi 0.95 iken moment — zaman
grafigi
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Ayni galisma sartlart altinda modiilasyon indeksi 0.8 e
ayarlanarak motor caligtirildiginda stator faz akimlari, hiz ve
moment grafikleri elde edilmistir. Sekil 11’de modiilasyon
indeksi 0.8 iken stator faz akimlar1 grafigi verilmistir. Sekil 12
ve Sekil 13’te modiilasyon indeksi 0.8 iken hiz ve moment
grafikleri verilmistir.

o

——— =

i

L

Akim (a)

M |
\‘\\ ‘ “‘ | Il ‘

/\(\ “‘\“\‘H i

<n

-10*

15 | | |
0 0.05 04 015 0.2 0.25 03 0.35 04 045 05

Zaman (sn)

Sekil 11. Modiilasyon indeksi 0.8 iken stator faz akimlari —
zaman grafigi

1600

Hiz (dev/dk)

2200 L 1 1 1 1 1 1
0 0.05 04 015 02 025 03 0.35 04 045 05

Zaman (sn)

Sekil 12. Modiilasyon indeksi 0.8 iken hiz — zaman grafigi

Moment (N.m)
= >

o

5 / | | | | | | | | |

0 0.05 0.1 0.15 02 0.25 03 0.35 04 045 05

Zaman (sn)

Sekil 13. Modiilasyon indeksi 0.8 iken moment — zaman
grafigi

Sonu¢

Bu caligmada bes fazli asenkron motor siniizoidal darbe
genislik  modiilasyon teknigi (SDGM)  kullanilarak
calistirilmis ve benzetim sonuglar1 elde edilmistir. SDGM
tekniginde gerilim kontroli modiilasyon indeksi ile
yapilabilmektedir. Calismada 0.8 ve 0.95 modiilasyon
indeksleri i¢cin motorun akim, hiz ve moment grafikleri elde
edilmigtir.

Benzetim sonuglarina bakildiginda;

e M;=0.95 durumunda motorun girig gerilimi daha
yiiksek oldugundan siirekli duruma gegis siiresi
M; =0.8 oldugu duruma gore daha hizli olmustur.

e M;=0.95 durumunda motorun ¢ekmis oldugu akim
hem gegcici rejimde hem de siirekli rejimde, M; =0.8
durumuna gore daha fazladir.

e M;=0.95 durumunda motorun kalkis momenti
M; =0.8 oldugu duruma gore daha fazladir.

e Her iki durumda da motor ayni degerdeki yiik
momentiyle yiikklenmis ve M;=0.8 durumunda iken
motor yiiklendiginde hizdaki diisiis miktar1 M; =0.95
durumundaki diigiis miktarma goére daha fazla
olmustur.
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The aim of this study is to contribute to the literature by estimating the 5-weeks number of
cases/deaths for each continent by using statistical-based prediction models, which are quite
effective on simple but small-scale datasets. While Auto.arima, Tbats, Naive, Holt, Thetaf and, Drift
models were used for prediction processes root mean square error (RMSE), mean absolute error
(MAE), and mean absolute percent error (MAPE) metrics were used for evaluating estimates.
According to the confirmed cases MAPE metric values of the 5 continents analyzed, the best
predictions for Asia, Africa, Europe, America, and Oceania were done by Thetaf, Naive, Thetaf,
Auto.arima, and Auto.arima models, respectively. The use of very limited data for time series
estimates such as 57-weeks in the estimation process was a disadvantage. Most models require at
least two cycles, 104 weeks of data, to run. Therefore, we could not use models such as neural
network  autoregressive, multilayer ~ perceptrons,  extreme  learning machines.
The results obtained with the prediction models used in this study aim to make more accurate
decisions for the authorized persons dealing with health to be more prepared for future conditions

and health systems.

Doi: 10.24012/dumf.1002160

* Corresponding author

Introduction

As the COVID-19 virus poses a threat to people living
around the world, it is very important to predict the weekly
numbers of future cases/deaths to support disease
prevention and help prepare health services. Although some
restrictions, such as forcing people to stay at home from
time to time due to the pandemic process, make life boring,
it has also contributed to the cleanliness of many living
spaces, especially the environment, and the easier
movement of animals. The history of humanity has
witnessed many epidemics that have affected the people of
the world from the past to the present on a global basis.
These types of epidemics have emerged in history under
different names. [1]. Tyrrell and Bynoe first mentioned a
Coronavirus family in their study in 1966 [2]. In the
literature, corona viruses have generally been defined as
viruses with large RNA with an envelope, positive single
strand, affecting both humans and a wide variety of animals
[3]-[6]. The COVID-19 virus, which is current on a global
basis today, first appeared in Wuhan, China's Hubei
province, provisionally called 2019-nCoV [7], with the
spread of an unknown pneumonia epidemic in December
2019 [8]-[13].

On March 11, 2020, World Health Organization (WHO)
declared the COVID-19 outbreak as an official pandemic
due to the global spread and severity of the disease [14]. The
COVID-19 outbreak is the most important global crisis
since the Second World War. All countries of the world
were affected by this crisis and continue to be affected [15].
The COVID-19 virus has a higher transmission rate than
seasonal Influenza and many other diseases. In
symptomatic patients, clinical signs of the disease,
consisting of fever, cough, nasal congestion, fatigue and
other signs of upper respiratory tract infection, usually
begin less than a week later [12], [16]-[21]. COVID-19
virus not only affects people physically, but also negatively
affects people's quality of life and mental health. Many
factors such as prolonged quarantine and social distancing
can make people depressed and cause anxiety disorders
[22]. In addition, people with suspected COVID-19
transmission may  experience  stress,  depression,
nervousness, insomnia during their quarantine. People with
mental health problems are affected by the emotional
reactions brought about by the epidemic, and they can cause
mental health to deteriorate due to higher sensitivity to
stress and depression compared to other people [23]. As the
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COVID-19 pandemic has various effects on people, it has
also caused a great change in many areas such as industry,
sports, economic, financial and education [24]. In addition,
the current economic crisis and the stagnation at
commercial points caused effects in different areas. Social
distancing, self-isolation and travel restrictions have
resulted in a decrease in the workforce and loss of many
jobs in the general economic sectors. On the other hand, the
need for medical supplies and food increased
significantly[12],[24].  Artificial intelligence (Al)[25],
machine learning (ML) [26], [27], engineering techniques
[28], and time-series methods [29]-[31] have recently
made significant advances in healthcare. Al can use
advanced algorithms to learn features from a vast amount
of health data, and then use the information gained to assist
clinical practice [32].

To our knowledge, there are several studies [33]-[38] in the
literature that use different models to predict COVID-19
data, but this is the first study to use weekly continent-based
confirmed data between the first week of January 2020 and
the third week of January 2021.

This article contributes to the literature on weekly time-
series forecasting the COVID-19 outbreak in several ways:
(i) modeling weekly data mathematically in the form of
time series; (ii) to analyze weekly continental data between
the first week of January 2020 and the third week of January
2021; (iii) to make separate estimates for cases and deaths
by using six different statistical-based models for weekly
time series on a continent basis; (iv) evaluating the forecast
results with the help of RMSE, MAE, and MAPE metrics.

Research Method
Study Design

In this section, obtaining the data, modeling the data as a
time series, used prediction models and performance
metrics are given respectively. All of the weekly datasets
used in this study, given based on the world countries
COVID-19 data, were provided from the European Union
open data portal site
(https://data.europa.eu/euodp/data/dataset). The data used
here consists of 57 weeks and starts from the first week of
January 2020 and ends in the third week of January 2021.
The weekly data used in the study were made available on
the basis of country data in Asia, Africa, America (North

continents. Weekly data have been obtained separately by
taking into account the numbers of confirmed cases and
deaths in countries on five continents. The graphs of cases
and deaths belonging to the Asia-Africa, European-
America and Oceania continents are shown in Figures 1, 2,
and 3, respectively, as a 57-week time-series. In addition,
statistical values such as min, median, mean and max
belonging to five continents are given in Table 1. As seen
in Table 1, on average, the highest numbers of confirmed
cases/deaths are seen in the continents of America, Europe,
Asia, Africa and Oceania respectively.

As seen in Figure 1, weekly data consisting of 57 weeks on
the time axis are formed between the first week of January
2020 and the third week of January 2021. The highest
number of confirmed cases and deaths in Asia continent
was realized as 851577 and 12466, respectively, in the
second week (38th week) of September 2020. The number
of confirmed cases in the Asia continent has increased since
the 1st week of 2020 and reached a peak in the 38th week.
It then entered a downward trend. Although the deaths
numbers of the same continent increased similar to the cases
trend, there were occasional decreases. As can be seen in
the lower part of the same graph, the highest number of
cases and deaths in the African continent was realized as
227221 and 6501, respectively, in the 1st and 3rd week of
January 2021 (i.e., the 54th and 56th weeks). In the African
continent, the number of cases reached the first peak in the
29th week and the second peak in the 56th week. The 57-
week chart of deaths in the African continent is quite similar
to the cases chart. As seen in Figure 2, the highest number
of cases in Europe continent was realized as 2092934 in the
1st week of November 2020 (i.e., at the 45th week), while
the number of deaths was 39861 in the 3rd week of January
2021 (i.e., at the 56th week).

When the 57-week trend of the European continent is
evaluated, it is seen that the first 3 weeks continue at the 0
level, the following weeks have risen and reached the peak
in the 45th week, and then declined. On the deaths chart of
the European continent, it is seen that the first peak was
reached in the 15th week, followed by a downward trend
and then increased and peaked again in the 56th week.

In the continent of America, located at the bottom of Figure
2, the highest number of confirmed cases and deaths was

Table 1. Statistical distribution of 57 weeks of data used for Asia, Africa, Europe, America, and Oceania continents

Continent Confirmed cases Confirmed deaths

Min Median Mean Max Min Median Mean Max
Asia 1 425608 350950 851577 0 6640 5930 12466
Africa 0 55870 62804 227221 0 1518 1603 6501
Europa 0 221408 588342 2092934 0 5159 12996 39861
America 0 768081 811763 2699838 0 20057 18684 48277
Ocenia 0 686 1010 3607 0 9 21.18 148

America and South America), Europe and Oceania

realized as 2699838 and 48277, respectively, in the 1st and
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3rd week of January 2021 (i.e., the 54th and 56th weeks).
In general, it is seen that the number of cases and deaths in
the American continent increased, reaching a peak in the
54th and 56th weeks, respectively.
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Figure 1. The confirmed cases/deaths values between the
first week of 2020 and the third week of 2021 of the 57-
week time series of Asia and African continents

As seen in Figure 3, the highest number of cases in Oceania
continent was 3607 in the last week of July 2020 (i.e., in the
31st week), while the number of deaths was 39861 in the
first week of September 2020 (i.e. week 36). The numbers
of COVID-19 confirmed cases/deaths in Oceania continent
vary considerably. The death rate in the same continent is
only 2.1% of the cases rate.
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Figure 2. The confirmed cases/deaths values between the
first week of 2020 and the third week of 2021 of the 57-
week time series belonging to the European and American
continents
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Figure 3. The confirmed cases/deaths values between the
first week of 2020 and the third week of 2021 of the 57-
week time series belonging to the Oceania continent

Modeling EU-ODP data as time series and prediction
models

Time series analysis is commonly used in many fields due
to the significant relation between the past and the future.
Time series models are useful for modeling data obtained
and indexed by time [36]. Time series are used for future
predictions in many areas such as health [39], [40], sensor
data analysis [41], speech recognition [42], economics [43],
radiation forecasting [44], [45], sunspots [46], [47].

Data supplied from the EU-ODP portal can be modeled in
time series format, by means of predictor variables, as
follows:

EU_ODP = f(confirmed_cases/
deaths, time_of _week, error) @

Note that on the right, the "error" word allows for random
variation. Accordingly, the time series prediction equation
will be:

EU_ODP, 1 =
f(EUopp,, EUoppp,_1 EUoppy,_p EUoppyy_gr -0 €) )

Where subscript n is the present week, subscript n+1 is the
next week, subscript n-1 is the previous week, subscript n-
2 is the two weeks ago, subscript n-3 is the three weeks ago,
and so on. ¢ represents the random variation and the effects
of variables not included in the model. Here, future
forecasting is based on a variable's previous values, but not
on external factors that may influence the system. In the
models given hereafter, the numbers of cases / deaths
obtained weekly at time n are shown with y,,.

In this study, the Naive method, which makes predictions
based on the last observation, Drift method for all changes
that occur over time, Auto Regressive Integrated Moving
Average (auto.arima) method, Exponential smoothing state
space model with Box-Cox (Tbats) method, Holt-Winters
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[48] method and Theta method forecast (Thetaf) method in
Forecast Package imported into the R programming
environment were used in the prediction processes. [49]-
[51].

Performance evaluation

The consistency of EU_ODP confirmed cases/deaths data
will significantly influence the prediction results in terms of
calculation precision, missed values, corrupted data, and
data entry errors. In time series forecasting, where the
sample size is limited, data accuracy is particularly
important. Preprocessing the data is one of the crucial steps
of data analysis, one of the preliminary steps in that includes
feature scaling. The number of weekly EU_ODP
cases/deaths, y, was normalized by unit length
normalization (ULN), as defined by equation (3). ULN
transforms x to x’ by dividing each value of the feature
vector by Euclidean length of the vector.
' X x

X = m = W (3)
Where x’, X, and |[x|| is normalised value, original value and
Ecludian distance vector respectively. In time series
forecasting, as in the case of cross-sectional results, we first
split the data into a training cycle and a test period in order
to prevent overfitting and be able to measure the model's
predictive output on new data.

Various statistical tests, including root mean square error
(RMSE), mean absolute error (MAE), and mean absolute
percent error (MAPE) were determined to analyze the
performance of models using numerical time-series values.
In equations 4, 5 and 6, respectively, equations for RMSE,
MAE, and MAPE metrics are given.

RMSE = /%2,"1’:1(%%)2 4)

1
MAE =311 |ennl ©)

1OV
MAPE = — E
NLun=1

The n, N, e,, ¥, and h given in the equations show time,
number of observations, prediction error, actual value and
future forecast horizon, respectively.The forecast error for
time period n, denoted e,, is defined as the difference
between the actual value, y,, and the forecast value, y,, at
time n.

en

) x100 (6)

en=Yn—Yn (7)

Here, e,, does not mean a misunderstanding, it means an
unforeseeable aspect of the observation. It can be written
down as

ersh = YN+h — Yn+rIN, 8)

where the training data is given by {y1, v, v, ..., yv,} and
the test data is given by {yy.1, Yn12 Yn4s, - - Note that

prediction errors vary in two ways from residuals. Firstly,
the residues are measured on the training set while the
predicted errors are calculated on the test set. Secondly,
residues rely on one-step predictions, while forecast errors
will require multi-stage predictions.

Results and Discussion

In this study, time series were created using 57-week
COVID-19 confirmed cases and deaths data from Asia,
Africa, Europe, America and Ocean continents. Separate
time series are used for the estimation of the numbers of
cases and deaths of the continents. Six different models,
namely Thetaf, Drift, Auto.arima, Tbats, Naive and Holt,
were used in the estimation process of the time series. The
time series for training and testing of each model is divided
by 91% and 9%, respectively.

57-week COVID-19 cases and deaths prediction charts of
Asia, Africa, Europe, America and Ocean continents are
given between Figure 4 and Figure 13 with support for six
different models. In addition, the 5-week COVID-19
confirmed cases / deaths prediction test values of Asia,
Africa, Europe, America and Ocean continents are given as
RMSE, MAE and MAPE metric values in Table 2. When
the metric values given in Table 2 for the Asia continent are
evaluated together with Figures 4 and 5, it is seen that the
best estimation process for both cases and deaths time series
is made by Thetaf model when MAPE metric is taken as
reference in 5-week estimation processes. Here, the MAPE
metric value of 4.166 means that the same model made an
error of 4.166% on the test data. On the other hand, the
performance percentage of the model for the test data is
95.834%. As seen in Table 2, model achievements on the 5-
week time series used for cases for Asia continent are
Thetaf, Drift, Auto.arima, Tbats, Naive and Holt. This
ranking occurs as Tbats, Auto.arima, Naive, Holt, Thetaf,
and Drift for deaths time series. The Thetaf model made
11.93% less error in the prediction operations of the Asia
continent based on the MAPE value on the cases data,
compared to the predicted values obtained for deaths of the
same continent. In other words, the performance of the
predictions made on the cases data is 11.93% better than the
performance on deaths data. As seen in Figures 4 and 5, blue
lines display predictions for the next 5-weeks. The dark
shaded area displays 80% predicted intervals. In other
words, each potential value is predicted to lie in the dark
shaded area with a probability of 80%.

Prediction graphs of COVID-19 cases and deaths belonging
to the African continent are given in Figures 6 and 7,
respectively. We see that the Drift method shows the best
performance in the prediction of cases, whereas the Thats
model performs better in predicting deaths. Forecast
differences in time series depend on both the model, dataset
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Table 2. Five-week confirmed cases /deaths RMSE, MAE, and MAPE metric values for the continents using six
prediction models

Continent Models COVID confirmed cases test metrics COVID confirmed deaths test
metrics
RMSE MAE MAPE RMSE MAE MAPE
Asia Thetaf 0.006 0.005 4.166 0.019 0.019 16.096
Drift 0.006 0.005 4.198 0.020 0.019 16.732
Auto.arima 0.021 0.019 13.849 0.013 0.012 10.370
Thats 0.025 0.023 16.455 0.010 0.009 7.562
Naive 0.034 0.031 22.584 0.013 0.012 10.371
Holt 0.034 0.031 22.611 0.016 0.013 11.020
Africa Thetaf 0.057 0.049 17.098 0.010 0.100 28.572
Drift 0.056 0.047 17.051 0.102 0.092 26.221
Auto.arima 0.078 0.062 25.873 0.068 0.061 17.558
Thats 0.182 0.136 56.807 0.041 0.036 10.641
Naive 0.057 0.045 16.930 0.116 0.105 30.060
Holt 0.057 0.048 17.076 0.100 0.090 25.853
Europe Thetaf 0.040 0.035 16.546 0.016 0.015 6.014
Drift 0.047 0.040 19.116 0.012 0.010 4.073
Auto.arima 0.044 0.038 18.035 0.016 0.015 6.049
Thats 0.041 0.036 17.031 0.013 0.012 4.871
Naive 0.046 0.040 18.865 0.021 0.020 7.853
Holt 0.047 0.040 19.320 0.021 0.020 7.854
America Thetaf 0.055 0.046 16.214 0.087 0.081 30.768
Drift 0.052 0.044 10.480 0.082 0.076 28.869
Auto.arima 0.052 0.044 10.480 0.092 0.086 32.601
Thats 0.059 0.051 18.163 0.099 0.093 35.335
Naive 0.052 0.044 15.672 0.092 0.086 32.600
Holt 0.052 0.044 10.486 0.053 0.048 17.906
Ocenia Thetaf 0.021 0.013 67.227 0.012 0.010 155.190
Drift 0.019 0.012 61.629 0.010 0.009 130.748
Auto.arima 0.017 0.010 54.625 0.010 0.009 122.333
Thats 0.020 0.012 62.310 0.010 0.009 118.540
Naive 0.018 0.010 55.805 0.014 0.011 181.966
Holt 0.019 0.011 60.344 0.010 0.009 117.734

length, and trend/seasonality effects in the data. Therefore,
it is possible that different models make better predictions
on different datasets. The absence of cases in the African
continent in the first 8 weeks of 2020 and the absence of
deaths in the first 9 weeks caused a decrease in performance
in estimation procedures. Therefore, it is seen in Table 2
that the predicted values of the African continent are less
accurate than the Asian continent, considering the MAPE
metric.

The estimation charts of COVID-19 cases and deaths
belonging to the European continent are given in Figures 8
and 9, respectively, for 5-weeks, and the estimation metric
values are given in Table 2.

Accordingly, we see that the Thetaf model stands out with
16.545% MAPE value in the cases estimates and the Drift
model with 4.073% MAPE value in deaths estimates. 5-
week COVID-19 cases and deaths prediction charts for the

Americas are given in Figures 10 and 11, respectively, and
metric values are given in Table 2. In the Cases estimates,
we see that Drift, Auto.arima and Holt models have 10.480,
10.480 and 10.486 MAPE values, respectively. The rates of
error and correct prediction of these models are quite close
to each other. However, in the deaths predictions, we see
that the Holt model predicts with an error margin of
17.906%, that is, it makes 82.094% correct predictions.

For the Ocenia continent, 5-week COVID-19 cases and
deaths prediction charts are given in Figures 12 and 13,
respectively, and metric values are given in Table 2. For the
Ocenia continent cases predictions, the auto.arima model
provided the best performance with 54.625% error, while
the deaths predictions provided holt with 117.734% error.

Due to the irregular number of cases and deaths in Ocenia
continent, the performance of the models in the prediction
process was very low. For the five continents whose
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performances were evaluated, the lowest performance was
obtained in the cases and deaths estimation processes of
Ocenia continent. The irregularity of the data in the time
series negatively affected the performance of the model.
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Figure 4. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of cases in the Asian continent.
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Figure 5. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of deaths in the Asian continent.
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Figure 8. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of cases in the European continent.
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Figure 9. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of deaths in the European continent.
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Figure 10. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of cases in the American continent.
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Figure 11. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of deaths in the American continent.
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Figure 12. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of cases in the Oceania continent.
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Figure 13. Representation of 5-week estimates with 80%
and 95% prediction intervals using six different statistical
models of deaths in the Oceania continent.

Conclusion

In this study, R-based statistical models, some of which
have not been used in the forecasting of limited time series
until now, are used and their performances are evaluated. In
other words, the authors evaluated the usability of weekly
future predictions of COVID-19, which continues to be
effective globally, with time series models. Six different
models such as Naive, Drift, auto.arima, Tbats, Holt-
Winters, and Thetaf method were used for prediction
operations. RMSE, MAE, and MAPE metrics were used to

evaluate the performance of the models used for 5-week
predictions. The results obtained were evaluated on the
basis of continents.

The accuracy of traditional estimation largely depends on
the availability of the data [52]. The fact that the data used
in the estimates are limited affects the estimation accuracy
very negatively.

According to the confirmed cases MAPE metric values of
the five continents analyzed, the best predictions for Asia,
Africa, Europe, America, and Oceania were done by Thetaf,
Naive, Thetaf, Auto.arima, and Auto.arima models,
respectively. The use of very limited data for time series
estimates such as 57-weeks in the estimation process was a
disadvantage. Most models require at least two cycles, 104-
weeks of data, to run. Therefore, we could not use models
such as Neural network autoregressive, Multilayer
Perceptrons, Extreme learning machines. Especially since
we had to make predictions using a limited data set such as
57-weeks, we could not reach the desired levels in model
performances. In a sense, more data means better
predictions for time series.

The socio-economic, demographic, and environmental
conditions of the countries in the continents where data are
collected differ. In addition, there is a serious shortage of
nurses in low and medium-developing countries. In
comparison, the number of hospital beds per thousand
people and access to health care services in these less
developed countries is still very limited. However,
wealthier and relatively more developed countries have
more overweight people relative to lower GDP countries
and are thus more vulnerable to COVID-19 [26].

Ethical approval

No ethical approval was required for this study. The
analysis uses only publicly available data reported in the
European Union open data portal site.
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There are many studies in the literature on ergonomic risk assessment, but there are limited studies on the
Germany Federal Institute for Occupational Safety and Health (BAUA) method. The aim of this study is
to examine the compatibility between Rapid Entire Body Assessment (REBA) and BAUA and the ability
of the methods to correctly classify the risk level of risky tasks, and to make ergonomic improvements to
reduce the physical strains. The welding processes of the automotive company were examined and
ergonomic risk assessment was made by using REBA and BAUA for four tasks with the most strains. The
evaluation criteria and results of the methods were compared and improvement suggestions were
developed to reduce ergonomic risks. The results of this study approve that the risk output of both methods
depends on the exposures considered and their greatness. Both REBA and BAUA are used for work done
using the whole body. The biggest difference between the methods is that the time weight evaluation is
always used in the BAUA, and the time is not taken into account in the REBA. Since the aim of ergonomics
studies is to eliminate the risks of musculoskeletal disorders (MSD), the results that will show where to
start the improvement studies should be determined in the most accurate way and no factors should be
overlooked. People who will conduct ergonomic risk assessment studies for welding employees were
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informed about the advantages and disadvantages of both methods and suggestions were given.

Introduction

Effectively using human resources who try to adapt to
rapidly technological developments and production
conditions, is of great importance for the enterprises. In the
rapidly increasing competitive environment, companies
that want to increase their production power, have started to
find new methods for productivity-enhancing studies. One
of the biggest increases within the scope of these studies are
mechanization and automation however, over time, it has
been found that this is also not enough. To improve
production systems and improve product quality, it is not
sufficient to take into account only technical parameters that
affect system conditioning and quality [1]. Because in the
production industry where human resources are used
predominantly the productivity changes not only with the
improvement of machinery, but also with the effect of the
human factor [2]. This traditional ergonomics approach that
focuses on physical and mental factors is called micro
ergonomics [3].

Many studies have been conducted examining human-
machine interaction and environment in order to prevent the
decrease in the importance of the human factor against
machines and developing methods and to increase
employee productivity in the rapidly developing field of

ergonomics [4]. As a result of developing technological
studies, the need for manpower in many areas continues
even the production processes are facilitated. MSD are a
possible problem when working with awkward postures in
tasks with high physical workload [5].

In the labor-intensive automotive industry, ergonomic
improvements in the working environment are very
important for both the health of the employees and the
increase of production efficiency [6]. To achieve work
efficiency, it is necessary to reduce forceful movements and
improve inappropriate posture [7]. The cost resulting from
MSD is high.

MSD may occur in employees exposed to physical risk
factors such as awkward working position, working
environment or lifting excessive load [8]. If ergonomic
arrangements are not made in such working environments,
these disturbances may increase and, as a result, workforce
losses may be experienced. Costs arise due to loss of
workforce, labor treatment, compensation payment,
production inefficiency and poor quality. These results
reveal how important ergonomics studies are. The most
important step in reducing and preventing MSD in the work
environment is the determination and evaluation of
ergonomic risks [9]. If there is a deviation in the posture of
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one or more limbs according to the notral body posture, this
is defined as awkward posture [5]. MSD are caused by static
postures or repetitive-rapid movements, awkward postures
that force the body, tasks that do not allow appropriate
movement, etc. [10-12]. This, in turn, leads to material and
moral losses for employees, employers and the state [13].

Although it is tried to be integrated with robots in welding
processes in the automotive industry, manpower is still used
intensively. Every task where manpower is used, causes
physical strains in the employee and accordingly MSD. By
performing ergonomic risk analysis, challenging situations
for the employee should be determined and ergonomic
solutions should be applied.

In the literature reviews, it is seen that many scientific
methods have been carried out and academic studies have
been developed for the ergonomic risk assessment for work-
related MSD, but there are many problems during and after
the application in practice. In the ergonomic risk exposure
assessment studies performed by occupational safety, the
choice of method, observation, analyse and interpretation
stages cause the evaluator to hesitate and have difficulties
in many issues [14].

Methods used for ergonomic risk assessment of task
performed using the whole body are Quick Exposure
Assessment (QEC), Ovako Working Postures Analysing
System (OWAS), European Assembly Analysis (EAWS),
REBA and BAUA (Bundesanstalt Fiir Arbeitsschutz und
Arbeitsmedizin - Germany Federal Institute for
Occupational Safety and Health). Observational techniques
created to determine the risk exposure and make
quantitative evaluations are the most used methods due to
their ease of use, low cost and flexibility [15].

In welding works, manual, lifting, carrying and placing
tasks are usually performed using the whole body. For this
reason, methods that allow whole body evaluation can be
used for analysis of employees in welding works.

In this study, ergonomic physical workload measurements
were made using REBA that takes into account the postures
of whole body, load, repetitive movement and compound
interaction, in which observation and video recording is
sufficient to collect data and BAUA, which allows detailed
analysis by taking into account the duration and frequency
of the work according to the type of work (lifting, holding,
carrying and load pulling-pushing) in an automotive sub-
industrial company. The improvement proposals to reduce
the risks were suggested. Besides these, the results of the
methods were compared with this study. It is important to
work with the appropriate method for determining the
ergonomic risk levels. It is aimed to give information about
the characteristics of the methods to those who will measure
the physical workload for welding works performed using
the whole body.

Literature Review

REBA method is a practical method frequently used in the
field of ergonomics. For this reason, not all of the studies in
which the method is applied have been mentioned, but only
the applications in the automotive industry have been

examined. Hignett and McAtamney [16] examined in their
study 600 working postures of people working in some
industries. As a result of the study, REBA one of the widely
used ergonomic analysis methods has been developed. Atici
et al. [17] conducted the analysis of awkward working
positions in a cable manufacturing factories in the
automotive industry, by using the REBA. With the analysis
made, the strains occurring in the employee were
determined and, improvements were proposed to reduce
these strains. Ulutag and Giindiiz [18] identified problems
associated with MSD in a factory where cable is
manufactured. Rapid Exposure Assessment (REA) and
REBA were applied at two specific workstations. After
these analyzes, new applications have been developed to
improve physical risk factors. After the arrangements, re-
analyzes were made and the efficiency of the results
obtained was evaluated. Ertag and Bulut [19] determined
ergonomically  awkward  situations and, made
improvements to eliminate the inconveniences with the
analysis performed in the press section of a company that
manufactures clutches. Thus, employee and task alignment
has increased employee competence and productivity and,
a 5% improvement has been achieved in press production
times on a product basis. In his study, Sakalar [20]
evaluated the stations from an ergonomic perspective using
the REBA on the assembly line in a company that
manufactures motor oil pumps and, identified the
workstation with the highest physical workload and
identified the most common MSD.

When looking at the studies, it is seen that by using BAUA,
there are few studies in the literature. 70% of the researches
have been published in German language [21]. Sevimli et
al. [22] conducted an ergonomic risk analysis of the
working conditions of those working in the rice packaging
company. The ergonomic risk analysis of 6 stations in the
production lines was made according to REBA and BAUA.
After the examination, necessary measures were taken and,
ergonomic risks were reduced. Acar et al. [5] conducted an
ergonomic risk analysis by using REBA and BAUA on the
solid fuel stove production assembly line. After the
suggested improvements, they improved the REBA and
BAUA scores up to 70% and, determined that the financial
aspect of the suggestions was at a feasible level in order to
provide a healthier working environment for the employees.
Ulker [21] used the BAUA in order to determine the strains
encountered during the transportation of parts in the
production of furniture and, made suggestions to reduce the
workload.

Yiice [23] examined the task done by automotive service
employees and, ergonomic damage and risk exposure levels
were examined with the help of ergonomic risk
assessments. Berber [24] examined the packaging and
warehouse shipping departments of a food production
factory that produces sugar. For the packaging department,
REBA, BAUA, NIOSH and Snook ergonomic risk
assessment methods were used and for the warehouse
dispatch department Snook and BAUA ergonomic risk
assessment methods were used and, at the end of the study
improvement suggestions have been made.
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It is seen that the studies in the automotive industry are
generally carried out on the assembly line by using the
REBA. This study was done on welding lines.
Measurements were made by using REBA and BAUA
which are used for ergonomic risk analysis of the work
performed by using the whole body, improvement work has
been done and the results of the two methods were
compared. Thus, the comparison results of REBA and
BAUA shown in practice, will contribute to the literature.

Method

Working posture disorders caused by some ergonomic risk
factors in the working environment, are of great importance
in terms of occupational health and safety. Awkward
working posture is defined as one of the main causes of
MSD. With the analysis of working postures, the level of
exposure to ergonomic risk factors can be determined, high-
risk tasks can be identified and the risk level can be reduced
by performing remedial studies for risky tasks [22]. Mostly
observational methods are used when making an ergonomic
risk analysis. It is seen that many risk assessment methods
are used when the studies in the literature are examined.
These methods differ according to the body part used during
the study and other factors that paid attention [25].

Rapid Entire Body Assessment (REBA)

The REBA method developed by Hignett and McAttamney,
is a method that determines the risk levels of postures
depending on the loads on the body, neck, leg, upper arm,
lower arm and wrists of the employee and the static /
dynamic posture during a working ]16]. The REBA method
is one of the most preferred methods because it is a practical
method that can be applied according to the schemes of
body parts that do not require much expertise, based on
direct observation [26].

The body parts are divided into two groups as A and B when
determining the REBA score of a working posture
according to the REBA:

- Group A: Body, Neck and Leg
- Group B: Upper arm, Lower arm and Wrists

A score consisting of the combination of these scores is
determined with the help of Figure 1 (Table A) given in by
determining the individual scores of the trunk, neck and
legs. A score is obtained by adding the Carried Load / Force
score to this score. A score consisting of the combination of
these scores is determined with the help of Table (B) given

a b
Trunk, neck and leg analysis Scores Arm, wrist and analysis
Step 1: Local trunk position Step 7: Local upper arm position
I Table A Neck ( — o T bd
1 . : AR L]
20 Lo
I:I Leds Legs Leas +2 / 2r E Upper arm score
Trunk score 12)3[4]1[2]3]4]1[2[3]|4 PRI P
1]1]2]3f4f1[2[a3]a]3]|3]|5]s o
- Step 1a: Adjust.
Step 1a: Adjust.. - 2|2|3[4|5]|3[4]|5]|6[4[5]|6]|7 If shoulder is raised: +1
I trunk is twisted: +1 5 2 § alzlals|s|4ls]|s]|7|5|e]|7]8| Ifupperarm isabducted: +1
If trunk is side bending: +1 L 2l2ls51617151al71alal7 159 If arm is supported or person Is leaning: —1
Step 2: Local neck position Step 8: Locate lower arm position
N 42 :I slal6|7|s|s|[7[8fe[7[8]e]|o o
’ fe- Neck scare Table B Lower arm ==
8 F a2 2 7 Tt Lower arm score
A = B0
Step 2a: Adjust.. - - +2 4
If neck is twisted: +1 IS =t wr
If neck is side bending: +1 1 213 1 2 3 If either arm is working across midline or out to side of body: Add+1
Step 3: Legs 1 1 2 2 1 2 3 Step 9: Locate wrist position :l
[y w2, AL Add £ 2 [1]2]3]2[3]4 If wrist is bent from midline: Add+1
l"ll |II y M AN +2\°-.\. I:l 5 3345456 Wrist score
\ :I A Adjust‘\cl \ ‘| Leg score % 4 4|55 [4]5]5 :l
({1 A A =] 5 |6 |78 7|88 !
\I < ;_'l | H\: ’ 5 5 7 3 3 9 9 Step 10: Look-up posture score in Table B Posture score B
‘-'1_‘:: e B Using values from steps 7-9 above, locate score in Table B.
Step 3a: Adjust.. Step 11: Add coupling score
If neck is twisted: +1 Table C A Score Well fitting handle and mid rang power grip.good: 0 *
If neck is side bending: +1 1121321516l 7]8]9i0[11]12 Acceptable but not ideal hand or coupling :l
Step 4: Look-up posture score Table A I:I acceptable with ancther body part, fair: + 1 -
Using values from steps 1-3 above, Postrue score A Afr]rf1{2|3fs|4|5]|6]7|7|7 Hand hold not acceptable but possible, poor: + 2 Coupling score
Locate score in Table A + 2|1]|2]|2|3|4]|4|5|6|6]|7|7|8 Unacceptable: + 3 =
Step 5: Add force/load score al2l3l33lalslsl7]7]e]s]s Step 12: Score B, find column in Table C :l
Ifload < 5 kg : +0 Add values from steps 10 & 11 to oblain
Ifload: 510 10 kg - +1 Force/load score 4)3|4]4)4|5([6[7|8)8B]|9|9]|8 Score B, find column in Table ¢ and match with Score B
Ifload >10 kg : +2 5|4(4|4]|5]|6|7|8|8]|9]|9]|9]|89 Score A in row from step 6 to obtain Table C Score.
Adjust: If shock or rapid build up of forces: Add+1 % slelelsl7]slsle]s [alioliof10 Step 13: Activity score
Step 6: Score A, find row in Table C — 3 +1 1 or more body parts are held for longer than 1 minutes (static)
Add values from steps 4 & 5 to obtain Score A, | | o 717177 (8]9[9]9|10[1011]11{1 +1 Repeated small range actions (more than 4x per minute)
Find row in Table C. Score A a|alsl|als|10]10]10]10[10[11]11]11 +1 Actions causes rapid large range changes in postures
SISl oo a9 [1o]tofio]sr [11]1]1z]12]12 or unstable base
1 = Negligible risk .
2-3 = Low risk. Change 10[10]10]10[11[11] 11|11 ]12]12]42]12]12 | | | |
4 - 7 = Medium risk. Further investigate. Change soon 1111|1111 |41 121212 12 he |1z2|4z2 |12 Table C Activity
8 - 10 = High risk. Investigate and implement change. score score
11 + = Very high risk. Implement change. 12121212 12 |12]12)12|12 12| 12] 12|12

Figure 1. REBA analysis system [16].
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in Figure 1 by determining the scores of the upper arm,
lower arm and wrist separately. Score B is obtained by
adding the coupling score to this score [27].

Figure 1 shows the REBA implementation steps. The score
A is obtained by adding the load / force score to the score
obtained from Table A. The score B is obtained by adding
the coupling score to the score obtained from Table B. In
the next stage, the C score is obtained by overlapping the A
and B scores on Table C (See Figure 1 for REBA Table A,
B and C). Finally, a single REBA score is obtained by
adding the activity score to the C score [28]. The REBA
score takes a value between 1 and 15. The degrees of these
scores, risk levels and measures to be taken, are shown in
Table 1.

Table 1. REBA risk levels.

Level REBA  Risk level  Measurement
score

0 1 Negligible  Not necessary

1 2-3 Low Change may be
needed

2 4-7 Mid Change soon

3 8-10 High Investigate and
implement change

4 11-15  Very high Implement change

Evaluation Method of the Germany Federal Institute
for Occupational Safety and Health (BAUA)

This method developed by the Germany Federal Institute
for Occupational Safety and Health is ensuring the
evaluation according to scientific measurements of the
strain limit of holding-lifting and transport tasks (LMM-1,
Leitmerkmalmethoden, Key feature methods), push-pull

tasks (LMM-2) and manual handling tasks (LMM-3),
taking into account legal requirements. It provides the
opportunity to be evaluated according to the criteria [29].
BAUA is used for manual holding and placing task or for
various lifting and displacement operations [22]. The
criteria and scores considered, vary according to the type of
task performed. The risk coefficient is calculated as a result
of the evaluation. The steps of the method are detailed
below.

The most critical point of this method is the calculation of
the time weighting score (TWS). For TWS, it is first
necessary to decide whether the task is lifting-relocating,
holding or carrying. In determining the TWS, the number
of daily work done in lifting-displacement, the holding time
while doing the work in one day in holding and the distance
traveled while doing the work in transport determine the
TWS.

BAUA (LMM-1) Steps
Transportation Works

Step 1: Determining the TWS

When determining the TWS, it is necessary to decide
whether it is holding, lifting-displacement or holding-
transport work [5]. The TWS is determined by taking into
account the number of repetitions in a day for lifting-
displacement works, the total number of holding per day for
holding works, and the total distance during the
transportation process in a day [30]. The TWS are shown in
Table 2.

Step 2: In step 2, (A) the load weighting score, (B) posture
and load position weighting score and (C) application
conditions score are determined. Table 2 shows how to
score for step 2.

for Holding, Lifting,

Table 2. BAUA ( LMM-1) steps for holding, lifting, transportation works [31].

LMM-1 TWS (A) Load weighting score
Lifting and Relocation (<5s) Holding(>5s) Transport(>5s) . Load Active Load
- - Aczxglfe(;rce weighting force weighting
Number of work done TWS Total time TWS Total distance TWS score (female) score
in a day in one day in one day
<10 1 >5 min. 1 <300 m 1 <10 kg 1 <5kg 1
5<..<15 300<....<1000 5<...<10
10<...<40 2 min. 2 m 2 10<...<20 kg 2 kg 2
40<....<200 4 | 13560y I<..<4km 4 20<...<30 kg 4 10<...<15 4
min. kg
200<...<500 6 | I<.<2hr | 6 | 4<.<8km 6 30<...<40 ke 7 15<k§<25 7
500<...<1000 8 2<...<4 hr 8 8<...<16 km 8 >40 kg 25 >25kg 25
>1000 10 >4 hr 10 >16 km 10
(C) Application conditions weighting score (B) Posture and load position weighting score
Application conditions Weight t tt The top of the body is upright, cannot be
score turned/ Load on the body (+1)
Good ergonomic conditions; e.g. sufficient space, unobstructed work 0 x f Very slight bending or turning the upper
area. body/ Load on or near the body (+2)
Limited mobility, poor ergonomic conditions; e.g. low ceiling and, less 1 T(L Excessive bending down or forward /
than 1.5 m” working area. T il= Turning the upper part of the body (+4)
Very restricted freedom of movement or variable center of gravity of the 2 -Qﬂ-‘. Turr)ing the upper part of the b_ody when
load. leaning too far forward/Squatting (+8)
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Step 3: Determining the LMM-1 results score

LMM-1 risk factor; It is calculated by adding the scores of
all conditions determined in Step 2 and, multiplying it by
the TWS (Equation 1).

LMM —1 risk factor =TWS x (A+ B + C) 1)

BAUA (LMM-2) Steps for Push-Pull Works
Step 1: Determining the TWS

Evaluating TWS, the distance at once (less than or more
than 5 meters), the total number of work performed if the
distance covered is less than 5 meters, and the daily total

Step 2: In step 2, (A) the auxiliary tool weighting score, (B)
the movement speed weighting score, (C) the body position
weighting score and (D) application conditions weighting
score are determined. Table 3 shows how to score for step
2.

Step 3: Determining the LMM-2 result score

LMM-2 risk factor; It is calculated by adding the scores of
all conditions determined in Step 2 and, multiplying by the
TWS (Equation 2). Assuming that the performance of a
female is lower than of a male in the result evaluation, the
result will be multiplied by a factor of 1.3 for female
employees [22].

distance if it is more than 5 meters [29]. The evaluation =~ LMM —2 risk factor =TWS*(A+B+C+D)*13 (2)
details of the TWS are shown in Table 3.
Table 3. BAUA (LMM-2) steps for push-pull works [31].
LMM-2 TWS (A) Auxiliary tool weighting score
Push-pull for short e Roll Wheel | Wheel table Pallet Manipulator
distances or push-pull | ~US" ?nd p;.” activities loading | barrow truck,
with frequent stops over long distances (> without forklift
(<5m at a time) 5mat a time) tools
Work pe(rjf;);med ina Total in one day . g
: Mass to move L T — - =
Pcs per day | Score D;'g'é;%?' Score (Rolling) — : " ! E =7, |
<10 1 <300 m 1 " S Vg =
10<...<40 2 | 300 m<...<l km 2 <50 kg 0.5 0.5 0.5 0.5 0.5
40<...<200 4 1 km<...<4 km 4 50 kg<...<100 kg 1 1 1 1 1
200<...<500 6 4 km<...<8 km 6 100 kg<...<200 kg 15 2 2 15 2
500<...<1000 8 8 km<...<10 km 8 200 kg<...<300 kg 2 4 3 2 4
>1000 10 >16 km 10 300 kg<...<400 kg 3 4 3
(B) Movement speed weighting score 400 kg<...<600 kg 4 5 4
Movement speed 600 kgT(‘d <1000 5
Position sensitivity Slow Sge;ed > 1000 kg
<0.8mis 1.3
m/s Sliding # ‘}
Minor: Movement E&_
- - 1 2
way is arbitrary. 4
Major: The place 10 kg<...<25 kg 2
where the load will be 2 4 25 kg<...<50 kg 4
placed is definite. > 50 kg ﬁ
(D) Application conditions weighting score (C) Body position weighting score
Weig
Application conditions ht
Score
Good: The flooring is stable and flat, not . . . .
Slippery: dry: no slope. 1 A Body is upright, there is no turn (+1)
Limited: The flooring is not flat, it is 2 1 A Upper body slightly bent forward or slightly twisted (One-Way
dirty, softly; Inclined up to 2°. - Pull) (+2)
Difficult: Non fixed and unstable road 4 -}?\ Body is too skewed in the direction of movement, kneeling,
paved with rough stones. "'Th} crouching (+3)
Very difficult: Steps and stairs on the
road,all limited and difficult conditions 8 ﬁ._ Skewing and turning together (+4)
exist together
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BAUA (LMM-3) Steps for Manual Holding

The LMM-3 risk assessment method is used for works
involving medium effort and normal work. These works are
generally performed by standing with moderate force and
therefore cause static load accumulation on legs, back and
shoulders as well as hand and arm muscle loads due to
repetitive movements [23].

Step 1: Determining the TWS
The TWS is found by using table shown in Table 4,

according to the process time determined by calculating the
total duration of the handwork performed during a shift.

Step 2: In step 2, (A) weighting score of the finger / hand
according to holding or transport, (B) the weighting value
of force transmission and holding conditions, (C) hand /arm
position and movement weighting score, (D) work
organization value weighting score, (E) the weighting value
of the application conditions and (F) body posture
weighting score are determined. Table 5 and Table 6 show
how to score for step 2.

Table 4. LMM-3 TWS [31].

Process total time 112 (3|4|5|6|7|8]|]9]10
TWS 1|115|2|25]3|35(4 (455 |55
Table 5. BAUA (LMM-3) steps (A&B) for manual holding [31].
(A) Weighting value of the finger / hand according to holding or carrying
Holding Transport
Average Holding Time Average repetition movement
Force in the finger or hand (types)
Seconds per minute Repetitions per minute
60-31 3016 [ 1520 | <4 | <1 | 14 [ 515 [16-30| S0 | >60

Level | Identification and typical examples Weight Score
Low Very low Force 2 1 0.5 0 0 0.5 1 2 3

Low Force 3 15 1 0 0 1 1.5 3 5

Medium Force 5 2 1 0.5 1 2 5

Big strength 8 4 2 0.5 1 2 4 8 13

Very Big Force 12 6 3 1 1 3 6 12 21

Peak Force 19 9 4 1 2 4 9 19 33
High Hit: e.g. with the thumb, hand, or ball of the ) ) ) 1 1 3 6 12 21

punch

The higher score (left and right hands separately) Rating points of force Left hand: Right hand:
should be used to calculate the total score rating application:
values

(B) Force transmission / holding conditions weighting score
Force transmission, holding conditions Score
Optimum force transmission, easy to hold work objects 0
Limited force transmission, greater holding forces required 2
Difficult to transmission (slippery, soft, sharp edges) 4

Step 3: Determining the LMM-3 result score

LMM-3 risk factor; the scores of all conditions determined
in Step 2 are summed and calculated by multiplying by the
TWS (Equation 3) [23].

LMM — 3 risk factor =TWS+«(A+B+C+D+E+F) 3)

Risk scores calculated according to all three BAUA LMM
methods are evaluated according to the risk rating table
shown in Table 7, and measures should be taken according
to risk scores ranging from low to high load between 1-4.
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Table 6. BAUA (LMM-3) steps (C, D, E & F) for manual holding [31].

(C) Hand / arm position and movement weighting score

gl",-_ Good: positions or movements of joints in the middle (relaxation) range
N Limited: occasional range of motion at the limit of positions (+1)

L o Impractical: Frequent positions at the border of the limits range of motion (+2)

Ay Poor: fixed positions of the joints at the border of their range of motion or movements (+3)
(D) Work organization weighting score Score
Frequent variation of load situation 0
Rare variation of load situation 1
No/hardly any variation of load situation 2
(E) Application conditions weighting score Score
Good: reliable recognition of detail, no dazzle, good climatic conditions 0
Limits: impaired detail recognition, draughts, cold, wet 1

(F) Body posture weighting score determination

F45

Good: alternation of sitting and standing is possible/

&)

Limited: trunk with slight inclination of the body towards the area of action, occasional
gripping above shoulder height (+1)

£

above shoulder height (+2)

Unfavorable: trunk clearly inclined forward posture for detail recognition, frequent gripping

A w

Poor: trunk severely twisted and inclined forward (+5)

Table 7. BAUA risk rating table [31].

Risk | Field Risk Assessment
Score

1 <10 Low load; health is unlikely
to occur.
Medium load; Physical

2 10<...<25 | overload is possible for less
flexibility persons.

3 25<.. <50 ngh_ load; normally,
physical overload.
Very high load; physical

4 >50 L
overload is likely to appear.

Application

In this study, evaluation and improvement studies were
carried out on the welding line where the physical stress is
the highest. These are manual welding line using fixed spot
machine, welding line with gun, arc welding repair line, and
pedal welding line. Although there is more than one
employee performing each operation in the enterprise, since
the way of operation does not differ between employees,
REBA and BAUA analysis were performed by randomly
selecting an employee in the production line. First of all, the
employees in the designated areas were observed, and their
body position during the task were evaluated in detail by

taking photos over video recordings.

In a welding line, an employee does more than one type of
work at the same time, according to the task sequence. Body
posture is not always in the same position and changes in a
static way. When evaluating with the REBA, each body
posture of the employee was evaluated according to the
rules of the method and the highest score was taken into
account in order to determine the highest workload.

For the evaluation with BAUA, first of all, the type of work
was determined and it was determined which of the LMM-
1, LMM-2 or LMM-3 groups would be used. Risk scores
were found by evaluating the workload according to the
appropriate technique.

Fixed Spot Welding Line

Welding process is performed by applying electric current
and pressure to the part placed in the fixed spot machine.
The employee takes the part from the hanger, places it on
the machine and completes the process by holding the part
with one hand and pushing the start button with the other.
The tasks in the manual welding line are manual welding in
the fixed spot machine, part handling in intermediate
processes and part hanging trolley pushing. Employees’
body postures during the operations are shown in Figure 2.
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Figure 2. Manual welding line. (a) manual welding in the
fixed spot machine, (b) part handling in Intermediate
processes, (c) part hanging trolley pushing.

a. Manual welding in the fixed spot machine: After the
employee places the part in the spot machine, he pushes the
start button with his left hand and performs 4 spot welding
sequentially (Figure 2a). Part weight is 2.8 kg. REBA score
is given in Figure 3. The result of the evaluation is REBA
score of 7. Itis assessed as "medium level" ergonomic risk.

BODY TABLE TABLE 3+1 UPPER
NECK 5 2 LOWER
LEG 0+1 1 2 WRIST
Force/Load Coupling
A 2 B
C
Activity 1

REBASCORE = 7

Figure 3. REBA score for manual welding with fixed spot
machine

REBA scores are given in Table 8 for the current and after
improvement studies of all processes.

Table 8. REBA risk assessment.

Process Process item Current Improved
Manual welding line Manual welding with 7 “mid” 3 “low”
fixed spot machine
Part handling 4 “mid” 2 “low”
Part hanging trolley 6 “mid” -
pushing
Arc welding line Putting the part to the 10 “high” 3 “low”
pallet
Pallet push 5 “mid” -
Arc welding repairs 3 “low” -
Pedal welding/ Box push 4 “mid” -
assembly line
Countersinking operations 5 “mid” 1 “negligible”
Manual welding line with  Putting the part to the 4 “mid” -
balancer gun pallet
Manual welding with 10 “high” 2 “low”
balancer gun
Welding in pneumatic jig 2 “low” -

The manual welding process in the fixed spot machine was
evaluated in the LMM-3 group, since it is in the manual
work group according to the BAUA. The set part production
time is 54.4 seconds in total and the amount of production
per shift is 216 pcs. The TWS is 2, since the total process
time in the shift is 3.2 hours. According to the
measurements made, the total force the employee is
exposed to is 10.6 kgf, it is considered as a very high load

and the force weight score is determined as 12 since it is a
holding process of 54.4 seconds. The evaluation details are
shown in Table 9 and the evaluation score is determined as
46 points. According to this value, the risk level is "3" and
the load generated during the process is high. The
employee's body posture while performing the procedure is
inappropriate.
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Table 9. BAUA LMM-3 risk assessment.

Process Process Method Step 1 Step 2 Step 3 Risk | Explanat
item Tws | A ‘ B I C ‘ D ‘ E ‘ F Assessment Level ion
Manual N _ High
Manual |  welding Current | 2 12 2 3 2 2 2 | 2%(12+2+3+2+2+2)=46 3 oz
welding with fixed L
line spot Expected 1 2 0 1 1 1 1 1%(2+0+1+1+1+1)=6 1 : 0‘3’
machine oal
Arc Arc Current | 15 4 0 1 0 0 1 | L5*4+0+1+0+0+1)=9 1 Low
welding welding load
line repairs Expected - - - - - - - |- - -
Pedal 1 ntersin Current 1 2 3 1 1 05| 1%19+2+3+1+1405)=265 | 3 High
welding/ King load
assleirr]“eb'y operations Expected 1 3 0 1 1 0 0 | 1%3+0+1+1+0+0)=5 1 'I‘O‘;"(‘j’
Manual Low
welding Welding in Current 3 1 2 0 0 0 0 1*(1+2+0+0+0+0)=9 1 load
line with pneumatic
balancer jig Expected ) ) ) } ) R o ) R
gun

An improvement proposal has been developed to minimize
sudden loads during manual welding on the spot machine.
Cartesian robot system was introduced to the work area by
adding a linear slide sliding mechanism, servo motor, servo
drive and PLC instead of manual process (Figure 4). After
the employee puts the part on the machine, he pushes the
button and the welding process is carried out with
automation. Thanks to the automation system of the
production in the slide jig, the weight of the force that the
employee is exposed to has been reduced to 0 kgf per day.
Thus, the unsuitable situation in the employee's body
posture has been eliminated.

The time for placing the part on the machine is 38 seconds
*216 pieces = 0.2 hours / shift and the TWS is 1. The
applied force weight point has decreased to 2. Table 8
shows the result of the ergonomic risk assessment made

after the improvement. The evaluation score is 6 and
accordingly, the risk level has dropped to "1". As a result of
the improvement suggestion, the REBA score is also
reduced to 3 (low load).

Figure 4. Working with a linear slide cartesian robot.

Table 10. BAUA LMM-1 risk assessment.

Process | Process item | Method Step 1 Step 2 Step 3 Risk Explanation
Assessment level
TWS A B C
Malf(‘;_la' Part Current 8 2 2 1 8*(2+2+1)=40 3 High load
welding h
line handling Expected 8 1 1 0 8*(1+1+0)=16 2 Mid load
Arc Putting the Current 7 3 3 2 7*(3+3+2)=56 4 Velr[))/afzjlgh
welding part to the
line pallet Expected 3 2 1 1 3*(2+1+1)=12 2 Mid load
Pedal
welding/ i Current - - - - - - -
assembly
line Expected - - - - - - -
Manual c 4 1 4 1 4*(1+4+1)=24 2 Mid load
welding | Putting the urrent
line with part to the
balancer pallet Expected - - - - - - -
gun
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b. Part handling in intermediate processes: Since holding,
lifting and handling is done during this work, it was
evaluated in LMM-1 group according to BAUA. The part
weight is 2.8 kg and 216 pieces are produced in 1 shift. A
part is lifted and transported 4 times. 216*4 = 648 semi-
finished products are transported in one shift, it is in a work
group that takes less than 5 seconds. TWS is 8, because it
has an average weight of 10.5 kg the load significance is 1
and the position score is 2 due to it bends slightly while
transporting. The risk score is 32, risk level is high load (3).
Evaluation scores are given in Table 10. According to the
REBA, the score is 4 and it is evaluated as "medium load"
ergonomic risk.

An improvement proposal has been developed that can
minimize sudden loads. The suggestion was to place a
conveyor belt in order to ensure transportation between
equipment within the line (Figure 5). Thus, the semi-
finished product is placed on the belt with the small support
of the employee and the sudden load placed on the
employee has been removed. As a result of the
improvement suggestion, the BAUA LMM-1 level was
reduced to medium load (2) and the REBA score to 2 (low
load).

Figure 5. Conveyor belt.

c. Part hanging trolley pushing: Since it is a push-pull work,
it is evaluated in the LMM-2 group of the BAUA. There are
20 parts in each trolley. For the 216 parts produced during
the shift (216/20), 11 times full and 11 empty trolley, a total
of 22 pulling operations are performed. The TWS is 2. The
full trolley weight towed is 20pcs*3.3kgf (full) + 20*0.5kgf
= 76kg. The auxiliary vehicle is wheeled and the
corresponding weight score is 1. Since the trunk is upright
and there is no rotational movement, the body position score
is 1. Evaluation scores are given in Table 11. The risk score
is 6 and the risk level is "1", it is in the low load group.
REBA score is 6 and it was assessed as "medium load"
ergonomic risk. There is no health threat.

Table 11. BAUA LMM-2 risk assessment.

Process Process item Method Weight Step 1 Step 2 Step 3 Risk | Explanation
Assessment level
TWS A B C D
Manual Part hanging
welding trolley Current 50-100 kg 2 1 1 1 0 2*(1+1+1+0)=6 1 Low load
line pushing
Arc
welding Pallet push Current <10kg 2 3 1 2 1 2*(3+1+2+1)=7 2 Mid load
line
Pedal
welding/ * -
assembly Box push Current <10kg 2 1 1 1 1 2*(1+1+1+1)=8 1 Low load
line
Manual
welding Manual 10*(0.5+2+1+1) .
line with welding with Current 35kg 10 05 1 2 1 —45 3 High load
balancer balancer gun
gun Expected - - - - - -

Arc Welding Line

Arc welding is the process of joining sheet metal parts of
metal melted between two parts with the heat generated by
the electric arc. Arc welding is done with arc robots. Works
evaluated in arc welding line; putting the part to the pallet,
pallet push and cleaning the burrs remaining on the 19.8kg
part after arc welding, tapping etc. are manual works. The
employees’ body postures during the process are shown in

Figure 6.

a. Putting the part to the pallet: REBA evaluation of all
works has been made at the line, the body posture while
performing the work with the highest REBA score is shown
in Figure 6a. The highest score occurs in the work where he
takes the 19.8 kg part from the repair stand and places it to
the pallet. REBA score is 10 (Table 8). It is assessed as a
“high load” ergonomic risk.
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Figure 6. Arc welding line. (a) putting the part to the pallet
repairs, (b) pallet push, (c) arc welding.

a. Putting the part to the pallet: REBA evaluation of all
works has been made at the line, the body posture while
performing the work with the highest REBA score is shown
in Figure 6a. The highest score occurs in the work where he
takes the 19.8 kg part from the repair stand and places it to
the pallet. REBA score is 10 (Table 8). It is assessed as a
“high load” ergonomic risk.

According to the BAUA, 300 lifting times per shift are
performed for the work of putting the part to the pallet
evaluated in the LMM-1 group. TWS is 7. Evaluation
scores are given in Table 10. The risk score is determined
to be 56 and there is an overload.

In order to minimize the ergonomic risk level in the
production station, a manipulator has been placed in the
pallet placement area (Figure 7). Thanks to the manipulator
system, direct contact with the part is eliminated and
ergonomic handling is provided. Since the total holding
time in a shift is 15 minutes, the TWS is 3. As a result, the
risk level could be reduced to the medium load (Table 10).
The REBA score was reduced to 3" low load ".

Figure 7. Part placement to the pallet with the manipulator.

b. Pallet push: The evaluation scores of the pallet pushing
work evaluated in the LMM-2 pushing works group
according to the BAUA are given in Table 11. The risk
score is 13.5 and the risk level is "2", physical overload is
possible and health problems may occur. REBA score is 5.
It is assessed as "medium load" ergonomic risk.

¢. Arc welding repairs: Repairs are carried out by applying
force with the help of a motorized hand gun. It is evaluated
in the LMM-3 group according to the BAUA. Processing

time per part is 21 seconds. The TWS is 1.5. Scoring details
are given in Table 11. The risk score is "9", the risk level is
in the low load. The REBA score is 3 and it is in the "low
load”. Health risk is unlikely as the ergonomic workload is
low.

Pedal Welding / Assembly Line

Pad mounting, tightening, robot arc welding works are
performed in the pedal welding / assembly line according to
the order of work. Among these, the works with a higher
risk level compared to other works are box pushing and
countersinking, shown in Figure 8.

Figure 8. Pedal welding / assembly line. (a) box push, (b)
countersinking.

a. Box push: It is shown in Figure 8a. The employee puts
the box with 6 pedals inside by pushing it onto the self. and
pushes the 4 boxes by stacking them on top of each other.
Part weight is 2 kg. REBA details are given in Table 8. The
REBA score of the evaluation is 4. It is assessed as "medium
load" ergonomic risk.

Box pushing work is evaluated in LMM-2 group according
to BAUA. The TWS is 2. Evaluation scores are given in
Table 11. The risk score is 8 and the risk level is "1",
physical overload is unlikely. No health risks are expected.

b. Countersinking: It is the process of making conical or
cylindrical slots in pre-drilled holes. While holding the part
with the left hand, countersinking is performed with the
right arm, moving from top to bottom. During the process,
103.6 N / 9.806 = 10kg load affects the right arm. The
REBA score is 5 and the risk level is "medium load".

Countersinking process is evaluated in LMM-3 group
according to BAUA since it is mostly manual work that
creates workload in hand-arm-shoulder area. Since the total
working time in a shift is less than 1 hour, TWS is 1. Other
criteria are also evaluated in accordance with the tables and
the risk level is "3", the load is high.

In order to reduce the risk, the countersink machine has
been automated (Figure 9), and the process of performing
the operation with arm power has been eliminated. After the
part is placed in the machine, the process is completed by
pushing the start button. Thus, the applied force weight
point, which was 19 in the first case, was reduced to 3. Table
9 shows the LMM-3 risk assessment result after
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improvement. Risk level "1" is minimized as under load.
The REBA score has also been reduced to 1.
ke &

Figure 9. Automatic countersinking machine.

Manual Welding Line with Balancer Gun

In the current station, the employee welds 13 spot with the
balancer gun. After setting the part on the machine, the
employee welds by pulling / pushing the 15-20 kg hanging
guns. The process is performed while standing, holding the
heavy gun at the appropriate distance and keeping the neck
in front. Assessed works; welding with balancer gun,
putting the part to the pallet and welding in pneumatic jig
(Figure 10).

N R ‘.;‘

Figure 10. Manual welding line with balancer gun. (a)
manual welding with balancer, (b) putting the part to the
pallet, (c) welding in pneumatic jig.

a. Manual welding with balancer gun: The REBA score of
the manual welding with gun (Figure 10a) is 10 (See Table
8). It is assessed as a “high level” ergonomic risk.

According to the BAUA, it is evaluated in the LMM-2
group as it is push-pull works. Gun movement has 15 times,
15 frequencies * single person average 120 pieces = 1800
frequency, total gun movement. Accordingly, the TWS is
10. The risk level is "3" against the risk score of 45, and the
load during the process is high. In order to minimize the
sudden loads during the welding process with the balancer

gun, the use of heavy balancer and the push-pull works
accordingly were completely removed by placing a robot in
the line. As a result of the improvement suggestion, the
REBA score was also reduced to 2 (low load).

b. Putting the part to the pallet: After the welding, the
finished parts are placed in the pallet (Figure 10b). Since the
pallet placement is mainly lifting and carrying, it is
evaluated in LMM-1 group according to the BAUA. It takes
3 seconds to put each part to the pallet. (120pieces*3 /60 =
6min / day) Accordingly, the TWS is 4. Risk score is 24,
while the risk level is "2", ergonomic workload is medium.
The REBA score is 4 (medium load).

¢. Welding in pneumatic jig: It is the ergonomic workload
that occurs during the spot welding after pulling the gun in
line with the spot points. Itis evaluated in the LMM-3 group
according to the BAUA. Spot welding is 150 seconds / part.
The processing time per shift is (150*120 / 3600 = 5) 5
hours. Accordingly, the TWS is 3. The risk score is 9 and
the risk level is in the low load. The body posture of this
procedure is shown in Figure 10c. REBA score is 2 for spot
welding in pneumatic jig. The risk level is low.

Discussion

The results of this study approve that the risk output of both
methods depends on the exposures considered and their
greatness. The method used to detect the postures where
employees find the most difficult, is of great importance.
When the REBA and BAUA scores in Table 12 are
examined, it is seen that BAUA scores are sometimes
higher in most of the similar results. For example, if we look
at the results of the pedal welding line in Table 12, the result
was found to be medium load according to REBA. The risk
assessment of this score is "Improvement may be required".
BAUA LMM-3 score is determined as "high load" and
according to this score, the risk assessment result is
"Improvement is required". In this case, while the
improvement work may not be done according to the REBA
result, it has become necessary according to the BAUA
result. Since the aim of ergonomics studies is to eliminate
the risks of MSD, the results that will show where to start
the improvement studies should be determined in the most
accurate way and no factors should be overlooked.

Table 13 includes the comparison of REBA and BAUA.
When we consider the BAUA as a whole as LMM-1, 2 and
3, it can be said that it analyzes more criteria than REBA.
Both REBA and BAUA are used for work done using the
whole body. The biggest difference between the REBA and
BAUA is that the TWS evaluation is always used in the
BAUA, and the time is not taken into account in the REBA.
In the BAUA, the first thing is that it is necessary to decide
whether it is lifting-displacement, holding or transportation
work. In BAUA, application conditions according to
REBA, force in the finger and hand, movement speed and
work organization are also examined.
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Table 12. REBA and BAUA scores of four welding lines with ergonomic risk assessment.

1- Manual welding line with 2- Fixed spot welding 3- Arc welding repair line 4- Pedal welding line
gun line
Risk Level Risk Level Risk Level Risk Level
Score Score Score Score
REBA 7 Medium load 10 High Load 5 Medium load 0 High Load
LMM-1 20 High Load 56 Very High 24 Medium
Load load
LMM-2 6 Low load 7 Low load 8 Low load 45 High Load
LMM-3
46 High Load 9 Low load 26.5 High Load 9 Low load
Table 13. Comparison of REBA and BAUA
Body Upper arm Load Coupling | Movement Time | Application | Movement Force Work
Neck Lower arm frequency conditions speed in organization
Leg Wrist finger
& hand
REBA N N v v N X X N X X
LMM-1 N X N N N N N X X X
LMM-2 N X N X N N N N X X
LMM-3 v v N N v V N X N v
Conclusion task. The most important factor that distinguishes this

In this study, ergonomic risk assessment is discussed by
using REBA and BAUA in automotive supply industry
welding lines. By examining all the production lines of the
enterprise, risky working areas were determined in welding
processes where the physical strains that employees are
exposed to are the highest. The compatibility between
REBA and BAUA risk assessment methods and the ability
of the methods to correctly classify the risk level of four
risky tasks were examined and significant differences were
found in the ability to identify at-risk tasks as at risk
between methods. In order to eliminate risky situations,
improvement studies were carried out and post-
improvement evaluations were made again.

In the REBA, the body is divided into two as upper and
lower body for each posture and, evaluation is made
according to the angles of the limb during posture. The total
score is calculated by the combination of neck, body, and
upper and lower limb positions. The angular postures that
will occur in the limbs depending on the task done will vary
according to the height of the employee and it varies
according to the short or tall employees.

If different tasks are done consecutively, it is not easy and
correct to evaluate them jointly. In such cases, a more
detailed analysis of the task is required to make a risk
assessment. The BAUA provides a multidimensional
assessment that fulfills simple legal requirements in
determining the strain limit according to scientific criteria
of the task. This method is a helpful tool in determining the
compliance of working conditions with social and labor
laws as well as medical and scientific perspectives of the

method from other methods is the determination of the
TWS according to the frequency of repetition, duration or
distance covered. In addition to the posture of the body limb
while performing the task, the level of force applied to the
finger and hand area as well as the hand-arm position, the
evaluations in the loading according to other tasks and the
application conditions such as the clarity of the task, noise,
moisture and air flow, are also evaluated.

As can be seen in the comparison results of this application
in welding lines in the automotive industry, the BAUA is
thought to be more successful in a workstation where
sequential tasks are performed, allowing more detailed
analysis of the tasks performed by using more power and
body. The BAUA allows the evaluation of neglected
situations in the REBA as more criteria are taken into
account.
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Drilling operations have an important role in manufacturing industries and the application range is about
33% among the machining methods. In drilling processes, hole quality is affected by workpiece material,
drilling parameters, drill diameter, drill bit features.

In this study, the surface quality of the hole and the drill bit wear were investigated experimentally when
drilling AISI 1040 steel and AI7075 aluminum workpieces with twist drills. Three different types of twist
drill bits (polished, rolled and TiN coated) with diameters of 8 mm and 10 mm were used for drilling.
Hole surface roughness was investigated at the hole entry and hole exit. While revealing the surface
quality change at the hole entry-exit, the effect of the drill feature difference on the surface quality has
been tried to be determined. In general, hole surface quality decreased with increasing drill bit diameter
when drilling both materials. The lowest surface roughness values were obtained in the use of TiN
coated drill bits. Drill bit wear was also measured in the study, and it was seen that the drill bit wear
increased with increasing drill bit diameter. The least drill bit wear value was also observed in TiN

coated drill bits.
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Introduction

Today, in the manufacturing industry, although the
manufacturing methods are quite advanced, the drilling
method is still one of the most widely used machining
methods, and its application rate is about 33% among all
machining methods. The most important parameters in
drilling are cutting speed and feed. These parameters
directly affect the cutting temperature, cutting forces, tool
wear, hole surface quality and hole geometry. Hole surface
quality is an important factor for machine parts to operate
at the desired efficiency. In drilling, chip control is
difficult due to the formation of swarf inside the hole,
which affects the cutting forces, cutting temperature and
therefore the quality of the drilled hole. In the drilling
process, in addition to the surface roughness, there are
situations that affect the hole quality such as burr
formation at the hole exit, circularity and offset in the hole
axis. Hole quality also depends on various conditions such
as cutting speed, feed, drill bit geometry and material, drill
bit manufacturing characteristics, and workpiece material.
Drill geometry, material and the technological properties
of the drill bit have a significant impact on hole surface
quality. Along with these factors affecting the surface

quality, drilling parameters and the resistance of the
workpiece to machining will cause tool wear.

In this study, 20 mm thick workpieces made of AISI 1040
steel and Al 7075 aluminum alloy materials, which are
widely used in the manufacturing industry, were drilled
with HSS drill bits produced with three different
technologies (rolled, polished, TiN coated). Drill bits with
diameters of 8 mm and 10 mm were used in the study.
Hole surface roughness at the hole entry and hole exit
were examined, while revealing the surface quality change
at the entry-exit, it was tried to determine the effect of the
drill feature difference on the surface quality. The
literature research conducted within the scope of these
topics examined in the study is given in detail below.

Literature Review

The literature review on the subject was made in two
groups, especially on the drilling of workpieces from steel
and aluminum materials, based on the studies carried out
in the last ten years. The research focused especially on
hole surface quality and tool wear. Marui et al. [1] stated
that with increasing cutting speed, generally better hole
surface quality is obtained, but high cutting speeds
negatively affect hole cylindricality. Kilickap et al. [2]
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carried out experimental studies in the drilling of AISI
1040 steel material with 8 mm diameter TiN coated HSS
drill bit, under MQL, compressed air and dry chip removal
conditions. In the study, they chose the cutting speed in the
range of 5-15 m/min and the feed in the range of 0.1-0.3
mm/rev. For the same feed rate, they determined that when
the cutting speed is increased three times, the surface
roughness of the hole increases-deteriorates by about 55%.
It was found that the surface roughness increased with the
increase of feed rate, depending on the cutting speed. Garg
et al. [3] selected a feed of 0.01-0.02 mm/rev and a cutting
speed of 12 m/min-37 m/min in the drilling of AISI H11
steel material at a depth of 10 and 20 mm using 10 mm
diameter TiAIN coated carbide drills. They observed that
the hole surface roughness increased by 43% when the
feed rate was doubled. They also observed that the hole
surface roughness increased by 70% when the hole depth
was doubled from 10 mm to 20 mm. Ankalaki et al. [4], in
their study, stated that the surface roughness decreases
with the increase of cutting speed and stated that the basic
condition of reducing the production cost and improving
the quality by minimizing the errors in any manufacturing
industry is to determine the appropriate working
parameters. Naemah et al. [5] studied the drilling of
Fe360B steel material with HSS drill bits with diameters
of 10 mm and 12 mm, with different drill bit angles
between 900 and 1400. They applied the cutting speed as
30 m/min and the feed in the range of 0.1-0.3 mm/rev. In
the study, it was revealed that the surface roughness
decreased with the increase of the spindle speed (cutting
speed) and the drill bit angle, and the surface roughness
increased with the increase of the drill diameter. Kamdani
et al. [6] studied the drilling of 316 L steel material with an
8 mm diameter uncoated carbide drill bit for 15 mm.
Cutting speed 41 m/min, feed 0.10-0.15 mm/rev. It was
observed that the surface roughness increased by about
30% with an increase of 50% in the feed rate. Krivokapié¢
et al. [7] studied the drilling of 42CrMo4 steel material
with 3 mm, 5 mm and 8 mm diameter HSS drill bits. They
applied the cutting speed as 20 m/min and the feed as 0.03,
0.05 and 0.10 mm/rev. Drilling depths were chosen as 9
mm, 15 mm, 24 mm, 3 times the drill diameters. At the
same cutting speed, the roughness increased as the feed
rate increased. They stated that the surface roughness
increased at the hole exit under all experimental
conditions. Wegert et al. [8] examined the temperature and
wear in the drilling zone. They stated that with a drill bit,
the temperature value increased to 150°C after three dry
drilling operations. It was also noted that the outer edge of
the cutting tool had higher wear. Sharif et al. [9]
performed 10 mm drilling of 316 L steel material with a 4
mm diameter uncoated carbide drill bit, and investigated
the tool wear and hole surface quality. They chose the
cutting speed as 18 m/min and 25 m/min, and the feed in
the range of 0.03-0.06 mm/rev. They reached the reference
wear value of 0.3 mm at the end of 20 holes at a cutting
speed of 18 m/min at 0.03 mm/rev feed and at the end of 7
holes at a cutting speed of 25 m/min at 0.06 mm/rev feed.
They observed that tool life decreases as cutting speed
and/or feed increases. In addition, they stated that when

the cutting speed increased by 38%, the surface roughness
values of the holes decreased by approximately 23% and
better surface quality was achieved. Jindal [10] used HSS
drill bits in the diameter range of 5-12 mm for drilling
mild steel materials. He chose the cutting speed in the
range of 8 m/min to 22 m/min and the feed in the range of
0.11-0.14 mm/rev. In these selected working conditions,
the minimum (30 pm) wear value at the lowest cutting
speed and the maximum (190 um) wear value at the
highest cutting speed were determined. Akincioglu et al.
[11] drilled 7 mm thick AISI D2 steel using 5 mm
diameter uncoated carbide, TiN coated carbide and TiAIN
coated carbide drill bits. They chose the cutting speed in
the range of 50-65 m/min and the feed as 0.0063 mm/rev
and 0.08 mm/rev. At the same drilling conditions, the TiN-
coated drill bit produced approximately 23% better surface
quality than the uncoated drill bit. They stated that while
the uncoated drill bit creates higher surface roughness, the
increase in feed causes an increase in the surface
roughness, and the coated drill bit provides 3 times better
tool life than the uncoated drill bit. Saleem et al. [12]
applied drilling to 104 mm thick AISI 1045 steel material
with an 8 mm diameter uncoated HSS drill bit, with 3 mm
and 5 mm steps. In the study, the cutting speeds were
chosen as 6 m/min and 15 m/min, and the feed rate as 10
mm/min, 15 mm/min, 20 mm/min. Surface roughness was
measured at the hole entrance and exit, and it was stated
that higher surface roughness occurred at the hole exit
under all conditions. It has been stated that the determined
wear values are formed as steep curves for the first 100 pm
due to the rapid initial wear. Nouari et al. [13] applied 25
m/min cutting speed and 0.04 mm/rev feed in their study
on drilling AA 2024 aluminum material with 6 mm
diameter uncoated HSS drill bit. They stated that the
surface roughness increased by 25% in the creation of
three holes at the drilling depth determined as 8 mm,
compared to the case of drilling a single hole. They stated
that the increase in surface roughness was caused by tool
wear. In addition, they stated that HSS drills are not
suitable for dry drilling of aluminum alloys, regardless of
the cutting speed used. Haq et al. [14] studied the drilling
of LM 25 aluminum material with a TiN-coated 10 mm
HSS drill bit at different tool tip angles. The cutting speed
was selected in the range of 35 m/min to 88 m/min, the
feed in the range 0.050 mm/rev to 0.200 mm/rev. The hole
depth is 20 mm. In the study, the surface roughness was
measured between 2.22 pm and 8.27 um. Kurt et al. [15]
drilled Al 2024 aluminum with 10 mm diameter uncoated
HSS, TiN coated HSS and TiAIN coated HSS drill bits.
They chose the cutting speed between 30 m/min and 60
m/min, and the feed between 0.15 mm/rev and 0.25
mm/rev. The hole surface roughness determined under
these test conditions are between 3.95 um and 7.90 um.
Giasin et al. [16] studied Al 2024 aluminum drilling with a
6 mm diameter drill bit at different cutting speeds and
different feed rates. They stated that surface roughness
increased with increasing spindle speed and feed rate, and
the effect of feed rate on surface roughness was greater
than spindle speed. Sreenivasulu et al. [17] optimized the
surface roughness and circularity deviation of drilled holes
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in different aluminum materials (2014, 6069, 6061, 7075)
especially used in the automotive and aerospace industries.
Experimental studies were carried out with drill bits of
different diameters and tip angles, at different cutting
speeds and different feed rates. Surface roughness values
ranging from 0.15 um to 0.56 pm were determined.
Elajrami et al. [18], in their study on drilling Al 2024
aluminum material using HSS drill bit, the cutting speed
was chosen between 15 m/min and 22 m/min, and the feed
was between 0.3 mm/rev and 0.8 mm/rev. They stated that
there was a 166% difference between the selected
parameters and the lowest and highest surface roughness
values obtained. Ficici et al. [19], in their study on drilling
Al 7075 aluminum material at 20 mm and 30 mm depth by
using HSS and TiN coated HSS drill bits, found that the
cutting speed was between 15 m/min and 25 m/min, the
feed was 0.05 mm/rev It was selected in the range of 0.15
mm/rev. With the selected parameters, the smallest surface
roughness value obtained was 1.00 um, the highest surface
roughness value was 3.00 pm.

The manufacturing industry focuses on producing high
quality products at minimum cost. In this respect, the
results of the literature review are given above in detail
and quantitatively, so that tool selection and parameter
determination can be made, depending on the
expectations, in order to find answers to possible demands
in the relevant manufacturing areas. In addition, within the
scope of the subject, the results of the literature for the
targeted studies are given below qualitatively. It is stated
that in steel workpieces, under the same drilling
conditions, TiN coated drill bits give good results and the
surface quality of holes created by carbide drill bits is
better than holes created with high speed steel drill bits. In
the drilling of aluminum alloy workpieces, it has been
observed that the cutting speed does not affect the hole
surface roughness at low feed rate, but the surface
roughness decreases as the cutting speed increases, and the
surface roughness increases as the feed increases. In the
literature, it is seen that as the feed rate increases, the
surface roughness increases and tool wear also affects the
surface roughness. It can be noted that the new drill bit
reduces the surface roughness compared to the worn drill
bit. In all studies, high cutting speed and low feed
generally appear to result in better hole surface quality.

In this study, the effects of spiral drill bits with different
properties on hole surface roughness and drill bit wear
were experimentally investigated on two different
workpiece materials, which are widely used in the
manufacturing industry.

Material and Methods

Drilling processes were carried out in FIRST brand MCV-
300 model CNC machining center. The experiments were
carried out under dry cutting conditions. In Figure 1,
experimental studies and experimental design are given
schematically.

L (=

Ocular micrometer
Surface Roughness

Tester

[Tool Makers Microscobe

Figure 1. Experimental design and setup

Three different HSS spiral drill bits with 8 mm and 10 mm
diameters, rolled, polished and TiN coated were used. The
general specifications of the drill bits are given in Table 1.

Table 1. Properties of HSS spiral drill bits used in
experiments.

Drill type Properties and views of drill bits

DIN338 1SO 235, ——
Rolled N type 118° ) )

(8-10 mm) yp m——
DIN338 ISO 235, =~
Polished N type 118°

(8-10 mm) (e——— A A
DIN338 1SO 235, CSoSaNas

TiN Coated N type:135°

(8-10 mm) CEESOSOSSS

In the selection of workpiece materials, their widespread
use in the manufacturing industry was taken into account,
and the drilling parameters were determined by
considering the relevant literature and application
principles.
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The chemical composition and mechanical properties of
AISI 1040 steel and Al 7075 used in the experiments are
given in Table 2 and Table 3. Al 7075 aluminum alloy is
preferred in the aerospace industry, but its machining is
more difficult than other aluminum alloys due to its high
strength.

Table 2. Chemical composition and mechanical properties
of AISI 1040 steel

% C % Fe % Mn % P % S
0.37-0.4 98.6-99.0 0.60-0.90 <0.04 <0.05
Hardness Tensile Tensile Shear

(HV) Strgngth Str_ength Modulus

Ultimate Yield (GPa)

155 525 (MPa) 290 (MPa) 80

Table 3. Chemical composition and mechanical properties
of Al 7075 Aluminum alloy

Al % Cr% Cu% Mg % Mn % Zn %
87-91 0.18-0.2 1.2-2 2,1-29 0,30 5,1-6,1
Tensile Tensile
Up to Strength Strength Hardness

100 mm Ultimate Yield
533 (MPa) 462 (MPa) 150 (HB)

The feed rate was taken as 0.1 mm/rev, taking into account
the drill bit specifications and the relevant literature [2, 5,
10, 12, 13, 15, 18, 19]. The cutting speeds determined
according to the material of the workpieces are given in
Table 4.

Table 4. Cutting speeds according to drill bit properties
and diameter

Diameter Cutting speed (m/min)

of drill (mm)  AISI1040 AI7075
DIN 338 8 32 38
Rolled 10 32 47
DIN 338 8 32 38
Polished 10 32 47
DIN 338 8 40 38
TiN Coated 10 40 47

Experimental Results and Discussion
Surface quality of the hole

In the experiments, 20 mm thick workpieces were drilled
through. Experiments were repeated three times, using a
new drill bit in each experiment. Mitutoyo brand SJ-210R
model surface roughness tester was used to measure the
Arithmetic Average Roughness (Ra) values. Hole surface
roughness was measured from both the hole entrance and
hole exit to determine the effects of drilling parameters
and tool wear. The measurements at the entry were
measured 5 mm after the drill entry surface, and the
measurements on the exit side were measured 5 mm
before the drill exit surface. Surface roughness
measurements were measured from 90° different points
both at the inlet and at the exit, and the average values
were taken. Depending on the drill diameter and the
workpiece material, the surface roughness values obtained

using rolled, polished, TiN coated HSS spiral drill bits are
graphically shown in Figure 2 and Figure 3. In Figure 2,
the values obtained when drilling the steel workpiece are
given, and it is seen that drilling with TiN coated HSS
drills in both 8 mm diameter and 10 mm diameter gives
much better results in terms of surface roughness at hole
entry and exit. Figure 2 shows that TiN coated drill bits
contribute positively not only to wear resistance but also to
surface roughness. It can be stated that this is due to the
low friction coefficient of the coating material, which
facilitates the chip flow and positively affects the surface
roughness. In drilling AISI 1040 steel, the surface
roughness of the hole exit increased with increasing drill
diameter for all drill bit types.

AISI 1040

- * Hole exit
Smm 10mm

8mm Hole entry

10mm

8mm

Swrface roughness of the hole (pum)

Rolled HSS 10mm
twist duill bit | Polished HSS
twist drill bit TiN coated
HSS twist
drill bit

Figure 2. Hole surface roughness measured in AISI 1040
steel workpiece

As seen in Figure 3, the lowest surface roughness was
observed with the TiN coated drill bit at the hole entry and
hole exit for both drill diameters when drilling Al7075
aluminum alloy material.

Al7075

Surface roughness of the hole (pun)
=
S

Rolled HSS
twist drill bit Polished HSS 10mm
twist drill bit
= Hole entry TiN coated
HSS twist drill
= Hole exit bit

Figure 3. Hole surface roughness measured in Al 7075
aluminum alloy workpiece

In the literature [5], it is stated that the surface roughness
increases as the drill diameter increases. The values
obtained as a result of the study are quite compatible with
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the relevant literature. In addition, in the literature [7, 12],
it is stated that there is more surface roughness at the hole
exit under all experimental conditions. In this respect, the
results are in line with the literature. In the literature [12],
it is stated that the surface roughness is 35-50% lower at
the hole entry compared to the hole exit, and the surface
quality is worse at the exit. Due to the friction of the chip
in the hole and the wear of the tool, the surface quality is
relatively poor at the exit part of the hole. It has been
observed that TiN coated HSS drill bit provides better
surface roughness than uncoated HSS drill bits. This
situation is quite compatible with the relevant literature
[11].

Drill bit wear

SOIF brand microscope and OSM brand ocular
micrometer with 0.1 pm precision were used to measure
the wear values of drill bits. The measurement of the
average width of the wear area was made according to the
ISO 1993:3685 standard. The wear images of drilling Al

7075 material with 10 mm diameter drill bits with
different features are given in Figure 4.

Illlﬂgﬂ
Flank

Face 39um

N m .
7 | “
A \ 81um
A ) /
B3 L LB

27um

Cutting lip

Figure 4. Wear images of drill bits with different
properties

The wear values of the drill bits are given in Figure 5. The
following evaluation has been reached in the drilling of
both materials used in the experiments and whose hardness
values are close to each other.

Minimum wear was determined when drilling the
aluminum workpiece with a TiN coated drill bit. TiN
coating increases the wear resistance of the drill bit. The
wear values occurring in drill bits with different properties
and different diameters are seen in TiN coated, rolled and
polished drill bits, respectively. In the study of drilling
AISI 1045 steel with an 8 mm diameter HSS drill bit, it
has been stated in the literature[12] that the determined
wear values occur as steep curves for the first 100 um due
to the rapid initial wear. The reason for the highest wear
value observed in ground HSS drill bits is thought to be
due to the rapid wear of the cutting edges in the rapid
initial wear zone [12]. In the study, it is seen that the
determined wear values are compatible with the relevant
literature. Akincioglu [11] stated that the coated drill bit
provides 3 times better tool life than the uncoated drill bit.
Since the hardness of the Al 7075 material is close to the
hardness of the AISI 1040 material, it caused tool wear as
much as the tool wear in the machining of mild steel, since
its machinability is not very good due to its hardness. In
the literature [10], for drilling mild steel with HSS drill,
wear values of 30 um in 5 mm drill bit and 190 pm in 12
mm drill bit were measured. Increasing drill diameter also
affects tool wear. It was observed that the drill bit wear
values increased with the increase of the drill bit diameter.
It is seen that the measured wear values are in good
agreement with the literature [10]. Experimental results
showed that drill bit wear increased with increasing drill
bit diameter

Depending on the tool wear, the volume of metal removed
per unit wear was determined and given in Figure 6. When
the wear graph (Figure 5) is examined, it is seen that more
wear values are measured in large diameter drills, which is
in line with the relevant literature. However, when the
wear values are proportioned considering the hole
volumes, it is seen that the chip volume removed by the
large diameter drill bits is higher. The wear values per unit
chip volume removed are given in Figure 5. It is observed
that large diameter drill bits have less wear per cm?® of
removed volume for each drill bit specification and
material type. This graph, which can be an important
selection criterion for hole cost, can be evaluated together
with current drill costs and can provide an approximation
in terms of possible tool life based on material removal
rate.

mALIT075
mAISI 1040

Drill bit wear (pun)

Rolled HSS
twist drill bit

Polished HSS
twist drill bit

TiN coated HSS
twist drill bit

Figure 5. Wear of drill bits

mALT7075
mAISI 1040

—
on

)

—
>
>

wear (pum/cm®

Rolled HSS
twist drill bit

Chip volume removed per unit

Polished HSS
twist drill bit

TiN coated
HSS twist drill
bit

Figure 6. Removed chip volume per unit wear value
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In Figure 6, lower values mean better results. In this
regard, coated HSS drill bits appear to perform quite well
in drilling both materials.

Conclusion

In this study, the effects of drill bit properties on wear of
drill bits and surface roughness at hole entry and hole exit
were investigated when drilling different workpiece
materials.

o In general, hole surface quality decreased with
increasing drill bit diameter when drilling both
materials. When drilling AISI 1040 material with 8
mm drill bits, TiN-coated drill bits provided 59.3%
better surface quality than rolled drill bits and 46%
better than polished drill bits. In the case of drilling
with a 10mm drill bit, TiN-coated drill bits provided
51.3% better surface quality than rolled drill bits and
42.27% better than polished drill bits. When Al 7075
material is drilled with an 8 mm drill bit, TiN coated
drill bits provide 25.9% better surface quality than
rolled drill bits and 17.3% better than polished drill
bits. In the case of drilling with a 10mm drill bit, TiN-
coated drill bits provided 22.9% better surface quality
than rolled drill bits and 5.65% better than polished
drill bits.

e |tis seen that 8 mm TiN coated drill bit wears 25.64%
less than the rolled drill bit and 63.17% less than the
polished drill bit when drilling Al 7075 material. It is
seen that the 10 mm TiN coated drill bit wears 29.74%
less than the rolled drill bit and 66.17% less than the
polished drill bit. When drilling AISI 1040 material, it
is seen that the 8 mm TiN coated drill bit wears
20.23% less than the rolled drill bit and 63.64% less
than the polished drill bit. It is seen that the 10 mm TiN
coated drill bit wears 25.35% less than the rolled drill
bit and 66.91% less than the polished drill bit.

e The preferred drill bit type, such as rolled, polished or
TiN coated, is an important criterion for hole cost.
Considering the wear value depending on the chip
volume removed, an approximation can be provided
for the probable tool life and drill cost. In the
experimental studies carried out with selected
parameters, it was observed that the minimum surface
roughness was achieved with TiN coated HSS drills
and the minimum tool wear occurred in TiN coated
HSS drills when drilling both materials. TiN coated
HSS drills provide advantages in terms of
manufacturing costs due to their low wear values and
use at high cutting speeds. However, it should not be
overlooked that TiN coated HSS spiral drill bits can
have negative results in continuous use when drilling
Al materials due to the reaction of the coating with the
workpiece material.
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Diinya ekonomisinde biiyiik bir 6neme sahip olan ingaat sektoriinde projeler; teknolojinin ilerlemesi, proje
Olgeklerinin bityiimesi, taraflarin ¢gogalmasi, taleplerin ¢esitlenmesi ve artmasi gibi sebeplerden otiirii her
gecen giin daha karmasik hale gelmektedir. Ozellikle, insaat projelerinde meydana gelen is degisiklikleri
ingaat projelerinin bagarisini nitelendiren proje siiresi, biitgesi ve kalitesi tizerinde biiytik etkiye sahip olup,
ingaat projelerinin istenilen performansta tamamlanmasina karsi biiyiik tehdit olusturmaktadir. Bu
calismada, is degisikligi taleplerinin gok sik olustugu drnek bir proje tizerinden vaka analizleri yapilarak
is degisikliklerinden sistematik takibi ve is degisikliklerinden dogan hak taleplerinin basarili bir sekilde
yonetilebilmesi i¢in kontrol adimlart ve formlar olusturulmustur. Farkli degisiklik talepleri ve bunlara
bagl olarak ortaya ¢ikan hak talepleri incelenmis, bunlarin proje siiresine, biitgesine, i verimliligine ve
taraflar arasi iliskilere etkileri ortaya konmustur. Hak taleplerinin hizli ve dogru yonetilebilmesi i¢in
oncelikle is degisikligi emirlerinin yonetim siirecindeki aksamalar sunulmus ve sistematik bir is degisikligi
ve hak talebi kontrolii saglanmasi amaciyla kontrol adimlari ve formlart olusturulmustur. Bu kontrol
adimlari, akis semalart ve formlart yardimiyla gerek proje yonetim firmalari gerek yiikleniciler gerekse de
ig sahipleri hem is degisikliklerini hizli yonetebilecek ve projede verim kayb1 yasamayacaklar, hem de tiim
proje taraflarini ilgilendiren i degisikliklerinin ve hak taleplerinin dogru ve sistematik yonetilmesini
saglayabileceklerdir.
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* Sorumlu Yazar

Construction projects have great importance in the world economy and they have been becoming more
complex every day due to the advancement of technology, the growth of the project scales, the proliferation
of the parties, the diversification and increase of the demands. In particular, changes in construction
projects throughout project duration due to change orders or other reasons have a great impact on the
project duration, budget and quality, which characterize the success of construction projects, and pose a
great threat to the completion of construction projects with the desired performance. Different change
requests and the claims arising from them were examined, and their effects on the project duration, budget,
work efficiency and relations between the parties were revealed. Control steps and forms have been created
to ensure claim control. In this study, control steps, flowcharts and forms were created for the systematic
follow-up of job changes and the successful management of claims arising from job changes by conducting
case studies on a sample project where job change orders occur frequently. Different change orders and
the claims arising from different types of change orders were examined, and their effects on the project
duration, budget, efficiency and relations between the parties were revealed. In order to manage claims
quickly and accurately, the disruptions and problems in the claim management process due to change
orders were presented and control steps and forms were created in order to ensure a systematic job change
and claim control. By the aid of these control steps, flowcharts and forms, both project management
companies, contractors and owners will be able to manage job changes quickly, not to lose productivity in
the project, and to ensure correct and systematic management of business changes and claims that concern
all project parties.
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Giris

Giliniimiize barajlari, sanayisi, enerji tesisleri, yollari,
hastaneleri, fabrikalari, altyapilart vb. yapilari ile birlikte
ilkemizin  gelismekte  olan  bir  ilke  oldugunu
diistindiiglimiizde; gelisimin temel alt yapisin1 ’ingaat’
sektoriiniin olusturdugunu sdyleyebiliriz. Ulkemizde insaat
sektoriiniin ekonomi igerisindeki basl basina kendi payr %8
civarindadir. Insaat sektorii ayni zamanda dogrudan veya
dolayli olarak 200’tin istinde farkli sektorlere istihdam
saglayarak ve katma deger yaratarak ‘’ekonominin kaldiract’
’olma oOzelligini de tasimaktadir ve bu sektorler de hesaba
katilirsa ekonomi igerisindeki dolayli yaklasik payr %30
bandinda olmaktadir [1].

Insaat sektorii Tiirkiye’de ve Diinya’da ekonominin
gelismesine katki saglayan is kollarmin basinda gelmesine
ragmen ekonomideki i¢ ve dig hareketlenmelere paralel olarak
en cok etkilenen sektorlerin baginda gelmektedir. Ekonomik
hareketlenmelerle birlikte jeopolitik ve siyasi riskler ve
belirsizlikler de insaat sektoriine olan giivenin azalmasina
sebep olmaktadir. Insaat projelerinin karmasik ve kompleks bir
yapisimin olmasi, mekanik, elektrik, mimari ve insai basta
olmak iizere birgok disiplinin siirece dahil olmasi ve
disiplinlerin birlikte ¢aligmasi gerekliligi projelerin bir biitiin
olarak ilerlemesini ve gruplar arasindaki koordinasyonun
saglanmasint zorlastirmistir. Disiplinlerin herhangi birinde
meydana gelen bir degisiklik projenin tiim parcalarini biiyiik
olciide etkileyebilmektedir. insaat projelerinde karsilasilan “’Is
degisiklikleri’’, projenin tipi, biiylikligii, yapilis amaci ne
olursa olsun ingaatin her evresinde ortaya g¢ikabilen ve tiim
ingaat projelerinin maruz kaldig1 kagmilmast miimkiin olmayan
ortak bir konudur [2]. Diinyada bu noktada olusan boslugun
doldurulmasinin  gerekliligi, insanlarin kendilerini daha
giivende hissedecek ortamda insaat yatirimi yapmak istemeleri
ve yatiimlarmm istedikleri siire, kalite ve maliyette
gerceklestirilmesi talepleri Projelerin ¢ok daha iyi yonetilmesi
gerekliligini  dogurmustur. Bu sebeple 6zellikle biiyiik,
karmagik ya da uluslararasi projelerde firmalar proje yonetim
sirketleri ile caligma geregi duymaya baslamislardir. Soz
konusu projelerde ortaya ¢ikan is degisikliklerinin proje
kalitesi, projedeki isgiicii verimliligi, projedeki taraflar arasi
iliskiler tizerinde biiyiik etkilerinin oldugu da tespit edilmistir.
Bazi degisiklikler 6zellikle is sahibine uzun vadede fayda
sagliyor gibi goriinse de ¢ogu degisiklikler dogru yonetilmedigi
siirece muhtemel olasilikla projenin siiresinin uzamasina ve
biitgesinin artmasina yol agan kotii sonuglart beraberinde getirir
[3]. Bu calismada insaat projeleri boyunca olusan hak
taleplerinin hizli ve dogru yonetilebilmesi i¢in tasarim oncesi
donemden baslayarak, insaatin tamamlanmasi sonrasindaki
donemi de kapsayacak sekilde is degisikligi emri yonetim
siirecindeki aksamalar sunulmus ve kontrol formlari
olusturulmustur Boylelikle, is degisikligi kontrol siiregleri ve
buna bagli gelisen hak taleplerinin kontrol siireclerinin tablo ile
sistematik hale getirilmesi hedeflenmistir.

Yontem

Bu calismada oncelikle is degisikligi emri ve hak talebi
yonetimi kavramina yer verilmistir. Ardindan, is degisikligi
taleplerinin ¢ok sik olustugu &rnek proje hakkinda genel
bilgiler paylasilmig, proje yOnetimi ve organizasyon
sunulmugtur. Ardindan, 6rnek proje iizerinden vaka analizleri

yapilmis ve projede yasanan is degisikligi taleplerinin proje
biitgesine, siiresine, is giicii verimliligine, son olarak da taraflar
arasindaki iligkiye etkisi detaylandirilmigtir. Olusan s
degisikligi ve hak talebi yonetim siirecine ydnelik kontrol
tablolar1 hazirlanmistir. Proje paydaglarinin tasarim Oncesi
donemden baslayarak, insaatin tamamlanmast ve hatta proje
teslimini de kapsayarak hangi asamada hangi 6nlemi almasi
gerektiginden bahsedilmistir.

Is Degisikligi Emri ve Hak Taleplerinin Yonetimi

Baxendale ve Schofield (1996), “’is degisikligini’’ Yiiklenici ve
Is Sahibi arasinda imzalanan ana sozlesmenin kapsamimda
yapilan herhangi bir degisiklik olarak tanimlamislardir [4]. Bu
calismada da 6zellikle “is sahibi” (owner) ifadesi kullanilacak
olup, burada Construction Management Association of
America (CMAA) tanimlari baz alinacaktir [5]. Genel olarak is
degisikliginin ortaya ¢ikmasi sonrasinda taraflardan birinin is
degisikliginin ~ dogurdugu sonuclara ydnelik zararmni
karsilayacak nitelikte talepte bulunmasi literatiirde ‘’hak
talebi’” olarak adlandirilmaktadir [6, 7, 8]. Hak talebi,
yiiklenicinin is sahibinden, is sahibinin yiikleniciden veya
miihendis/mimardan veya iiciincii kisilerin diger taraflardan
bulunmasi seklinde 3 koldan gerceklesebilir [9]. Yapilan
literatiir taramalarinda is degisikliginin ortaya ¢ikmasi
sonrasinda yonetim siirecinin genel olarak bes asamadan
olustugu goriilmiistiir [10,11,12]. Bu asamalar: (1) Degisiklik
talebinin tespit edilmesi ve talebin Miihendis/Mimara
iletilmesi, 2) Degisiklik talebinin hakliliginin
Miihendis/Mimar tarafindan degerlendirilmesi, (3) Degisiklik
talebi c¢alismasinin  Miihendis/Mimar tarafindan analiz
edilmesi, (4) Degisiklik talebinin Is Sahibi ve Miihendis/Mimar
tarafindan onaylanmasy/reddi, (5) Onaylanan is emri degisikligi
calismasimin resmiyet kazanmasi sonrasi proje, belge ve
dokiimanlarin giincellenmesi, uygulanmaya baglamasi seklinde
siralanmugtir.

Ornek Proje Hakkinda Genel Bilgi

Projenin olusum stireci, kapsamu, tipi, proje siirecine dahil olan
taraflar, ihale siireci vb. konular, projede yasanan
degisikliklerin yatagimi olusturdugu igin bu boliimde proje
siireci ve kapsami hakkinda genel bilgiler verilmistir. S6z
konusu ¢aligma, bagindan sonuna kadar ilgili projede ¢alisan
proje yoneticisi konumunda olan yazarlardan birisinin, giinliik
deneyimlerini kapsadigindan, tiim siiregleri icermektedir. Ote
yandan benzer projelerin de incelenmesi, ¢aligmanin degerini
artiracaktir. Proje konusu, X iiretim fabrikasinin yapacagi
iiretim tesisi yatiriminin ingaat siirecini kapsamaktadir. Proje
kapsami, iiretim binasi, yonetim binasi ve yardimci tesisler
(glivenlik binalar1, akii sarj yapilari, enerji merkezi binasi, su
deposu) ile birlikte yaklasik 35.000 m2’ dir. Proje biitcesi,
sozlesme bedeli 49.500.000 TL’dir. Insaat siirecinde yasanan
ek isler, kapsamdan ¢ikarilan igler, degisen isler ile birlikte
57.500.000 TL’ye insaat tamamlanmistir.  Projenin
baslangig/bitis tarihleri, tasarim baslangi¢: 10.03.2017, insaat
baglangic: 26.04.2018, insaat bitis: 30.06.2019°dur. S6zlesme
tipi, anahtar teslimi gotiirii bedel esasli s6zlesmedir.

Proje Yonetim Firmasi yonettigi projelerde, genel olarak igin
fikir proje asamasinda siirece dahil olmaktadir. Proje Yonetim
Firmas1 bu proje i¢in de benzer sekilde tasarimin fikir
asamasinda siirece dahil olmus olup ihale siirecini de
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yiiriitmiistiir. Kesin kabule kadar proje yonetim siirecinde
bulunmustur. Proje yonetimini ofis kadrosu ve santiye kadrosu
lizerinden yiriitmiigtiir. Ancak “’yiiklenici ile sozlesme
imzalanmas1’ asamasinda igveren tarafindan siire¢ dist
birakilmistir. Ornek projeyi yoneten Proje Yénetim Firmasinin
dahil oldugu ve yonettigi siirecleri gosteren akis diyagrami
Sekil 1’de 6zetlenmistir.

Sartname ve Tasanm

Kontrolluk

Fizibilite Sbzlegme Hazirlik
»  Tesgkilat N )
i Avan Proje)
Hazirhk Olusturulmasi Hazirhk (Avan Proje,
Bltgelendirme Proje ik Yikieniclyle
I3 (Finans »{  Yapima ~(Ep Y;ec?:xc’ » Sozlegme
Saglanmasi) Karar? Imzalanmas:
(H)
I
Santiye | Tasanm
| o Rev
» Yer Teslimi » lge Baglama | »  Kurulug Ue.nzlyonv -
Mobilizasyon) (Uygulama
( Gizimleri)
Plan! Tedarik Kontrol
esmsivg (Malzeme, Uygulama (Kalite €)
1;aa1w::er‘ + »  lsglict, »  (Oretim, »  Metrajlar,
ot Ekipman, Imalat, Montaj) Biitge, Is
B0ke) Hizmet) glvenigi)
N EEERERT
¥
Y
? I
(H) Kapsaminda
Revizyon?,
|
(H) l
[ lsBitg? >-(Ep I8 Bltmi

(Demabilizasyon)

(Karar kututaninda;
E: Evel, H: Hayr anlamindadr.)

Sekil 1. Proje yonetim firmasinin genel akis semasi.

Isveren ise bircok yoneticisi bulunan biiyiik 6lcekli bir iiretim
firmasidir. Firma, mevcut tesislerinin ihtiyaglarint artik
kargilamadig1 gerekgesi ile yeni tesis yapilmasi girisiminde
bulunmustur. Bu kapsamda firma kendilerini temsilen projenin
basina proje bazli yoneticiler getirmistir.

Yiklenici Firma, mekanik, elektrik ve diger disiplinleri
biinyesinde barmdiran ana yiiklenici sifatindadir. Yiklenici
firma, kendi bilinyesinde barindirdig1 birgok farkli gruplar ile
calistigt projelerde ¢esitli pozisyonlarda bulunmus, isi
yapabilecek yetkinlikte bir firmadir.

Tasarim firmasmin yapisina ve siirece katkilarina bakacak
olursak, tasarim gruplarinin se¢iminde koordinasyonun kolay
ve bilgi akiginin daha eksiksiz olmasi agisindan mekanik,
elektrik, statik, altyap1 gruplarmi biinyesinde barindiran ana bir
Mimari Tasarim Grubu se¢migtir. Bdylece uzun siiredir
birbirini taniyan ve ¢aligsma aliskanlig1 olan farkl disiplinlerin
arasinda bilgi kopuklugu yasanmasmin Oniine gegilmeye
caligtlmustir. Isverenin kararsizliklari, zaman zaman kapsam
degisikligine gitmesi ve ihtiyag planmi bir tiirli
netlestirememesinden Otlirli 6 ay olarak Ongoriilen 6rnek
projenin tasarim siireci 1 y1l1 gecmistir. Bu siirecte tamamlanan
projenin Is Sahibi talebi ile iptal edilerek baska bir tasarima
gidilmesi ve projede ylizlerce revizyon talepleri yaganmasindan
otirt Tasarim Gruplarmnin caligma istek ve performanslari
diigmiistiir.

Insaat sektoriinde yasanan is degisikliklerini minimize edecek
proje yonetim sistemi Onerisi getirilebilmesi i¢in Oncelikle
ornek projeyi yoneten Proje Yonetim Firmasinin proje
stirecindeki goérev tanimi, is kapsami ve yoOnetim sistemi
incelenmisgtir. Ormek projeyi yoneten Proje Yonetim
Firmasmin proje stiresince projedeki paydaslar arasindaki rolii
ve projedeki organizasyon yapisi Sekil 2°de gosterilmistir.

IS SAHIBI TEMSILCISI

PROJE YONETIM
FIRMASI

iS SAHIBI

TASARIM
GRUPLARI

DIGER HIZMET
GRUPLARI

MIMARI TASARIM GRUBU

STATIK TASARIM GRUBU
MEKANIK TASARIM GRUBU
ELEKTRIK TASARIM GRUBU

ALTYAPI TASARIM GRUBU

ANA YUKLENICI

l ] l

INCE INSAAT ISLERI MEKANIK ISLERI ELEKTRIK ISLERI
ALT YUKLENICIsI ALT YUKLENICISI ALT YUKLENICISI

KABA INSAAT
ISLERI
ALT YUKLENICISI

Sekil 2 :Proje yonetim firmasinin projedeki rolii

incelenen Projede is Degisikligi Emri Talepleri ve Yonetimi

Is degisikligi emri taleplerinin ortaya ¢cikmasinda, her projenin
kendine 6zel bir siirii sebebi olmakla birlikte 6rnek projede
yasanan is degisikliklerinin, degisiklik taleplerinin, krizlerin ve
anlagmazliklarin baslica sebeplerini, etkilerini ve sebeplerin
olusmasina katki saglayan proje taraflarmm belirlenebilmesi
amaci ile 15 adet Ornek olay iizerinden Vaka Analizi
yapilmistir. Ancak sayfa kisiti nedeniyle tiim vaka analizleri
makaleye eklenememis ve 6rnek olmasi amaciyla 4 adet vaka
analizi Tablo 1’de paylagilmistir.

Bulgular

Ornek Projedeki Is Degisikligi Emri Taleplerinin Proje
Uzerindeki Bashca Etkileri

Omnek proje biitiiniiyle incelendiginde ilk dikkat ceken hususlar
sirasiyla asagida sunulmustur. Is veren vekillerinin (proje
yoneticileri) sozlesme imzalanmasi siirecinde yiiklenici ile
birebir gériismeler ve toplantilar yapmasi, goriismelerde alinan
kararlarin ve bu Kkararlarin sézlesme eki dokuman olarak
imzalanmas1 asamasinda bir kontrol mekanizmasi olan proje
yonetim firmasmin devre dist birakilmis olmasi insaat
asamasinda yasanan bir¢ok sikintinin temelini olusturmustur.
Yine s6z konusu proje bazli yoneticilerin, yeterli kapasitede ve
yetkinlikte olmamasi, siirecte baskin karakter olarak rol
almalar1 ve kullanicilarn ingaat siirecinde dahil etmeleri, is
verenin birgok karar verici yoOneticisinin bulunmasi, her
yoneticinin projenin farkli agsamalarinda siirece dahil olmasi,
yine her yoneticinin farkli istekte bulunmasi ve siirekli is
degisikliginin yasanmasi, iy veren vekillerinin aralarinda
koordinasyon bulunmamasi gibi sebepler, proje siirecinde bir
cok is degisikligi emrine dolayist ile anlagsmazliklara neden
olmustur.
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Yiiklenicinin Proje Yonetim Firmasi ile ¢alisma uyumlulugu
konusunda pozitif ve negatif yanlar1 olmustur.

Vaka 1

Tablo 1. Ornek projede olusan hak talepleri vaka analizi érnekleri

Talep:

Talebin
degerlendirilmesi:

Talebi olusturan
sebepler:

Etkileri:

Vaka 2

Yiklenici, sézlesme eki elektrik ve mekanik projelerin esas alindigi hesap raporlarinin yanlis oldugunu, bu sebeple hesaplarin
yeniden yapilarak elektrik projelerinin hazirlanmasi gerektigini, bu revizyonlardan dolayi olusan ilave bedelin de kendilerine
ddenmesi gerektigini beyan etmistir. Talebini, sézlesme eki zeyilname olan “Sézlesme Disi isler” dokiimaninda yer alan
maddeye atifta bulunarak iletmistir

is Sahibi, Anahtar Teslimi insaat isleri S6zlesme yapildigini ileri siirerek gelen talebi reddetmistir ve Proje Yénetim Firmasindan
degerlendirme istemistir. Proje Yonetim Firmasi gelen talebi degerlendirmek igin oncelikle ana sézlesmeyi ve eklerini
incelemistir. Ana sézlesmede Yiikleniciyi niteleyen “basiretli tacir’” sifati kullaniimasina ragmen, “Sézlesme Disi isler” listesinin
ana sozlesmeden sonra imzalanmasindan 6tiiri tim taraflarca oncelikli kabul gordiiglini, sdzlesme eki elektrik projelerindeki
hesap raporunun yanlishgindan kaynakli ortaya cikan revizyon bedelinin Yiikleniciye ek is olarak verilmesi gerektigini is Sahibine
iletmistir. Talebin degerlendiriimesi siirecinde is Sahibi konuyu kriz haline getirse de Yiiklenicinin ilave bedel talebi sézlesme
ekinde yazilan madde geregi kabul edilmistir.

Sozlesme ve eklerinin imzalanmasi sirasinda Proje Yénetim Firmasinin is Sahibi tarafindan siirece dahil edilmemesinden dolay!
sozlesme ve eklerini detayh kontrol edecek bir mekanizmanin olmamasi,
Sozlesme imzalanmasi sirasinda is Sahibinin yetkilendirdigi yéneticilerin imzaladiklar sézlesmeyi ve eklerini kontrol etmemis
olmalari,

Sozlesme ve sozlesme ekleri arasinda uyumsuzluklarin ve gakismalarin olmasi.

Hesaplarin yeniden yapilmasi sonucunda projelerin revizyona ugramasi ilave maliyet olusmasina ve is siresinin uzamasina
sebep olmustur.
is Sahibinin, Anahtar Teslimi insaat Isleri Sézlesmesi imzalandigini 6ne siirerek ve ana sdzlesme imzalanmasindan sonra
imzaladigi “Sézlesme Disi isler” dokiimanini géz ardi ederek ek bedel talebini kabul etmek istememesi taraflar arasindaki
iliskilerin gerilmesine sebep olmustur.

Talep:

Talebin
degerlendirilmesi:

Talebi olusturan

sebepler:

Etkileri:

Vaka 3

is Sahibi tasarim asamasinda proses ihtiyaclarini gbz ardi etmis ve insaat siirecine birakmistir. ingaat siirecinde ise is Sahibinden
proses ihtiyaglarina yonelik yogun talepler gelmis olup bu durum tasarimlarda revizyonlara ve is degisikliklerine sebep
olmustur. Ayrica bazi mahallerde proses ihtiyaci bilgisi Yukleniciye imalat tamamlandiktan sonra verilmistir. Bu durum
tamamlanan imalatlarda kirma ve dékme islerinin yasanmasina sebep olmustur. Yiklenici, taleplerini is emri degisikligi formu
hazirlayarak Proje Yonetim Firmasina iletmistir.

is Sahibinden gelen proses ihtiyaclarindan kaynakli talepler, sézlesme eki projelerde olmamasindan 6tiirii ilave istir.
Yiklenicinin bu baslik altindaki ilave is talepleri degerlendirmeye alinmis ve gelen galismadaki metraj ve birim fiyatlarin Proje
Yonetim Firmasi tarafindan dizeltilmesi sonucu gikan rakam Gzerinde Ylklenici ile anlasmaya varilmigtir

is Sahibinin proses ihtiyaclarini tasarim asamasinda géz ardi etmesi ve netlestirmemesinden dolay bu ihtiyaglarin tasarimlara
islenememesi ve insaat slirecinde glindeme gelmesi,
is Sahibinin proses ihtiyaclarini glindeme getirdigi sirada insaat siirecindeki bir takim imalatlarin tamamlanmis olmasi, degisiklik
talebi igin geg kalinmis olmasindan dolayi yapilan imalatlarin bozulmasi.

Tasarimlarda revizyonlara ve yapilan imalatin bozulmasina sebep olmasindan 6tiru bltge artisina ve is sliresinin uzamasina
sebep olmustur.
imalati tamamlanan bélgeler igin proses ihtiyaglarinin geg iletiimesinden dolayi yapilan imalatlarin kirilmasi ve bozulmasi
gerekmistir. Bu durum Yiklenicinin ¢alisma motivasyonunun diismesine ve ¢alisma verimliliginin azalmasina neden olmusgtur.

Talep:

Talebin
degerlendirilmesi:

Ornek proje yesil bina sertifikasina sahiptir. Yesil bina sertifikasi alinmasi siirecinde projedeki malzeme segimi, yapinin
harcayacagi enerji vb. konulardan puan toplanmasi, projedeki bircok malzeme segimini etkilemistir. Ylklenici bu konuyla ilgili
bircok is emri degisikligi talebinde bulunmusgtur. Yesil bina sertifika danigsmani tarafindan eneriji tasarrufu saglayan aydinlatma
otomasyonu ihale asamasinda talep edilmis, ancak sézlesme imzalanmasi sirasinda Yiiklenicinin sézlesme eki olarak is Sahibine
imzalattig “Sozlesme Disi isler” basligi altinda yazan “Aydinlatma otomasyonu kapsam disidir.” ibaresinden &tiirii aydinlatma
otomasyonu kapsam disinda birakilmistir

Yiiklenici, ihale asamasinda projenin yesil bina sertifikasi kapsaminda oldugunu bilmesine ragmen is Sahibine sézlesme
imzalanmasi sirasinda yesil sertifika stirecinde kullanilmasi gereken malzemelere iliskin teklifini vermedigini belirtilen
maddelerin yer aldigi ve sdzlesme eki olan ’Sézlesme Digi isler” listesini iletmistir. Bu maddeler de is Sahibi tarafindan fark
edilmeyerek imzalanmistir. Yiikleniciden gelen talepler projede revizyon olarak kabul edilmis ve gelen galismalardaki metraj ve
birim fiyatlarin Proje Yonetim Firmasi tarafindan diizeltilmesi sonucu gikan rakam tzerinde Yuklenici ile anlasmaya varilmistir.
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Talebi
sebepler:

Etkileri:

Vaka 4

olusturan

Yesil bina sertifika danismani tarafindan tasarim asamasinda iletilen ve tasarima yansiyan taleplerin is Sahibi tarafindan
imzalanan sozlesme ve eklerinde kapsam diginda birakilmis olarak goziukmesi,
Yesil bina sertifika alinmasi kapsamindaki gereklilikler ile s6zlesme eki dokumanlar arasinda uyumsuzluklarin olmasi,
Yesil bina sertifika alinmasi kapsamindaki gereklilikler ile sézlesme eki sartname ve birim fiyat tarifleri arasindaki
uyumsuzluklarin Proje Yonetim Firmasi tarafindan fark edilmemis olmasi,
Yesil bina sertifikasi alinmasi kapsaminda danismanlik veren firmanin ve tasarim gruplarinin tasarim stirecinde koordineli olarak
¢alismamasi, danismanin tasarimlarin gerekliliklere uyumlulugunu kontrol etmemesi, Tasarim Gruplarinin bu gereklilikleri
tasarimlarina eksik aktarmasi,
Yesil bina sertifika gerekliliklerinin bir kisminin tasarim evresinde degil, ingaat evresinde giindeme gelmesi, yesil bina sertifika
gereklilikleri ile tasarimlar arasinda uyumsuzluklarin olugsmasi.

Tasarimlarda revizyonlara sebep olmasi ve ek is olmasindan otiri bitge artigina
Tasarimlarda revizyonlara sebep olmasi ve ek is olmasindan 6tiirii is siiresinin uzamasina sebep olmustur.

sebep olmustur.

Talep:

Talebin

degerlendirilmesi:

Talebi
sebepler:

Etkileri:

olusturan

Yiklenici, proje kapsaminda bulunan seksiyonel kapilari A marka olarak Proje Yonetim Firmasi onaya sunmustur. Proje Yonetim
Firmasi, sozlesme eki marka listesi, birim fiyat tarifleri, proje ve teknik sartnameleri kontrol ederek gerekli inceleme ve
degerlendirmelerini yapmis ve olumlu gériisiinii is Sahibi onayina sunmustur. is Sahibi kendisine iletilen malzeme onay
formunu incelediginde seksiyonel kapi markasi tercihinin A marka degil B marka oldugunu, sunulan malzeme markasinin buna
gore revize edilip tekrar onaya sunulmasini talep etmistir. Proje Yénetim Firmasi, is Sahibinden gelen talebin hakliligini kontrol
etmek icin sézlesme eki marka listesine tekrar bakmig B markanin da marka listesinde yer aldigini, is Sahibinin talep hakkinin
oldugunu dogrulamis ve is Sahibinin B marka tercihini Yiikleniciye iletmistir. Yiiklenici, kendisine iletilen bildirim Gizerine A ve B
seksiyonel kapi markalari arasinda fiyat farki oldugunu ileri sirerek is emri degisikligi talebinde bulunmustur

Yiiklenici, ihale asamasinda verdigi teklifi A marka kapi fiyatlarini baz alarak verdigini, bu sebeple is Sahibinin B marka seksiyonel
kapi tercih etmesi durumunda ilave fiyat farkinin olusacagini Proje Yonetim Firmasina yazili olarak iletmistir ve bu talebinde
israrcl davranmistir. Proje Yénetim Firmasi yaptigi degerlendirme sonucunda Is Sahibinin, sézlesme eki marka listesinde
bulunan markalar arasinda segim tercihinin oldugunu, ihale strecinde bu durumun da diistintlerek teklif verilmesi gerektigini
ve ihale donemi verdigi teklifinde seksiyonel kapi fiyatinin B marka igin verildigine dair bir ibare olmadigini Yukleniciye ileterek
talebini reddetmistir. Yiiklenici her ne kadar ingai slirecin sonuna kadar talebini siirekli yenilese de talep kabul gérmemistir.

Yuklenicinin, ihale surecinde isi alabilmek, rakiplerine gére fark yaratmak ve tekliflerini olabildigince asagiya ¢cekmek igin
teklifini, fiyatini daha ucuz gordugu markalar lzerinden vermesi,
Yiklenicinin ihale stirecinde kendisine iletilen marka listesinde hangi marka kapi igin teklif verdigini belirtmemesi.

Yuklenicinin fiyat farki verilmemesi durumunda B marka seksiyonel kapi siparis etmek istememesinden 6tiuri malzeme
tedarikinde gecikmeler yasanmistir.
ilave fiyat talebinin is Sahibi tarafindan kabul edilmemesi taraflar arasindaki iliskide gerginliklerin olusmasina sebep olmustur.

Pozitif yani, Proje YoOnetim Firmasma iletilecek, onaya
sunulacak calismalarin bilgi, belge ve dokiimantasyonlaria
son derece hakim olmasi ve iletilen ¢aligmalarin seklen dogru
olmasindan otiirii Proje Yonetim Firmasimin Yiikleniciyi
egitmek ve gelen caligmalar1 formata uygun tekrar diizenlemek
zorunda kalmamasidir. Negatif yam1 ise, Yiiklenicinin
uygulama sirasinda kendi agisindan uygun gordiigii teknik
diizeltme ve degisiklikleri zaman zaman onaya sunmadan
uygulamaya c¢alismasidir. Isveren ile sik sik direkt iletisim
halinde olmus, Proje Yonetim Firmasinin olmadig: ortamlarda
goriismeleri gerceklestirmistir.

Tasarim gruplarinin tasarim siirecinde bir siirli revizyon ve
calisma yapmalari, gereginden fazla yorulmalart ve c¢alistigi
siireyi  karsilayacak  revizyon Dbedellerini igverenden
alamamalar1 projeye ingaat asamasinda destek vermemelerinde
etkili olmustur. Projede siirekli karar degisikliklerinin olmasi,
gelgitlerin  yasanmast  ve igveren ihtiya¢  planmin
netlesmemesinden  Otiirii  tasarimlarda  disiplinler arasi
uyumsuzluklar ortaya ¢ikmustir.

Proje biitcesine etkisi

Is emri degisikligi talepleri projedeki en biiyiik etkisini proje
biitcesi iizerinde gdstermistir. Ornek projede ¢okga yasanan is

degisikligi taleplerinin proje biitgesi lizerinde yarattigi etkinin
nicel analizi asagidaki sekildedir:

Sozlesme bedeli 49.500.000 TL ‘dir. Yiiklenicinin projenin
ingai siiresi boyunca Proje Yonetim Firmasina ilettigi tim is
emri degisikligi taleplerinin toplam bedeli 14.000.000 TL dir.

Yiklenicinin projenin ingai siiresi boyunca proje yonetim
firmasina ilettigi is emri degisikligi taleplerinden, isin sonunda
onaylanan ve tiim taraflarca anlasmaya varilan toplam bedeli
8.000.000 TL’dir. Is degisikliklerden kaynakli proje biitcesi
artig1, sdzlesme bedelinin yaklagik %15°1 oldugu goriilmiistiir.
Ornek projenin gizlilik anlasmas1 olmasindan &tiirii gok detayli
bilgi verilemese de yapilan analiz sonucunda &rnek projede
yasanan is degisikliklerinin %65 ‘inin igveren, %25’inin proje
yonetim firmas1 ve tasarim grubu, %10’unun da yiiklenici
kaynakli tespit edilmistir (Sekil 3).

Elde edilen sonucglara gore Yiiklenicinin digerlerine oranla
daha az is degisikligine sebep oldugu goriinse de proje boyunca
ilettigi  haksiz  talepler, proje katilimcilar1 arasinda
gerginliklerin olusmasina, krizlerin yasanmasina, projenin
motivasyonun diigmesine dolayli goériinmeyen kayiplarin
olusmasina sebep olmustur.

673



DUJE (Dicle University Journal of Engineering) 12:4 (2021) Sayfa 669-678

Tablo 2. Ornek projede yasanan is degisikliklerinin proje biitcesi {izerindeki etkisi

isin Adi Proje Baslangicinda Is Emri Degisikliginden Proje Sonu Proje Maliyeti is  Emri  Degisikligi Her isin Kendi Sézlesme
Sozlesme Fiyati Dogan Ek Maaliyet Igerisindeki Orani Bedeli ligerisindeki Artis
Orani
Ingai-Mimari Isler 31.931.153,85 Tl 2.325.000,00 TI 34.256.153,85 Tl 31% 7%
Elektrik Isleri 10.448.692,31 Tl 3.000.000,00 TI 13.448.692,31 Tl 40% 29%
Mekanik Isleri 7.120.153,85 Tl 2.175.000,00 TI 9.295.153,85 Tl 29% 31%

Toplam Tutar 49.500.000,00 TI 7.500.000,00 TI

57.000.000,00 TI

Is emri degisikliklerinden kaynakli biitce artisinin %31’ini
mimari ve ingaat, %40’sini elektrik, %29 unu da mekanik isler
olusturmaktadir (Sekil 4, 5). is emri degisikliklerinden kaynakli
elektrik isleri sozlesme bedelinde %29, mekanik isleri sdzlesme
bedelinde %31 insaat-mimari igler sézlesme bedelinde %7 artis
olmugtur (Tablo 2).

is Degisikliginden Kaynakl Sézlesme Bedeli
Artisina Taraflarin Katkilari

w is Sahibi
= Proje Yonetim Firmasi ve Tasarim Grubu
m Yiklenici

Sekil 3. Ornek projede yasanan is degisikligi emirlerine
taraflarin katkilari.

is Degisikliginden Kaynakl Sézlesme
Bedeli Artisinin Disiplinlere Gére Oranlan

29% 31%

40%

Kaba ve ince isler = Elektrik isleri = Mekanik igler

Sekil 4. Is degisikligi emirlerinden kaynakl biitce artisina
taraflarin katkisi

Proje siiresine etkisi

Is emri degisikliklerinin ikinci en biiyiik etkisi proje siiresi
iizerinde olmustur. Ornek projede ¢okga yasanan is degisikligi
taleplerinin proje stiresinde yarattig1 etkinin nicel analizi su
sekildedir:

Yiiklenicinin s6zlesmede taahhiit ettigi is bitirme siiresi siiresi
360 giindiir. Fakat, yiiklenicinin 169 giin ilave siire talebi
olmustur. flave siire talebinde gerekce olarak asagidaki
maddeler sunulmustur:

is Degisikliklerinin Proje Biitgesine Disiplinler
Bazinda Etkisi
150% 129% 131%

100407% 100 100
100% ;
0%
Kaba veince Elektrikisleri Mekanik isleri

isler

W Sozlesme Bedeli

ES

B is Degisiklikleri Sonucu Olusan Proje Bedeli

Sekil 5. Is degisikligi emirlerinin proje biitcesine disiplinler
bazinda etkisi

e s Sahibinin projedeki yogun revizyon taleplerinin
mevcut isleri ve is programini etkilemesi

e s Sahibinin sézlesme kapsaminda olmayan ilave is
taleplerinin meveut isleri ve is programini etkilemesi

e Is Sahibinin yetkililerin sik sik saha denetimine
gelmesi ve saha denetimi yapilan giinlerde
calismalarin yavaslamasi

e s Sahibinin malzeme onaylar1 konusunda kararini geg
iletmesinden dolay1 bazi malzemelerin tedarik
sirelerinin uzamasi, uygulamada gecikmelere yol
acmast ve ig programini etkilemesi

e  Yiiklenicinin yagish giinlerde imalat
yapamamasindan otiiri miicbir sebep kapsaminda
talep ettigi ilave is siiresi

Yiiklenicinin ilave siire talebi proje yonetim firmasi tarafindan
incelenmis olup 70 gin siire uzatimi verilmistir.
Uyusmazliklarda, gecikmeler ve siire uzatimi talepleri énem
tasimaktadir. Ozellikle gecikmelerin siniflandirilmasi, siire
uzatimi agisindan hangi ydntemin uygulanacagini da
belirleyebilecektir. Gecikmeler, kabul edilebilir (tazmin
edilebilir ve edilemez), kabul edilemez ve es zamanli olarak ii¢
temel baglikta incelenir. Gecikmelerin analiz edilebilmesi,
kabul edilebilir ve edilemez gecikmelerin ayiklanmasi, es
zamanli gecikmelerde taraflarin sorumluluk oranlarinin
belirlenmesi kritik yolun gosterildigi sebeke tabanli ve detayli
bir is programi ile miimkiindiir. Gecikme analizi i¢in planlanan-
gerceklesen, etkilenen-planlanan, bozulan-gergeklesen, net
etki, biitiinciil etki, zaman etki analizi gibi farkli yontemler
kullanilmaktadir [13,14]. Bu calismada zaman etki analizi
yontemi kullanilmis, igveren ve yiiklenici kaynakli gecikmeler
arasindaki net fark bulunarak kusur isveren ile yiiklenici
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arasinda paylastirilmigtir. Proje yonetim firmasi siire uzatimi
konusundaki degerlendirmesini yaparken, ilave islerin ve proje
revizyonlarmin genel hatlart ile i programimin kritik hatlar
iizerinde veya paralel faaliyet olup olmama durumuna;
malzeme onaylarmm onaya gelis tarihi ve onaylanan
tarihlerine; yagislarin sdzlesme sartlari geregi miicbir sebep
kapsamima girecek siddette olup olmama durumuna ve saha
denetimi yapilan gilinlerin tarihlerine bakarak kararmi
sonuglandirmustir. s degisikliklerinin makaleye konu proje
stiresi iizerindeki etkisi Tablo 3’ta gosterilmistir.

Is giicii verimliligine etkisi

Insaat siirecinde yasanan is degisikliklerinin kendisi, etkisi ve
yonetimi sirasinda yasanan sikintilar, Yiiklenici ¢alisanlarmin
is glicti verimliligini etkilemistir. Siirecin ig gilicii verimliligi ile
olan iligkisi su sekilde 6zetlenebilir:

. Ek islerin 6demelerinin ve onay siireclerinin ¢ok
uzamasl, yaptig1 isin bedelini alamayan Yiiklenicinin ¢alisma

motivasyonunu diislirmiis, daha isteksiz calismasina sebep
olmus ve sonug olarak is giicii verimliliginde azalma olmustur.

Tablo 3. Ornek projede yasanan is degisikliklerinin proje siiresi iizerindeki etkisi.

Talep Edilen Ek Degerlendirme
Siire Uzarim Talebinin Gerekgesi P Siire Proje Yonetim Firmasi Degerlendirmesi Sonras1 Verilen Ek
Siire
is Sahibi Yetkilileri tarafindan yapilan Is Sa.hlbl Yetklhleflmn y111n“ belli giinlerinde bu tarz sahva
. . . denetimleri yapacag1 ve bu giinlerde ¢alisma yapilamayacagi .
saha denetimlerinden dolayi ¢aligilamayan 8 giin N . . .. . R S 0gin
. sozlesme oOncesinde Yiikleniciye bildirilmis olup, taahhiit
giinler e P - S
ettigi sozlesme siiresinin igerisinde oldugu kabul edilmistir.
Meteorolojik  durum  raporuna  gore Sozlesmede miicbir sebepler baglhigr altinda belirtilen
bolgede ortalama 4 yillik yags "bolgedeki ortalama son 10 yillik yagis miktarindan daha fazla
miktarindan daha fazla yagis olmasi 11 giin yagis olmast" ibaresi miicbir sebep olma kosulunu 0 giin
nedeniyle sahada g¢alisma yapilamayan sagladigindan 6tiirii "son 4 y1llik ortalama yagis" miicbir sebep
giinler olarak degerlendirilemez.
. . . Lo Ilave islerin ve proje revizyonlarimin genel hatlari ile is
Mekanik ve elektrik tesisati islerinde .. L AN .
. - programinin kritik hatlar tizerinde veya diger isler ile paralel
ingaat  siirecinde  meydana  gelen . : . - s ..
. P .. 100 giin faaliyet olup olmama durumuna gore degerlendirilmistir. 65 giin
revizyonlardan  Otiirli  yasanan  siire . . : . ..
Kayiplari Mekanik ve elektrik islerin ayni periyotta devam edebilecegi
birbiri Gizerinde engel yaratmayacagi goriilmektedir.
flave islerin ve proje revizyonlarimin genel hatlari ile is
L L . - programinin kritik hatlari tizerinde veya paralel faaliyet olup
Insai ve mimari islerde insaat siirecinde - s . .
. T .. olmama durumuna degerlendirilmistir. Mekanik ve elektrik .
meydana gelen revizyonlardan otirii 20 giin N . 0 giin
asanan siire kaviplart islerin siiresinin ¢ok uzamasmdan ve farkli mahallerde
yas yip gergeklesecek caligmalar olmasindan Otiirii paralel faaliyet
igerisinde kalmaktadir
Malzemelerin onaya sunulma tarihleri ve onaylanan tarihleri
Malzeme onaylarma ge¢ doniilmesinden tespit edilerek gecikme yapilan malzemeler igin yeni tedarik
kaynakli tedarik siiresinde yasanan 30 giin stirelerine bakilmigtir. Mekanik ve elektrik imalatlarmm da 5 giin
Stelenmeler stiresinin uzamasindan 6tiiri, verilmesi diisiiniilen ek siirenin
bir kismi paralel faaliyet igerisinde kalmistir.
TOPLAM SURE 169 giin 70 giin
. Is sahibinin bazi taleplerini geg iletmesi, yapilan  yeni yapilan isler i¢in uygulamaya yonelik 6nerileri kesilmistir.
birtakim islerin bozulmasina, kirilmasma ve yeniden  Yiklenicinin ¢alisma motivasyonunu disiirmiis, daha isteksiz

yapilmasina neden olmus, tekrar tekrar ayni isi yapan
calisanlarin ¢aligma motivasyonunu diisiirmiis ve sonug olarak
is glicti verimliliginde azalma olmustur.

. Siklikla yapilan ilave is ve degisikliklerden kaynakli
olarak is programmin planlananin ¢ok istiinde Stelenmesi,
Yiiklenicinin isin istenilen sekilde tamamlanmasina yonelik
inancini bitirmis ve sonug olarak is giicii verimliliginde azalma
olmustur.

. Normal siire¢ boyunca yiiklenici, yapilan imalatin
sahada uygulanabilirligine ve deger miihendisligi yapilmasina
yonelik birgok dneride bulunmustur. Ancak is degisikliklerinin
cok sik ve yogun iletilmeye baslamasi yiikleniciyi bunaltmis ve

calismasina sebep olmus ve sonug olarak is giicii verimliliginde
azalma olmustur.

Is degisikliklerinin en &nemli etkilerinden biri de proje
paydaslar1 arasindaki ikili iliskilerde gerginliklere ve bu
gerginliklerin zaman zaman krizlere doniismesine sebep
olmasidir. Omek projede yasanan is emri degisikligi
taleplerinin olusum sebeplerine bagli olarak, ikili iligkiler
uzerindeki etkileri vaka analizlerinde Ornekler bazinda
gosterilmis olup siirecin ikili iligkiler ile olan baglantisi su
sekilde 6zetlenebilir:
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. Is sahibi  vekillerinin ~ sorumluluk  almak
istememesinden otiirii yiiklenicinin imalata baglayabilmesi igin
6n onay almasi gereken is emri degisikligi caligmalarina doniis
alamamasi ve bekletilmesi,

. Is sahibinin baz1 taleplerini geg iletmesi, yapilan
birtakim islerin bozulmasina, kirilmasina ve yeniden
yapilmasima neden olmus, yiiklenicinin tekrar tekrar ayni isi
yapmast

. Is sahibinin yiikleniciden sézlii olarak talep ettigi is
degisikliklerini, yazili belge olmamasindan otiirii reddetmesi,

. Yiiklenicinin  ig  degisikliklerinden  kaynakli
kayiplarini baska yollardan telafi etmeye ¢alismast yiiklenici ve
is sahibi arasinda biiyiik krizlerin yagsanmasina sebep olmustur.

Soézlesme hazirlanirken, Tiirkiye’de yapilan en biiylik
hatalardan birisi, bu makale yazarlarinin gerek egitim
yasamlarinda gerekse de insaat soktiirende gdzlemledikleri
lizere, soOzlesmenin bir biitiin olarak ele alinmamasi,
sozlesmenin farkli belgelerden olusan bir biitiin oldugunun
anlagilamamasidir. Bu bakimdan sézlesme ve eklerinin bir
biitin  oldugu, aslinda sartnamelerin, proje tasarim
¢izimlerinin, kimi durumlarda s6zlesme eki olarak belirtilen
bazt standartlarin  bizzat sozlesmenin  kendisi  gibi
degerlendirilmesi gerektiginin ne kadar &nemli oldugu ve
uyusmazliklara yol acabilecegi bu ¢alismada da goriilmiistiir.
Sozlesme hazirlanirken, sdzlesme ana metni ve eklerin bir
hiyerarsi icinde sozlesmenin sonunda zikredilmesi, bu
hiyerarsiye gore uyusmazliklarin belirlenmesi tim taraflar
acisindan gereklidir. Konuyla ilgili bir 6rnek verilmesi
aciklayici olacaktir. incelenen projede bir vakada, yiiklenici,
sozlesme eki elektrik ve mekanik projelerin esas alindigi hesap
raporlarinin yanlis oldugunu, e-hesaplarin yeniden yapilarak
elektrik  projelerinin  hazirlanmast  gerektigini, bu
revizyonlardan dolay1 olusan ilave bedelin de kendilerine
O6denmesi gerektigini beyan etmistir. Talebini, s6zlesme eki
zeyilname olan ’Sozlesme Dis1 Isler’” dokiimaninda yer alan
maddeye atifta bulunarak iletmistir. S6zlesmede konuyla ilgili
madde, Borglar Kanunu genel hiikiimleriyle uyumlu olarak
asagida yazildig: gibidir:

*’ Yiiklenici kendisine teslim edilen Is Yeri nin nitelik itibariyle
insaata elverigli olup olmadigini, zemin yapisini, Uygulama
Projeleri ile uyumunu arastirmak durumundadir. Plan ve
Uygulama Projeleri Is Sahibi tarafindan verilmis olsa bile,
sorumlu bir meslek adami ve basiretli tacir olarak Is’i yapmay:
tistlenen Yiiklenici, bu kabuliiyle kendisine verilen Uygulama
Projeleri basta olmak iizere tiim Sézlesme Ekleri ve teknik
belgelerin Is Yeri nin gereklerine, teknik ve sanat kurallarina
uygun oldugunu kabul etmis ve sorumlulugu iistlenmig
sayilwr.”’

Fakat sézlesme eki zeyilname igerisinde yer alan ’Sézlesme
Dis1 Isler’” bashigr altinda da asagidaki ifade yer almaktadir:

“Teknik hesap raporlarimin hatasindan kaynakli her tiirlii
degisiklik kapsam digindadir’’

Is Sahibi, Anahtar Teslimi insaat isleri S6zlesme yapildigmi
ileri siirerek gelen talebi reddetmistir ve Proje Yonetim
Firmasindan degerlendirme istemistir. Talebin
degerlendirilmesi siirecinde Is Sahibi konuyu kriz haline
getirse de Yiiklenicinin ilave bedel talebi sozlesme ekinde
yazilan madde geregi kabul edilmis olup, sézlesme ve ekleri

arasindaki hiyerarsinin belirtilmemesinin ig sahibi agisindan
yaratti81 sorun agisindan son derece ¢arpici bir drnektir.

Hak Talebi Dokiimanlariin Kontrol Edilmesi

Proje siirecinde meydana gelen degisikliklerin sahada
uygulanmaya baslanmadan dnce degisikligin incelenmesini ve
degerlendirilmesini  gerektiren  prosediir  siireglerinin
tamamlanmasi gerekir [12]. Normalde, yiiklenici 6ncelikli
olarak is sahibi ve proje yonetim firmasi tarafindan kendisine
iletilen, sozlesme eki projeler ve dokumanlar ile uygulama
projeleri ve talepler arasinda olusan degisiklikleri tespit
etmelidir. Revizyonlar ve ilave isler ile ilgili degisiklige ait
fiyat farkin1 ve talep gerekgesini gosteren is degisikligi emri
talep formunu uygulama ve imalati yapmadan Once proje
yonetim firmasi onayma sunmalidir. Ancak, 6rnek projede
zaman zaman is sahibi ve yiiklenicinin direkt birbirleri ile
iletisime gegmesinden ve is sahibinin bu goériismelerde
yikleniciden yazili olmayan degisiklik taleplerinde
bulunmasindan 6tiirii, yiiklenici siirecin basinda is degisikligi
emri taleplerini proje yonetim firmasi onayma iletmeden
sahada birtakim imalatlar1 yapmustir. Proje yonetim firmasmin
durumu fark etmesi iizerine yiikleniciyi uyarmasi sonrasinda
yiklenici is degisikligi emri talep ¢alismalarini proje yonetim
firmasmin onayma sunmaya baslamistir. Bu durum hak talebi
olusumuna verilebilecek sadece bir drnektir ve ornek sayisi
daha da arttirilabilir. Islerin yogunlugu ve zaman baskisi
nedeniyle gozden kagmasi ¢ok muhtemel olan is degisikligi
emri onaylarmin ve dolayisi ile olusacak hak taleplerinin
sistematik yonetilebilmesi i¢in kontrol adimlar1 ve tablolar
olusturulmustur. Ornek olmasi agisindan kontrol tablolart ici
doldurularak asagida kontrol adimlarini takiben sunulmustur.

Yiiklenici tarafindan onaya sunulan is degisikligi formunun
proje yonetim firmasi tarafindan kontroliiniin prosediir siireci
su sekildedir:

1. Taleplerin istenilen formatta gelmesi,

2. Gelen taleplerin sdzlesme dokiimanlarina gore kontrol
edilmesi (Sekil 6),

3. Sozlesme kapsaminda ~ olmayan  taleplerin
degerlendirmeye  alinmasi, kapsamda  olanlarm  ise
reddedilmesi (Sekil 7),

4., Taleplerdeki birim fiyatlarin kontrolii (Sekil 8),

i Sozlesme eki birim fiyatlarla kontrolii,

ii. Yeni birim fiyatlarin analizlerinin kontrolii,
a. Enterpolasyon,
b. Proforma fatura kontrolii,

c. Piyasa teklifleri ile kontrolii,
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X PROJESI
IS EMRI DEGIiSIKLIGI FORMU

X PROJECT
CHANGE ORDER REQUEST FORM

Tarih / Date |

Form Numarasa/ Form Number|

Yeri / Locatior] Enerji Merkezi

Talep Eden / Requested By |

IsEmri Degisiligi Sebepleri

Change Order Request Reason

Ek Bilgiler

Additional Information

Biitge Degigklik Bilgis

Change Order Cogt Information

Yiiklenid

Proje Yénetim

Is Sahibi

Sekil 6. Is degisikligi emri kapak sayfasi.

iS EMRI DEGISIKLiIGI FORMU

CHANGE ORDER REQUEST FORM

Tarih / Date Form Numaras/ Form Number| HA-13
. . . ) Is Sahibi,
Yeri/ Location| Enerji Merkezi Talep Eden / Requested By Tasarmal

isEmri Degisiligi Sebepleri

Change Order Request Reason

Enerji merkezi yapisinin sézlesme eki

revize projelerde;

CC24 kolon ¢apinin degistigi,

Su basman perdelerinde minhalarin olustugu
Izgara beton kalinliklarinda artislarin oldugu
Izgara demir detaylarinin eklendigi

Ve tiim bina genelinde demir projelerinde
revizyon oldugu gorilmistar.

calismasidir.

projelerden farkli olarak insaat asamasinda gelen

Bu sebeplerden kaynaklanan is emri degisiklik

CHG-AC-TemP-00-01_KOT_(-2.05)_R1
CHG-AC-KalP-01-01_KOT_(+4.43)_R2

EK Bilgiler

Additional Information

Biitge Degigklik Bilgis

Change Order Cogt Information

Yiiklenic

Proje Ydnetim

Is Sahibi

Sekil 7: Taleplerin s6zlesme dokiimanlarina gore kontrol

edilmesi.

1-4/K'-M ARASI YONETIM BiNASI KABA YAPI iSLEIRININ YAPILMASI

Artan, yeni eklenen miktarlarin kontroli

YENI BIRIM FiYAT ANALIZI

imalatin Cinsi | Temel Alti Su Yaltimi (2 kat 3mm Membran)
Olgii Birimi m2
Birim Fiyat No | YBF-INS-01
A (R Birim
ACIKLAMA "
ACIKLAMA Birimi| Miktari Fiyati Tutar
UEJ Cift kat elastimerik esasli 3 mm polyester kege tastyicili m2 2,20 12108 | 26,621
= membran
g Geotekstil kege (250 gr/m2) m2 1,05 1,481 | 155b
@
’g Membran Uygulama Isgiligii m2 23 369b | 8481
> Kege Uygulama isciligii m2 1,05 0,121 | 0,13%
2
s ARA TOPLAM 36,79
% KAR % 15% 36,79b | 5521
'S GENEL TOPLAM 42,30 %
Z Birim Fiyat
4 Tarifi
)

Teknik sartnamelerde ve malzeme referans listesinde belirti

len

imalatin yapilmast i¢in  her tiirlii makine, alet
edevat, iscilik,yatay diisey tasimalar, gevre koruma tedbirlerine uyulmasi, sézlesme eki is giivenligi sartnamelerinde
belirtilen is giivenligi 6nlemlerinin ahinmast ile belirtilen giderlerle simirh kalmamak kaydiyla yapilacak her tiirlii
harcamaile yiiklenici kari ve genel giderleri dahil 1 m2 yapilmas: fiyati ; KIRKiKi TURK LIRASI OTUZ

KURUS dir.
Blgii
Proje iizerinden hesaplanarak édeme yapilhir.
Malzeme Markasi
YUKLENICI PROJE YONETIM FIRMASI iS SAHiBI

IMALATIN ADI : ALTYAPL/ KAZI iSLERI

Sekil 9: Yeni birim fiyatlarin analizlerinin kontrolii

ACIKLAMA | BiRiM |BENZER ADET EN BOY YUKSEKLIK ALAN mian
REVIZE PROJE
ATIKSU BACA KAZISI
RIA m3 175 | 3,14 5,50
RIA m3 215 314 6,75
CHGIA m3 235 314 738
CHG2A m3 285 | 314 8,95
RIA m3 215 314 6,75
SOZLESME EKI
ATIKSU BACA KAZISI

Z CHGIA m3 315 3,14

a8 CHG2ZA m3 355 314

f CHG3A m3 380 | 3,14

s CHGAA m3 405 314

§ CHGSA m3 430|314

=

% Sekil 10: Azalan ve artan is miktarlarinin kontrolii.
6. Tutarlarin hesaplanmasi, kontrolii (Sekil 11),

i Fark tutarlarin kontrolii

L-M /45 AKSLARI ARASI MAHAL REViZYONU

Performed Work Poz No. un. Price uUn.

AMOUNT, COsST,
Yapilan i§ Poz Nu. Br. Fiyat Br. Performed Work Poz No. un. Price un. 3;1::? | nu'easd?j:f:e
1-4/K'-M ARASI YONETIM BINASI KABA YAPI ISLEIRININ YAPILMASI Yapilanis PozNu. Br. Fiyat Br. Fark ArtigAzalig

L-M/4-5 AKSLARI ARASI MAHAL REVIiZYONU
Drengj isleri, 150mm*2ad 80,00 TL m
Makine Ile Her De_rlnl!kte Yumusak ve Sert Topragin 18,00 TL - Makmﬂe ile Her Derinlikte Y_uml{sak ve Sert 2004 1800TL | 1 257,026 462647 TL
2 Kazilmasi, Nakliyesi Topragin 2 Kazilmasi, Nakliyesi
Dolgu ve Sikistirma Isleri 40,00 TL m? Dolgu ve Sikistirma fsleri 4000TL | m 861,006 34.440,24 TL
C16 Beton (Grobeton), Dolgu Isleri r 3004 20,85 TL m? C16 Beton (Grobeton) Temel Altt r 3004 20,85 TL m? 99,715 2.079,06 TL
C16 Beton (Grobeton), Temel Alti Calisma r 3004 20,85 TL m? C35 Yapisal Beton r 3006 | 23500TL | m* 132,207 31.068,65 TL
C35 Yapisal Beton r 3006 235,00 TL m? Her Tiirlii Beton ve Betonarme Kalibi r 3002 50,00 TL m 863,647 43.182,35 TL
Her Tiirli Beton ve Betonarme Kalibi r 3002 50,00 TL m? Nerviirlii Donat: Celigi r 3008 | 3.500,00TL | ton 24,131 84.458,50 TL
Nerviirlii Donati Celigi r 3008 3.500,00 TL ton Temel Alti yalitim isleri 16,00 TL m 257,183 4.114,93TL
Teme Alti yalitim isleri (Membran) INS. YBF.01 4230 TL m? Yapsal Celik isleri 7.25000TL | ton 1,267 9.185,75 TL
Perde yalitim isleri (Siirme+Xps+levha) iNS. YBF.02 81,30 TL m? Kompozit Doseme HE_YBF_32 | 11789TL | m? -303,620 -35.794,44 TL
Su Tutucu Sisen Bant iNS. YBF.03 43,78 TL | mtiil . - P .
Baski Profili iNS. YBF.04 825TL | mtil Yiizey Sertlestirici Sap - 10 cm (Ust Doseme) 38,40 TL m 596,520 22.906,37 TL
Koruma Betonu (5 CM) 208,50 TL m? Cat1 4 cm Tagyiinii Panel Kaplama 12000TL | m? 319,48 38.337,60 TL
Topraklama isleri TOPLAM / TOTAL 238.60546 TL
Sekil 8: Taleplerdeki birim fiyatlarin kontrolii. Sekil 11: Fark tutarin hesaplanmasi.
5. Is kalemi miktarlarinin kontrolii (Sekil 10), Sonuc ve Oneriler

i Azalan, eksilen miktarlarin kontrolii,

Son yillarda diinyada yatinmcilarin kendilerini glivende
hissedecek ortamda ingaat yatirimi yapmak istemeleri ve
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projelerin sozlesmelerce belirlenen siire, kalite ve maliyette
gerceklestirilmesi talepleri cok paydasli ve kompleks yapidaki
ingaat projelerinin ¢ok daha iyi ydnetilmesi gerekliligini
dogurmustur. Bu sebeple proje yonetim firmalari artik insaat
projelerinde siklikla karsimiza ¢ikan bir paydas konumuna
gelmistir.  Ancak, proje yonetim firmalarinin ydnetim
performanslarint birinci dereceden etkileyen 6nemli iki unsur
bulunmaktadir: is degisikligi emirleri ve hak talepleri.
Projelerde ortaya c¢ikan is degisikligi emirlerinin projenin
kalitesi, stiresi, verimlilik, taraflar arasi iliskiler gibi konularda
biiyiik etkilerinin oldugu gozlemlenmistir. Buna ek olarak hak
taleplerinin kontrolii ve yonetimi konusunda da bir sistemden
bahsetmek zordur. Proje siirecinde olusan konulara yonelik
kararlarin hizli ve efektif alinmasi, projenin basarisinda kilit rol
oynar [15,16]. Bu ¢alismada insaat projeleri boyunca olusan is
degisikligi emirleri ve bunlarin bir sonucu olarak dogan hak
taleplerinin hizli ve dogru yonetilebilmesi i¢in oncelikle is
degisikligi emirlerinin yOnetim siirecindeki aksamalar
sunulmus ve sistematik bir is degisikligi ve hak talebi kontrolii
saglanmasi amaciyla kontrol adimlar1 ve formlar
olusturulmugtur. Kontrol adimlarinin  ve tablolarinin
olusturulabilmesi i¢in ise Ornek bir proje iizerinden vaka
analizleri yapilarak proje yonetim organizasyonu, yasanan is
degisiklikleri ve hak talebi sebepleri, etkileri ve aksayan yonleri
detayli olarak irdelemistir.

Bu c¢alismadaki en Onemli sonuglardan Dbirisi de
uyusmazliklarin biiyiik olglide mal sahibi ile yiiklenici
arasinda imzalanan sézlesmeden kaynaklanmasidir. Bu husus,
sozlesme hazirlanma siirecinin ne kadar énemli oldugunun,
ingaat proje yonetiminde temel bagliklardan birisi olan
sOzlesme idaresinin tasarim Oncesi ve tasarim evresindeki is
bagliklarinin ne kadar Onemle ele alinmasi gerektigini
gostermektedir.

Insaat projelerinde yiiklenici iizerindeki siire, maliyet ve Kalite
baskisinin yaninda sektoriin rekabetgiligi de gbz Oniine
alindiginda bu ¢ok paydasghi ve dis etmenlere oldukca agik
sektorde, is degisikligi taleplerinin ¢ok olmasi ve dolayist ile
bolca hak talebi dogmasi normaldir. Bu is degisikligi
emirlerinin ve hak taleplerinin hizli, dogru ve sistematik
yonetilebilmesi i¢in izlenmesi gereken adimlarin bilinmesi, bu
adimlarin her bir is degisikliginde ve hak talebinde atlanmadan
takip edilmesi biiyiik 6nem arz etmektedir. Bu sebeple calisma
kapsaminda sunmus oldugumuz is degisikligi ve hak talebi
kontrol adimlarinin ve tablolarinin kullanilmasi giiniimiizde
hemen her projede karsilagilan sorunlarin bas gdstermesini
engelleyecek ya da dogru yonetilebilmesi adma sektordeki
profesyonellere yardimer olacaktir.

Etik kurul onay1 ve ¢ikar catismasi beyani
Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catismast bulunmamaktadir.
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Oz

Yerel zemin kosullarinin, yapilarin sismik davranislarini etkiledigi bilinen bir gergektir. Son olarak 2018
yilinda giincellenmis olan depreme dayanikli yapi tasarim ilkeleri ile yerel zemin siniflar1 da degismistir.
Bu degisimlerin basinda, zeminin zayif oldugu durumlara ve yiiksek katli yapilara 6zel yeni hesap
yaklasimlar1 getirmesidir. Dahas1 bu 6zel hesaplarin uzman kisilerce kontrolii zorunlu tutulmustur.
Giincel deprem yonetmeliginde yer alan yerel zemin kosullar1 dikkate alinarak ornek olarak segilen
betonarme bir yapida yer alan bir diizlem gergeve i¢in deprem etkileri altinda kesit tesirleri elde
edilmistir. Bitlis iline ait herhangi bir cografi noktada, bes farkli yerel zemin smifi i¢in (ZA, ZB, ZC, ZD
ve ZE) oncellikle deprem parametrelerinin degisimi incelenmistir. Her bir zemin simifi i¢in kisa harita
spektral ivme katsayilari, en biiyiik yer ivmesi, en biiylik yer hizi, spektral ivme katsayilar1 yatay ve
diisey elastik tasarim ivme spektrum kose periyotlar elde edilmistir. Her bir yerel zemin snifi i¢in elde
edilen degerler kullanilarak iki katli bir betonarme yap1 i¢in hesaplamalar yapilarak deprem kesit tesirleri
hesaplanmustir. Bu ¢aligma ile yeni yonetmelikteki zemin smiflarmnin degisimi dikkate alinarak deprem
parametreleri ve kesit tesirleri tizerindeki etkileri hesaplanmustir.
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*Sorumlu Yazar

It is a known fact that local ground conditions affect the seismic behavior of structures. Finally, with the
earthquake resistant building design principles updated in 2018, local soil classes have also changed. At
the beginning of these changes is that it brings new calculation approaches specific to situations where
the ground is weak and high-rise buildings. Moreover, these special accounts are required to be
controlled by experts. Considering the local soil conditions in the current earthquake code, the section
effects under earthquake effects were obtained for a plane frame in a reinforced concrete structure
selected as an example. At any geographical point in the province of Bitlis, the variation of earthquake
parameters was examined for five different local soil classes (ZA, ZB, ZC, ZD and ZE). Short map
spectral acceleration coefficients, maximum ground acceleration, maximum ground velocity, spectral
acceleration coefficients, horizontal and vertical elastic design acceleration spectrum corner periods were
obtained for each soil class. Using the values obtained for each local soil class, calculations were made
for a two-storey reinforced concrete structure and the earthquake cross-section effects were calculated.
With this study, the effects on earthquake parameters and cross-section effects were calculated by taking
into account the change in soil classes in the new regulation.
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Giris

Ulkemiz, bulundugu cografi konum sebebiyle etkin bir
deprem bolgesi iizerinde yer almaktadir ve yil igerisinde de
farkli biiyiikliiklerde yiizlerce deprem meydana gelmektedir.
Gerekli dayanim sartlar1 saglanmadig: takdirde bu depremler
yapilara az, orta ya da biiyiilk hasarlar verebilmektedir.
Ulkemizin deprem bélgesi olusu da iizerinde yap1 diisiiniilen
biitlin nokta ve zeminlerin 6zelliklerini ve siniflarini 6nemli
kilmaktadir. Bu kapsamda hazirlanan deprem haritalar1 ve
noktasal deprem spektrumlar1 yapilarin insa edilecegi
zeminlerin ne tlir Ozellikte ve yapida oldugu hakkinda
bilgiler vermektedir.

Bu kapsamda, 2018 yilinda Tirkiye Bina Deprem
Yonetmeligi (TBDY) yapilarin daha giivenli ve dayanimli
olmalarini saglamak agisindan gelistirilerek giincellenmistir.
2007°de yayimlanan Deprem Bodlgelerinde Yapilacak
Binalar Hakkinda Yonetmelikte (DBYBHY) tabaka kalinligt
ve kayma dalga hizina gore dort adetle sinirlandirilan zemin
siniflandirilmast, yeni yonetmelikte en iyi zeminden en koti
zemine gore siralanarak altiya ¢ikarilmistir (ZA, ZB, ZC,
ZD, ZE ve ZF). Bu smiflandirmada ZA smifi en iyi zemini
temsil etmektedir [1, 2]. ZF smifi zemin bu siralamadaki en
koti zemin smifimi ifade etmekle birlikte, bu zemin sinifi
icin bir takim Ozel analizlerin yapilmasi ve yer hareket
spektrumlarinm kullanilmas1 zorunlulugu getirilmistir. Ozel
sartlara bagli olan bu zemin smifina ait hesaplama ve
degerlendirmeler bu ¢alismada yer almamis diger bes zemin
tiiriine ait degerlendirmeler gergeklestirilmistir.

Yapilarda depremlere bagli olarak olusan farkli
biiyiikliikteki hasarlar, yapilarin deprem performanslarini
incelemeyi ve degerlendirmeyi gerekli kilmistir. Yapilarda
depremlerden sonra meydana gelen bu hasarlar, sadece
yapmin degil zeminin de hasarlarda etkin bir rol oynadigi
literatiirdeki ¢alismalardan anlagilmaktadir [3, 4]. Ayrica,
zeminlerin bulundugu konum, bulundugu konumdaki yerel
zemin siniflari, tabii zemin egimi gibi karakteristik 6zellikler
de yapilarda meydana gelebilecek hasarlari artirabilmektedir
[5-7]. Deprem yiikleri incelendiginde yapilara hasar ve
olumsuz etkiler verebilecek bir¢cok degisken bulunmaktadir.
Bu degiskenlerden en dnemlilerinden birisi yapinin {izerinde
bulundugu yerel zemin kosullaridir [8-10]. Buna ek olarak,
yapmin bulundugu bolgenin depremselligi, diizensizlik,
yapilarin bitisik veya ayrik nizamda olusu, agir ¢ikmalar ve
yapisal Ozellikler deprem yiiklerinin yapiya olan etkisini
artiran parametrelerdir. Bu degiskenler yapmin dayanimimi
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diisiirerek deprem sonrasi meydana gelebilecek hasarlar1 da
artiracaktir [11-15].

Yeni yonetmelikle birlikte daha detayli incelemeye tabi
tutulan yerel zemin sartlar1 ve deprem yer hareketi diizeyleri
farkl1 yapilar iizerinde deprem yiikleri, taban kesme kuvveti,
egilme momentleri, goreli kat 6telemeleri gibi parametreleri
de etkilemektedir. Ozellikle esdeger deprem yiikleri ele
alindiginda DBYBHY?2007" e gore azalma goriilmektedir
[16,17].

Bu caligmada, her bir zemin sinifi i¢in ayr1 ayr1 olmak tizere,
kisa harita spektral ivme katsayilari, en biiyilik yer ivmesi, en
biiyiik yer hizi, spektral ivme katsayilari, yatay ve diisey
elastik tasarim ivme spektrum kose periyotlart elde
edilmistir. Bunlara ek olarak, her bir yerel zemin sinifi i¢in
elde edilen degerler kullanilarak bes katli bir betonarme yap1
icin  hesaplamalar yapilarak deprem kesit tesirleri
hesaplanmigtir. Bu ¢alisma ile zemin siniflarinin hem
deprem yonetmeliklerindeki degisimi hem de giincel
yonetmelik dikkate alinarak deprem parametreleri ve kesit
tesirleri tizerindeki etkileri ayr1 ayr1 hesaplanmustir.

Materyal ve Metod

Ulkemizde son ¢ikan yapi deprem yonetmeligi ile 6zel
tasarim spektrumlart geometrik konumlara bagli olarak
degiskenlik goéstermeye baslamistir. Yapilara etki eden
deprem yiikleri hesaplamalarinda bazi parametreler
gerekmektedir. Bu parametreler Tiirkiye Deprem Tehlike
Haritalar1 Interaktif Web Uygulamas1 kullamlarak elde
edilmektedir. Bu uygulama, 2019 yilinda yiirlirlige giren
TBDY ile birlikte kullanilmaktadir [18].

Calismada her bir zemin simifi i¢in (ZA, ZB, ZC, ZD ve ZE)
hesaplamalar yapilmistir. Bu bes farkli zemin smifi dort
farkli deprem yer hareket diizeyi (DD-1, DD-2, DD-3 ve
DD-4) dikkate alinarak degerlendirmeler yapilmistir. Bu
sayede olast bir deprem durumunda yapinin gosterecegi
egilimler ve tastyict sistemde meydana gelebilecek hasarlar
belirlenmis ve yapilarda zemin siniflarindan dolayr meydana
gelen farkli kesit tesirleri belirlenerek degerlendirmeler
yapilmistir. Yapilan bu degerlendirme ile yapmnm ilk durum
ve konumundan, kararsiz duruma gecene kadarki siirede
yapidaki taban kesme kuvvetleri sonucu dogan deplasman
degerleri elde edilir [19- 21]. Calisma kapsaminda rasgele
olarak, Bitlis Merkezli 38,328162; 42,130669 konum noktast
secilerek, Sekil 1’de  gosterilen Interaktif =~ Web
Uygulamasindan alinan; kisa periyot harita spektral ivme
katsayisi, en biiylik yer ivmesi, en biiylik yer hizi, yerel
zemin etki katsayilari, tasarim spektral ivme katsayilari ile
yatay ve diisey elastik spektrum egrisi degerleri okunarak
hesaplamalar yapilmistir.
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Sekil 1. Tiirkiye sismik tehlike haritasi [18]

Tirkiye Bina Deprem Yonetmeligi’nde (TBDY-2018),
deprem yer hareket diizeyi onceki yonetmeliklerden farkli
olarak dort farkli sekilde ifade edilmistir. Calisma
kapsaminda da kullanilan deprem yer hareket diizeyleri

Depram | Tekrarlms Asilma Tanim
Dhazawi Parivodu Qlasihg (30
yilda)
OD-T 2473 0.0 En bitvik depram war
harskati
OD-I I7E 0.1 Standart tasanm deprem
var harakati
DD-2 T2 0.3 51k depram ver harsketi
OD-4 13 .68 Servis depram harsksti

Cizelge 1. Deprem yer hareketi diizeyleri [2]

Yeni deprem yonetmeligi ile zemin siniflarinin gosterimi de
degismistir. Son deprem ydnetmeliginde yer alan zemin
siniflan ve dzellikleri Cizelge 2°de verilmistir.
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Cizelge 1’de verilmistir. Dort farkli deprem yer hareket

diizeyi i¢in deprem parametre
hesaplanmustir.

degerleri

ayr1

ayri
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Yerel Ust 30 metrede ortalama
Zemin Zemin Cinsi (Fs )0 (Neo)so (A
Sinufi [m/s] [darbe /30 cm] [kPa]
ZA Saglam, sert kayalar = 1500 - -
7B Az aynigmus, orta saglam kayalar 760 — 1500 - -
7C Cok sik1 kum, cakil ve scrt‘kll tabakalan veya 360 — 760 - 50 -~ 150
aynsnus, ¢ok ¢atlakh zayif kayalar
7D Orta sik1 — sik1 kum, cakil veya cok kat kil 180 — 360 15 — 50 70— 250
tabakalar
Gevsek kum, ¢akil veya yumusak — kat kil
tabakalar veya
ZE Pl =20ve w=> % 40 kosullarim saglayan < 180 <15 =70
toplamda 3 metreden daha kalin yumusak kil
tabakas1 (¢, <25 kl—‘a] igeren profiller
Sahaya ozel arastirma ve degerlendirme gerektiren zeminler:
1) Deprem etkisi altinda ¢okme ve potansiyel gogme riskine sahip zeminler (sivilagabilir zeminler,
7F yilksek derecede hassas killer, gigebilir zayif ¢cimentolu zeminler vb.),
2) Toplam kalinhg: 3 metreden fazla turba ve/veya organik igerigi yiiksek killer,
3) Toplam kalinhg: 8 metreden fazla olan yiksek plastisiteli (Pf=50) killer,
4) Cok kalin (= 35 m) yumusak veya orta kati killer.

Cizelge 2. Yerel zemin siniflari [2]

Tiirkiye Deprem Tehlike Haritalar1 Interaktif Web
Uygulamasi kullanilarak secilen geometrik konum igin farkl
deprem yer hareket diizeyleri icin en biiyiikk yer ivmesi
(PGA), en biyik yer hizz (PGV) degerlerinin
karsilastirilmasi Cizelge 3’te gdsterilmistir.

En biiyiik yer ivmesi (g) En biiyiik yer hiz1 (cm/s)-PGV

50 yilda asilma olasihg: 50 yilda asilma olasihg:

2% | 10% | 50% | 68% 2% 10% | 50% 68%

0.489 | 0.259 | 0.105 | 0.075 | 27.742 | 14.714 | 6.308 | 4.685

Cizelge 3. Farkli asilma olasiliklart igin elde edilen PGA ve
PGV degerleri

Tiirkiye Deprem Tehlike Haritalar1 Interaktif Web
Uygulamasi kullanilarak farkli deprem yer hareket diizeyleri
icin kisa periyot harita spektral ivme katsayisi (SS), 1.0
saniye periyot i¢in harita spektral ivme katsayist (S1),
degerlerinin karsilagtirilmasi Cizelge 4’te gosterilmisgtir.

1.0 saniye periyot icin harita

Kisa periyot ivme katsayisi spektral ivme katsayist

50 yilda asilma olasihid1 50 yilda asilma olasihid1

2% 10% | 50% | 68% 2% 10% | 50% | 68%

1.190 | 0.610 | 0.239 | 0.172 | 0.305 | 0.168 | 0.074 | 0.054

Cizelge 4. Farkli agilma olasiliklari igin elde edilen SS veS1
degerleri

Yerel zemin etki katsayilart (FS ve F1), tasarim spektral
ivme katsayilar1 (Kisa periyot tasarim spektral ivme
katsayis1 (SDS) ile 1.0 saniye periyot igin tasarim spektral
ivme katsayis1 (SD1)) ve yatay ile diisey elastik spektrum
degerleri ayr1 ayr1 hesaplanmigtir. Farkli yer hareket
diizeyleri ve zemin siniflar1 i¢in elde edilen degerlerin
karsilastirilmasi Cizelge 5’te verilmistir.
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Zemin Parametre DD-1 DD-2 DD-3 DD-4
Sinifi

ZA Fs 0.800 0.800 0.800 0.800

F1 0.800 0.800 0.800 0.800

Sos 0.952 0.488 0.191 0.138

So1 0.244 0.134 0.059 0.043

Ta 0.051 0.055 0.062 0.063

Ts 0.256 0.275 0.310 0.314

Tap 0.017 0.018 0.021 0.021

Teo 0.085 0.092 0.103 0.105

ZB Fs 0.900 0.900 0.900 0.900

F1 0.800 0.800 0.800 0.800

Sobs 1.071 0.549 0.215 0.155

So1 0.244 0.134 0.059 0.043

Ta 0.046 0.049 0.055 0.056

Ts 0.228 0.245 0.275 0.279

Tap 0.015 0.016 0.018 0.019

Tep 0.076 0.082 0.092 0.093

zC Fs 1.200 1.256 1.300 1.300

F1 1.500 1.500 1.500 1.500

Sps 1.428 0.766 0.311 0.224

So1 0.458 0.252 0.111 0.081

Ta 0.064 0.066 0.071 0.072

Ts 0.320 0.329 0.357 0.362

Tap 0.021 0.022 0.024 0.024

Teo 0.107 0.110 0.119 0.121

ZD Fs 1.024 1.312 1.600 1.600

F1 1.195 2.264 2.400 2.400

Spbs 1.219 0.800 0.382 0.275

Sob1 0.608 0.380 0.178 0.130

Ta 0.100 0.095 0.093 0.094

Ts 0.499 0.475 0.464 0.471

Tap 0.033 0.032 0.031 0.031

Teo 0.166 0.158 0.155 0.157

ZE Fs 0.948 1.524 2.400 2.400

F1 2.780 3.588 4.200 4.200

Sbs 1.128 0.930 0.574 0.413

So1 0.848 0.603 0.311 0.227

Ta 0.150 0.130 0.108 0.110

Ts 0.752 0.648 0.542 0.549

Tap 0.050 0.043 0.036 0.037

Tep 0.251 0.216 0.181 0.183

Cizelge 5. Deprem parametre degerlerinin farkli yer
hareketleri ve zemin siniflari igin karsilastirilmasi

Calismada dikkate alman cografik konum igin uygulama
iizerinden elde edilen farkli asilma olasiliklar1 i¢in en biiyiik
yer ivme haritalar1 Sekil 2’de gosterilmistir.
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PGA43(g)

0025 005 0075

Sekil 2. Farkli yer asilma olasiliklari i¢in en biiyiik ivme degerlerini gosteren haritalar

Yapilan calismada, secilen noktaya ait zemin siniflarinda
kullanilacak olan spektrum degerleri Tiirkiye Deprem
Haritalar1 internet ara yiizii kullanilarak her bir deprem
diizeyi i¢in elde edilmistir. Farkli zemin gruplar: i¢in elde
edilen yatay ve diisey tasarim  spektrumlarinimn
karsilagtirilmas: Sekil 3, 4, 5, ve 6’da gosterilmistir.
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Arastirma Bulgular 1 S104 | 263 | 29 | 07 | 182 | 646 | 05 | 824 | iL15
2 0 8
. $105 4,98 31 0,7 3,52 12,4 0,5 15,89 21,49
Calismada, 2 katli 2 agiklikli betonarme diizlem ¢ergeve 2 1 6 8
modeli  kullanilmigtir.  Betonarme yapi TBDY-2018 S106- 1 263 | 29 | 07 | 184 1 650 ) 05 | 829 | 1122
sartlarina uygun olarak tasarlanmistir. Beton smifi C30/37, Toplam 717 | 254 3241 | 4385
celik B420C, kat yiikseklikleri tiim katlarda 3.00 m ve
aciklik uzunluklar1 4.00 m olarak secilmistir. Tiim katlarda Cizelge 7. Muto Metoduyla Cubuk ZA Ug¢ Kuvvetleri
T « . * ) 1
kiris bO}.flljltlaI.'I 25*50 c¢m, kolon boyutla.rlilse 30*60 cm .d1'r. T Roe T & K a bear | Vv | MGst | Ml
Katlar rijit diyafram olarak tasarlanip kiris ve kolonlar icin No  mAd | (x10 ) ) )
o . . . . ceeqs 2 5204 2,63 29 05 1,56 4,14 0,4 6,83 5,59
yonetmelikte  belirtilen  etkin  rijitlik  katsayilart 2 9 5
tamimlanmustir. Oli yiik degeri dis kirislerde 8 kN/m, i¢ S205 | 488 | 311 06 303 1 805 ) 04 | 1329 ) 1087
kirislerde 6 kN/m ve tim kiriglere gelen hareketli yiik 5 s206 263 | 29 06 157 | 418 04 690 | 564
o - 9 0 5
kN/m. olarak kabul edilmistir. Hareketli yiik katlllm katsayisi Topla 516 | 163 50l [ =10
ise bina oldugundan kaynakli 0,3 alimmistir. Cizelge 6°da m 7
< .o .y 1 S104 | 263 29 06 182 | 68 05 869 | 1L75
ZA deprem sinifina bagli olarak diger katsayilarin degisim 2 9 8
A : Toti §105 4,98 31 0,7 3,52 13,1 0,5 16,75 22,67
oranlar1 gosterilmisgtir. et ; A
S106 | 263 | 29 07 | 18 | 68 05 874 1183
ZA | ZB(%) | ZC(%) | ZD(%) | ZE (%) 9 0 8
Topla 7,18 26,8 34,18 46,25
Fs 0 125 57.0 64.0 90.5 m 1
P 0 0 875 183.0 348.5 Cizelge 8. Muto Metoduyla Cubuk ZB Ug¢ Kuvvetleri
Ses | 0 125 57.0 64.0 90.6 i _
Kat Kolon ke k' a D (x10 \% Yx M(iis M(al
Sot | O 0 88.1 183.6 350.0 No Adi (x10°) ] i} 1)
2 S204 263 | 29 | 05 | 156 | 677 | 04 | 1116 | 9.3
2 9 5
. . S205 4,98 31 0,6 3,03 13,1 0,4 21,73 17,78
Cizelge 6. ZA smifina baglh olarak ZB, ZC, ZD ve ZE smifi 1] 1 7 5
o 206 263 | 29 | 06 | 157 | 683 | 04 | 1127 | 9.2
deger orani 9 | o 5
Topla 6,16 26,7 44,16 36,13
Degerler hesaplanirken TBDY-2018’de belirtilen tasarim m 7
< i : 1 S104 263 | 20 | 06 | 182 | 111 | 05 | 1420 | 1922
ve dogrusal hesap yontemleri kullanilalarak hesaplanmis ve 2 | 9 4 | 8
yonetmelikteki sartlarin saglanma kontrolii yapilmistir. $105 498 | 3107|352 ) 2] 05 ) 2739 | 37,06
Katlara etkiyen esdeger deprem yiikii yonetmelikte bulunan $106 263 29 [07 1 18 | 112 | 05 | 1429 [ 1034
asagidaki formiil ile hesaplanmigtir. Topia 718 | 438 5580 | 7561
m 3
N Cizelge 9. Muto Metoduyla Cubuk ZC Ug Kuvvetleri
V(X) = AFW®) + F&
te = Bfng iE
i=1 Kat Kolon Ke K' a D (x10° \Y Yx M(iis M(al
(1) No Adi (x10% 4 t) 1)
2 5204 263 | 28 | 05 | 156 | 83 | 04 | 1378 | 1127
Burada: 2 | 9 5
S205 498 | 31 | 06 | 308 | 162 | 04 | 2682 | 21,04
1|1 5 | 5
AFI\%) = N’inci kata etkiyen ek esdeger deprem yiikiidiir ve $206 2603 120 | 06 | 187 | 843 [ 04 | 1362 | 1139
bu deger yine yonetmelikte verilen: Topla 616 | 330 5451 | 44,60
m 4
X X 1 S104 2,63 2,9 0,6 1,82 13,7 0,5 17,53 23,72
AR = 0.0075NV,%) > | 9 s | @
2 S105 498 | 31 | 07 | 352 | 265 | 05 | 3381 | 4574
) L g 2 | 8
S106 263 | 29 | 07 | 184 | 138 | 05 | 1764 | 2387
. . . . - . . 9 O 4 8
formiilii ile belirlenmistir. Toplam esdeger yiikiin disinda Topla 718 | 54,1 6898 | 93,33
kalan kisim ise bina katlarina agagidaki formiil kullanilarak o 9
dagitilmigtir. Cizelge 10. Muto Metoduyla Cubuk ZD Ug Kuvvetleri
FO _ (V(X) _ AF(X)) 4t Kat Kolon ke K | a [D&I0 | V | Yx | M@ | M@
iE t NE ZN m:H; No Adi (x10%) a 1) 1)
J=17570 2 5204 263 | 29 | 05 | 156 | 108 | 04 | 1797 | 14,70
(3) 2 9 9 5
205 498 | 31 | 06 | 308 | 212 | 04 | 3498 | 28,62
1 1 0 5
Kolon ve kiriglere etkiyen kuvvetler MUTO yontemiyle S208 S o B A e Bl Bl
hesaplanarak cizelgeler olusturulmustur. Cizelge 7, 8, 9, 10 Topla 616 | 430 7109 | 58,17
. o . m 9
ve 11 zemin siniflarina gore hesaplanarak elde edilen gubuk 1 5102 768 29 06 | 1oz | 178 | 05 | 2285 | 3093
ug kuvvetlerini gostermektedir. 2 | 9 3 8
S105 498 | 31 | 07 | 352 | 345 | 05 | 4409 | 5065
. . : 1] 1 8 | 8
Kat No Kalo ‘I&, K a | DE0 | Vo Yx Mt(“s 'V't(a' S106 263 | 29 | 07 | 184 | 180 | 05 | 2301 | 3L13
| oao ) ) ) 5 | % 2%
2 S204 | 263 | 29 | 05 | 156 | 392 | 04 | 647 | 530 Topla [ S 89,96 | 1217
2 | 9 5
205 | 498 | 31 | 06 | 308 | 764 | 04 | 1260 | 1031 . .
1 1 5 Cizelge 11. Muto Metoduyla Cubuk ZE U¢ Kuvvetleri
S206 | 263 | 29 | 06 | 157 | 39 | 04 | 654 | 535
9 | o 5
Toplam 6,16 15,5 25,61 20,96
2
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Cizelge 12°de her bir zemin sinifindan elde edilen kolon ug
momentleri bir arada gosterilerek degerler Sekil 7°de
grafige aktarilmistir.

ZA ZB ZC ZD ZE
Kat | Kolo MCTMCT MCTMCT MCT MCT MCT MC T MO T m(
No n Adi iist) alt) iist) alt) iist) alt) iist) alt) iist) alt)
S204 6,4 53 6,8 55 11, 91 13, 11, 17, 14,
2 7 0 3 9 16 3 78 27 97 70
S205 12, 10, 13, 10, 21, 17, 26, 21, 34, 28,
60 31 29 87 73 78 82 94 98 62
S206 6,5 53 6,9 5,6 11, 9,2 13, 11, 18, 14,
4 5 0 4 27 2 92 39 15 85
1 S104 8,2 11, 8,6 11, 14, 19, 17, 23, 22, 30,
4 14 9 75 20 22 53 72 86 93
S105 15, 21, 16, 22, 27, 37, 33, 45, 44, 59,
89 49 75 67 39 06 81 74 09 65
S106 8,2 11, 8,7 11, 14, 19, 17, 23, 23, 31,
9 22 4 83 29 34 64 87 01 13

Cizelge 12. Zemin Smiflarina Gére Kolon Ug Momentleri

Cizelge 13 zemin smiflarina gore hesaplanan kiris ug
momentlerini gostermektedir.

ZA ZB ZC ZD ZE
K Ki Ke Mo Mo Deg Mo Deg Mo Deg Mo Deg
at ris na men men isim men isim men isim men isim
r t t t t t
2 K sol 6,47 6,83 55 11 72,4 13,7 112, 17,9 177,
10 % 6 % 8 8% 7 6%
3 sag 6,22 6,56 55 10,7 72,4 13,2 112, 17,2 177,
% 3 % 5 8% 7 6%
K sol 6,38 6,73 55 11,0 72,4 13,5 112, 17,7 177,
10 % 0 % 7 8% 0 6%
4 sag | 6,54 6,90 55 11,2 72,4 13,9 112, 18,1 177,
% 7 % 2 8% 5 6%
1 K sol 135 14,2 55 23,3 72,4 28,8 112, 375 177,
10 3 7 % 4 % 0 8% 6 6%
3 sag | 12,9 13,6 55 223 724 | 215 112, 35,9 177,
4 4 % 1 % 4 8% 1 6%
K sol 13,2 13,9 55 22,8 72,4 28,2 112, 36,8 177,
10 6 8 % 6 % 2 8% 0 6%
4 sag | 13,6 14,3 55 235 724 | 29,0 112, 37,8 177,
4 8 % 2 % 3 8% 6 6%

Cizelge 13. Zemin Simiflarina Gore Kiris U¢ Momentleri

KOLON UG MOMENTLERI

kil IL I ‘h \L

0
2A (iist) ZA (alt) ZB (iist) ZB (alt) ZC (iist) ZC (alt) ZD (iist) ZD (alt) ZE (iist) ZE (alt)

w5204

5205

MOMENT (kNm)

m5206

Sekil 7. Zemin Smiflarma Goére Ikinci Kat Kolon Ug
Momentleri

Sonuclar

TBDY-2018 iizerine yapi gelecek olan zeminleri, eski
yonetmelige gore ¢ok daha genis bir diizlemde ele alarak
zeminlerde detayli bir smiflandirmaya gitmistir. Bu
kapsamda farkli zemin smiflarimi ile yer hareketi
diizeylerinin betonarme ¢erceve bir yapi iizerinde etkisi
calisitlmigtir.  Yapilan analizler sonucunda yerel zemin
katsayilarina bagl olarak 8 farkli spektrum grafigi ve zemin
siniflarina bagli olarak kolon ve kiris u¢ moment etkisi
degerlendirilmistir.

Yerel zemin etki katsayilarina bagli olarak degisen Sps
degerleri genel olarak ZA ile ZC arasi artig gosterirken ZD
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ve ZE zemin simiflarinda bir azalma gdstermistir. Iyi olarak
kabul edilen zemin smifinda en kotii zemin sinifina dogru
Sps degerlerinde artis meydana gelmistir.

Ivme spektrumlar1 kullanilacagi konuma gore degisiklik
gostermesinin yani sira iyi zemin (ZA) standart spektrum
degerlerine yakin ¢ikarken kotli zemin (ZE) ise daha biiyiik
ivme degerleri gostermistir.

Kolon ve kirislere gelen yiikler ZA zemin smifi temel
alindiginda %178’lere kadar arttig1 gozlemlenmistir. ZA ve
7B zemin siniflarina ait veriler arasinda sadece %5,5’1ik bir
farkin olustugu, ancak zemin smifi ZC oldugunda ise gelen
yiik oran1 %74,4 olarak bulunmustur.

Sonug olarak, yapilarin inga edildigi zeminlerin sinifi ile
herhangi bir deprem aninda yapiya gelecek deprem
kuvvetleri ve bu kuvvetlerin etkisiyle de yapmin kesit
tesirleri biiyilik oranda degistirmektedir. Yapi tasarimlarinda
deprem kuvvetlerin etkisi yadsinamayacak derecede yapiya
etkimektedir.

Cikar catismasi
Yazarlar arasinda ¢ikar ¢atigmast bulunmamaktadir.
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Behram Pasha Mosque is one of the historical mosques, which is the work of Mimar Sinan [1], located in
the southwest of Diyarbakir’s Suri¢i Region.

Georadar (GPR) method is one of the geophysical applications in which possible gaps, fractures, collapses,
etc. damages are determined non-destructively on the walls and floors of historical buildings.

Therefore, in one of the historic mosques in Diyarbakir Behram Pasha Mosque, expert geophysical
engineers carried out the GPR scanning of the grounds and walls without damaging the mosque’s physical
structure.

In GPR surveys, the depth of investigation (penetration) was chosen as 20 m on the ground and 4 m on the
wall. It is aimed to show the anomaly structures in the study area and its immediate surroundings due to
the determination of the underground void structures and the continuity of the surface fractures at the
research depth.

In GPR studies, it has been determined that there are cracks and fractures on the walls of the mosque, of
which the smallest was 12 cm and the largest was 40 cm, water leakage on the ground, deterioration due
to corrosion, and partial collapses. The regions with the detected deformations are marked on the radar
sections.

The study was completed with the thought that the determined structural problems will contribute to the

Doi: 10.24012/dumf.1002241

restoration and strengthening works to be done in the future in the mosque as an up-to-date guide.

* Corresponding author

Introduction

Diyarbakir Suri¢i Region is a settlement center bearing the
traces of culture and civilization where are historical
mosques, churches, bazaars, inns, Turkish baths, and
traditional houses. Except for the Ulu Mosque, which was
built in the 7" century in the Suri¢i Region, most of the
other mosques were built in the 15™-16™ centuries and later

[2].

Behram Pasha Mosque, located in the southwestern part of
the Surici Region, is the only mosque that has a two-row
portico courtyard. According to its inscription, Behram
Pasha, who is one of the governors of Diyarbakir, between
1564-1572, built Behram Pasha Mosque. In “Tuhfetul
Mi’marin”, which describes Mimar Sinan’s works, it is
reported that the mosque is the work of Mimar Sinan [3].

The existing problems in the mosques that have survived
in the Surigi Region were corrected by carrying out
restoration and strengthening works in due course. The

determination of general problems, especially structural
problems in mosques, is done in two ways, instrumentally
and observationally. In addition to evaluating the damage
level by making observational determinations, it is very
important for the restoration and strengthening of the
structures to support the damage levels and the region by
supporting them with instrumental determinations.

In recent years, non-destructive testing methods that do not
damage the historic structure have been widely employed.
Georadar (GPR) method is one of the measurement
techniques made by sending electromagnetic waves to the
damaged areas of the building or to the whole building
scale. Georadar (GPR) is one of the high-frequency
electromagnetic geophysics methods used to investigate
damages on floors and walls. The ease of use of this
method, its fast data collection feature, and the fact that it
does not damage the structure while applying the method
are among the main advantages of this method. In addition,
precise detection of damage with high-resolution 2D and
3D imaging possibilities has been one of the features that
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made this method widespread [4-7], as its working
principle is shown in Figure 1.

(Control ﬂ‘ —

Displaying
Data

] —

Figure 1.Working principle of the GPR device [7]

In this study, measurements in Behram Pasha Mosque were
made with a Zond Python 3 GPR device having 250/100/
50 /38 /25 MHz central antenna with 1.6 GHz and other
outdoor antennas, as indicated in Figure 2.

0
SAAN

TIITIRIAAL |

Figure 2. Georadar scans with Zond Python 3 GPR device
in Behram Pasha Mosque

The current locations and levels of damage were
determined by GPR scans made on the floors and walls. In
the surveys made by expert geophysicists, 20 m on the
ground and 4 m on the walls were designated as the
research depth. Because of the scans made inside the
mosque and in the courtyard, it was determined that there
were cracks and fractures on the walls of the mosque and
corrosion and discharges due to water leakage on the floor.
It has been observed that there are cracks and fractures
especially on the ground of the mosque minbar and its
surroundings after approximately 2.50 m and it is
concentrated in these areas. Cracks and deformations, of
which the smallest is 12 cm and the largest is 40 cm, were
detected in the scans carried out on the walls. The
radargrams achieved as a result of the scans were filtered
and the areas involving structural problems were marked.

Location and architectural features of
Behram Pasha Mosque in the Suri¢i Region

Behram Pasha Mosque is located in the southwestern part
of the Suri¢ci Region, on Bayram Pasha Street in the
Siileyman Nazif District, as shown in Figure 3 a, b. It was
built between 1564-1572 [3, 9] using the traditional
masonry construction technique.

Figure 3. Location of Behram Pasha Mosque in the Surigi
Region

There are two entrances in the Behram Pasha Mosque. The
entrance from Bayram Pasha Street is closed and the
entrance to the mosque is provided from the southeast
direction. There is a five-domed portico in the north of the
square-planned harim and a second portico with a wooden
ceiling in front of it. Braided columns made of limestone
and basalt stone, as can be seen in Figure 4 carry the
portico.

Figure 4. Behram Pasha Mosque (2021)

The structure with its alternating (two-colored) masonry
and stalactite stone decorations collectively resembles
Istanbul mosque architecture in plan layout [10]. It is
entered to the harim of the mosque through a stalactite
crown door with stone ornaments. There are two windows
on the east and west sides of the crown door and a
mihrabiye between the windows. The floor and dome of
the entrance door are decorated with ornaments, as shown
in Figure 5.

Figure 5. Detail of the mugarnas on the crown gate of
Behram Pasha Mosque

There are two rows of the portico in the mosque, one with
a wooden ceiling and the other with five domes, as
demonstrated in Figure 6 a, b.
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Figure 6. The plan layout and northern fagade of
Diyarbakir Behram Pasha Mosque [11]

It is stated in the sources® that the portico with wooden
ceiling was built after the other one. The portico place in
the first row consists of six white stone columns while the
portico in the second row consists of eight columns, two of
which are alternately braided, and two pillars. The height
of the portico with a flat ceiling made of wood is at a lower
level than the first constructed, domed one. The domed
portico, first constructed, and the east and west parts of the
crown door are approximately 40 cm above the floor, and
the wooden ceiling portico is approximately 20 cm above
the ground. There are tension rods between the arches in
the portico. The photographic view of the porticos is
presented in Figure 7 a and b.

Figure 7. The photographic view of portico of Behram
Pasha Mosque (2021)

The minaret in the northwest of the mosque has a
cylindrical form. The honor section is decorated with stone
and its cone is lead-coated. In the courtyard of the mosque,
there is an octagonal fountain with a pointed cone roof and
woven columns, as demonstrated in Figure 8.

Figure 8. Photographic view of minaret and fountain of
Behram Pasha Mosque (2021)

! Tuncer, O. C. (1996) “Diyarbakir camileri “ Diyarbakir Biiyiiksehir
Belediyesi yayinlari. Diyarbakir.

The entrance to the square planned harim is through a
crown door with a stalactite. On the right and left of the
entrance of the harim, there are stairs with stone steps
leading to the mahfil. The entrance to the gibla and rooms
(cells) in the direction of the north is provided by niches.
The square-planned harim was transformed into an
octagonal form with the help of squinches. The dome made
of limestone is seated on an octagonal drum at the top. The
main dome and the domes of the portico are lead-coated,
as shown in Figure 9.

Figure 9. The lead-coated domes of Behram Pasha
Mosque (2021)

Besides, the photographic view of the eastern and southern
interior walls of the harim section of Behram Pasha

Figure 10. The eastern and southern interior walls of the
harim section of Behram Pasha Mosque (2021)

There are three iwan-shaped niches on the east and west
sides of the harim. The vaulted iwans are arranged as two
for each direction due to the crown door and the mihrab in
the entrance region. The bottom of the mahfil region on the
north wall is a flat slab paved with interlocking stones. In
the original form of this floor, no binding material was
used. However, in the restorations made over time, the
spaces between the stones were partially filled with mortar,
as can be seen in Figure 11.

Figure 11. Flat floor made with interlocking stones under
the mahfil (2021)
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Approximately 1 m of the bottom part of the walls of harim
are covered with encaustic tiles. The mihrab is covered
with colored stone material. There is a small mihrab on the
upper part of the east and west walls of harim. There are
mihrabiyes on the east and west sides of the crown gate in
the portico of the mosque, as indicated in Figure 12 a, b
and c.

Figure 12. Encaustic tile decoration in the harim and the
mihrabiye in the mihrab and portico (2021)

Structural problems detected in Behram

Pasha Mosque

Behram Pasha Mosque occupies an important place in
Diyarbakir thanks to its plan layout, construction
technique, and original stonework and decorations. The
mosque has undergone many repairs in the past. However,
no extensive restoration has been carried out in the mosque
recently. For this reason, some structural problems have
occurred in the building over time. An observational field
study was conducted to determine the existing structural
problems in the mosque. During the fieldwork, partial
cracks were detected on the northern fagade of the mosque
and the lintels of the minaret entrance door and window on
the southern fagade, as shown in Figure 13 a, b, ¢. Vertical
cracks and partial level irregularities in the mosque cause
to think possible settlements due to the ground.
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Figure 13. Cracks in the lintels of the Behram Pasha
Mosque (2021)

In the harim, partial material losses occurred on the
windowsills and outer surfaces of the niches defined as the
iwan. There are also mortar losses on the southern and
western fagades of the mosque. There is a loss of material
in the lower and upper column headings of the portico. Due
to the absence of tension rings on the columns, partial
slidings occurred between the column base and the sub-
headings. Temporary solutions were made by filling the

column parts with mortar, as can be seen in Figure 14 a, b
and c.

Figure 14. Material loss in columns and partial axle slip
damage (2021)

Mortar losses and contaminations have occurred on the
fagade due to external conditions. Especially, on the
southern and western fagades that were exposed to the sun,
discharges depending on mortar losses and separations on
the wall have occurred. There are darkening and partial
stone deterioration and moss on the facade surfaces where
pollution is intense, as demonstrated in Figure 15.

Figure 15. Weathering damages and contamination on
fagades (2021)

Some of the lead plates in the domes have been corroded
over time due to the effects of external conditions, and
openings have occurred between some of the lead plates,
as can be seen in Figure 16. There are mortar losses
between the stones on the flying buttresses made of
limestone in the dome. In addition, there are material losses
and deterioration due to pollution in the balcony section of
the minaret, as shown in Figure 16 a and b.

Figure 16. Openings between lead plates and segregation
damages in buttresses (2021)
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Instrumental measurements made by GPR
method in Behram Pasha Mosque

GPR method is the comparison of the changes in the
signals that were produced by electromagnetic waves,
generally manufactured by antennas, with the original
signals during their underground travel and return [12].
GPR signals determine their velocities according to the
physical and chemical conditions of the environment. After
the signals reach the desired point, it starts to collect data.
By knowing the time the signals reach and the speed of the
measuring medium, the investigation depth can be
determined precisely. The travel time of GPR signals is
measured in nanoseconds. The antennas of the measuring
device are fixed or displaced in the range of 2-20 cm [13].

Instrumental surveys were carried out with the GPR
method in order to determine the causes of the structural
problems detected in the Behram Pasa Mosque, located in
the southwest of Diyarbakir Suri¢i Region. In the scans
made on the floor and walls of the mosque, the
investigation depth was chosen as 20.00 m for the ground
and 4.00 m for the walls. Possible deformations were
investigated by scanning with Zone Python 3 device having
high-resolution antennas. During this study, observational
geological and instrumental geophysical studies were
carried out to examine the source(s) of underground
space/voids, the deformations in the ground/wall and the
dimensions of sub-floor surface fractures, geometric
behavior patterns and soil/wall stratigraphic changes.

After the investigation of the geological features of Behram
Pasha Mosque and its surroundings, scanning was started.
The geology of the study area is Miocene and consists of
continental clastics belonging to this age. In the geological
and geotechnical studies carried out in the study area and
its immediate surroundings, lithological ordering from the
ground to the underground; the vegetable soil unit
continues as a clayey unit, clayey sandy unit, and clayey
silty sand unit. Although the stacking changes in the
ground differ locally, in general, the order has not changed
[14].

This study was carried out to determine the causes of the
structural problems in the Behram Pasha Mosque. The
current situation of the structural problems on the floors
and walls has been intended to determine instrumentally.
Non-destructive methods can be used to detect structural
problems in historical buildings without damaging the
building and the GPR method is one of the non-destructive
methods. For this reason, the structural problems in the
mosque, the causes of damage were investigated by
scanning the floors and walls.

2 Radargram: Radar tracks at all measurement points along a profile are
2D radar cross-sections whose horizontal axis (x-direction) is the distance
from the profile starting point (profile length), vertical axis is nanosecond

GPR scanning locations and evaluations on
the ground of Behram Pasa Mosque

In GPR scannings, a surveying depth of 20.00 m was
chosen for the ground. The anomalies and deformations
detected according to the data obtained because of the
scans made on the ground are shown in the radargram
sections?. Ground scans were carried out in the harim,

Figure 17. Photographic view of ground scans of Behram
Pasha Mosque; harim and portico (2020)

The locations of the GPR scanning are marked on the plan
layout of the mosque that presented in Figure 18.
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Figure 18. Locations of GPR scans on the ground of
Behram Pasha Mosque

Behram Pasha Mosque GPR scans of grounds

Scanning at the ground of location 1

70 m profile length and 20 m depth of research were
selected in the ground survey carried out in the southeast
part of Behram Pasha Mosque, GPR 1 (1). According to
the obtained radargram sections, two different levels of the
medium, one is loose unit lying from the ground to 2.5 m
depth and the other one is hard unit starting from 2.5 m and
ending at the 10.00 m depth, were detected in the scanned
area. No deformation was detected in this section (Figure
19).

(ns) recording time (round-trip) when they are aligned with their positions
on the profile [5,15].
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Figure 19. Radargram section of the ground of location 1

Scanning at the ground of location 2

A profile length of 30 m and a surveying depth of 20 m was
designated at the southwest of the mosque, location number
2. According to the obtained radargram sections, two
different levels of the medium, one is loose unit lying from
the ground to 2.5 m depth and the other one is hard unit
starting from 2.5 m and ending at the 10.00 m depth, were
detected in the scanned area. In this region, subsidence
deformations between 2.5 m and 6.00 m were detected. It
was determined that there are stack changes between 6.00
m and 9.00 m (Figure 20).
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Figure 20. Radargram section of the ground of location 2

Scanning at the ground of location 3

In the harim of the mosque, namely location number 3, no
deformation was detected except for the changes in the
stack (Figure 21).
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Figure 21. Radargram section of the ground of location 3

Scanning at the ground of location 4

In the scans made in the direction of the entrance door of
the harim and mihrab, in other words at location number 4,
two collapsed deformations were observed. It was

determined that the first collapse is between 1.00 m and
4.00 m, and the second collapse is between 1.00 m and 6.00
m (Figure 22).
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Figure 22. Radargram section of the ground of location 4

Scanning at the ground of location 5

According to the obtained radargram sections, two different
levels of the medium, medium-loose unit between 0 and 2.5
m depth and medium-hard unit between 2.5 m and 10.00 m
depth, were detected in the scanned area. In this part of the
mosque, no deformation was observed except for the
changes in the stack (Figure 23).
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Figure 23. Radargram section of the ground of location 5

Scanning at the ground of location 6

In the scans made under the mahfil on the northern fagade
of the mosque’s harim, a medium-loose unit up to 2.50 m
and a medium-hard unit between 2.50-10.00 m were
identified.

According to the radargram sections and velocity analyzes
obtained, it was determined that there was a dense water
structure after 12.50 m. Partial collapse deformations are
thought to occur in areas where water is concentrated
(Figure 24).
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Figure 24. Radargram section of the ground of location 6
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Scanning at the ground of location 7

In the GPR surveys made in the northeast direction of the
first portico, it was determined that the ground was
medium-loose unit up to 2.5 m and medium-hard unit
differentiation between 2.50 m and 10.00 m. Intense water-
saturated areas were detected in the 1.00-5.00 m range of
the scanned area. There are partial collapses in these areas
(Figure 25).
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Figure 25. Radargram section of the ground of location 7

Scanning at the ground of location 8

In the scans made in the northwest of the first portico of the
mosque, it was observed that there is a medium-loose unit
up to 2.5 m and a medium- hard unit in the range of 2.50-
10.00 m. In this part of the portico, it has been determined
by radargram sections that there is no deformation except
for the stack changes (Figure 26).
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Figure 26. Radargram section of the ground of location 8

Scanning at the ground of location 9

GPR scans made in the second portico of the mosque
revealed a gap of 2 m in diameter at a depth of 1 m between
the depth of 1 m and 8.00-10.00 m (Figure 27).
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Figure 27. Radargram section of the ground of location 9

Scanning at the ground of location 9

GPR scans made in the second portico of the mosque
revealed a gap of 2 m in diameter at a depth of 1 m between
the depth of 1 m and 8.00-10.00 m (Figure 27).
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Figure 27. Radargram section of the ground of location 9

Scanning at the ground of location 10

In the georadar scans made in the courtyard of the Behram
Pasha Mosque, a 90-m profile length and a research depth
of 20.00 m were selected. It has been determined that there
are a medium-loose unit up to 2.50 m, a medium-hard unit
between 2.50-11.00 m, and three different levels where
firmness increases. It has been determined in the radargram
sections that there are two void structures and flooded areas
on the courtyard floor after 18.00 m. It is thought that the
parts that receive water originate from the fountain in the
courtyard (Figure 28).
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Figure 28. Radargram section of the ground of location 10

Behram Pasha Mosque GPR scans of walls

In the Behram Pasa Mosque, GPRscans were made on the
walls in the harim (Figure 29 a and b). In the scans made
on the walls, the profile dimensions were taken as variable
and the depth of the survey was chosen as 4.00 m.In some
of the walls in the harim region, gap deformations due to
cracks and fractures were detected.
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Figure 29. Locations and applications of GPR scans done
on the mosque walls

Scanning at the wall of location 1

In the radargram sections obtained as a result of the scans
made on the southeast walls of the harim and mihrab, no
deformation was observed at the inner wall till a depth of
1.25 m. However, after a depth of 1.25 m, a corrosion
structure caused by water leaks was determined (Figure
30).
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Figure 32. Radargram section of the wall of location 3

Scanning at the wall of location 4

Numerous cracks and fracture deformations were detected
after 2.50 m in the radargram section obtained as a result
of the scans made on the entrance door of the harim and the
northeastern wall. It is thought that these deformations will
increase the structural problems in the mosque over time
(Figure 33).
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Figure 30. Radargram section of the wall of location 1

Scanning at the wall of location 2

According to the radargram sections obtained as a result of
the scans made on the southwest wall of the harim, it was
determined that there were deformations due to corrosion
after 1.50 m from the inner wall to the outside (Figure 31).

Figure 33. Radargram section of the wall of location 4

Scanning at the wall of location 5

It has been determined that there is 1 crack deformation at
a depth of 2.00 m in the radargram sections obtained as a
result of the scans made on the eastern wall of the harim
(Figure 34).

Figure 31. Radargram section of the wall of location 2

Scanning at the wall of location 3

In the radargram sections obtained after scanning on the
wall in the northwest direction of the harim, it was
determined that there were cracks and fracture
deformations after 1.00 m of the wall. There are also cracks
in the lintels on the outer parts of these walls (Figure 32).
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Figure 34. Radargram section of the wall of location 5

Scanning at the wall of location 6

GPR scans were made on the northern wall including the
entrance to the harim. In the radargram sections, broken
deformations were detected on the walls in both directions
of the entrance door with a size of 7 cm at 2-m depth
(Figure 35).
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Figure 35. Radargram section of the wall of location 6

Conclusions and recommendations

Diyarbakir Behram Pasa Mosque is one of the historical
mosques in the Suri¢i Region, which has an important
place in terms of its original architecture and construction
technique. Behram Pasha Mosque, which is different from
the classical Diyarbakir mosques with its technique and
style, is actively used today. Original stonework, two rows
of the portico with domed and wooden ceilings, and
alternating knitted columns and facades have an important
place in our architectural heritage.

In order to determine the structural problems of Behram
Pasha Mosque, observational determinations were made in
the field study. GPR scans were made with the thought that
the vertical cracks in the lintels may occur due to the
ground, and it was determined that there were discharges
on the ground where the crack damage was located. In the
structural problems of the mosque, cracks, fractures,
weathering, material loss damages due to natural
conditions were examined and GPR scans in these areas
were increased.

Although restoration work was carried out in the mosque
in the past, the GPR method was not used on the floors and
walls in the previous studies. For this reason, it is the first
time, this type of study was applied to this mosque. In this
study, after the observational determination of the
structural problems of the mosque, the GPR method was
used to determine the damage levels of the existing
problems on the ground and load-bearing walls. Scans that
do not harm the structure were made with the GPR method.
The deformations detected in the radargram sections
obtained after the scans were marked, and the status and
levels of the structural problems in the mosque were
determined.

According to the results obtained from the scans;

e It has been determined that there are generally two
different soil groups in the ground: medium-loose units
up to 2.50 me and medium-hard units between 2.50-
10.00 m. In the surveys made in the courtyard, the floor
group was divided into three groups.

e During the scans made in the harim, deformations in the
form of collapse and stack changes were detected on
the floor between the entrance and the mihrab.

e |t was detected that there are areas with water leakage
in the northern fagade of the harim and the northeastern
part of the portico.

¢ In the scans made on the ground of the region, which is
the second portico, it was observed that there were
partial discharges and collapses.

e It was shown in GPR sections that there are areas
exposed to water on the ground of the courtyard and its
environment (the grounds at locations 6 and 7)

e It is thought that the discharges and collapses on the
ground are responsible for the formation of structural
problems in the mosque.

e It was determined that the smallest of the fractures at
the walls was 12 cm and the largest was 40 cm.

e Corroded structure areas have been detected in the
areas with water leaks on the walls. It was observed that
there was contamination on the fagcade walls of the
mosque, material loss in the columns, and partial axis
shifts.

It was recommended in Behram Pasha Mosque, which is

among the important mosques of the city:

e The preparation of comprehensive survey and
restoration projects in their current form will facilitate
the restoration works in the mosque.

e In light of the findings and data obtained from the
ground surveys, examination pits should be opened in
several places in the mosque and the physical condition
of the ground should be determined. The physical
determination of the deformations detected in the
ground by GPR scans by opening the research pits will
contribute to the improvement and strengthening
applications.

o Reinforcement projects should be prepared in areas
where are collapse deformations on the ground and
appropriate solutions should be produced.

e The mosque should be restored and the damaged
materials should be completed in accordance with the
original to eliminate the deformations detected on the
mosque walls and the existing damages on the facade.

e Mosque domes should be replaced with new ones due
to corrosion of the existing tension rods in order to
prevent the opening of the arches.

As a result of this study, structural problems were observed
in the Behram Paga Mosque and the study was enriched
with GPR scans, which is one of the non-destructive
methods [16] [17]. With the thought that the study will be
a viable current example for all historical buildings in the
city, the surveys and determinations were carried out
sensitively and the study was completed.
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ARTICLE INFO ABSTRACT

Article history:

Geosynthetics have been used in many construction and environmental projects in recent years, and the
use of geosynthetic products as an effective element is increasing. These materials, as reinforcement, can
solve the problems of building heavy structures and roads on weak soils without the need for excavation
or filling, foundation, and sub-foundation operations. In this study, using different number and type of
geosynthetic materials with two types of soil profiles in different layers of these soils, settlement of these
soil layers are investigated. The road superstructures consist of three layers. Different geosynthetic are
modeled with the finite element program, PLAXIS, to examine the modeling results. By application of
Geogrids as different layers of the road, the amount of settlement decreases significantly. It can be seen
that the most reduction occurs in application of three geogrids in soil profile though the total displacement
decreases by increasing the number of geogrids. On theother hand, it can be concluded that application of
geotextiles does not affect the settlement regardless of the layer numbers. Moreover, it can be concluded
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that the order of soil layers does not have any significant effect on the settlement rate.
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Introduction

Due to critical problems of soft soils such as low bearing
capacity and high settlement, there are different methods of
strengthening the soils for soft soils which include
mechanical and chemical improvement of soils. These
methods generally increase the resistance and load-carrying
capacity. This reduces the potential for soil swelling and
shrinkage. On the other hand, natural fibers have been used
for a long time to overcome the weakness of soils against
tensile stress, and today, with the development of various
sciences, polymeric materials such as geosynthetics are
used. Geogrid and geotextile lead to an increase in their use
in ground structures, increase in bearing capacity, and
decrease in the volume of ground treatments, rapid
application, and compatibility with the natural environment
[1]. By increase in the tensile strength of the geotextile
reinforcement, the safety factor increases [2]. Since
displacement does not have a significant effect on
increasing the tensile strength of the geotextile, this
parameter has been neglected in determining the optimum
tensile strength of the geotextile [3]. Several authors have
investigated the effect of geosynthetics on soil layers. Using
the case of two layers of geogrids, Bayram concluded that
the amount of settlement in the thinner section was reduced
by 4.01 mm. Although the filling thickness was decreased
by 42.5 cm, it was observed that the amount of settlement

decreased [4]. In another study, use of pavement geogrids
of flexible roads and the output results with the PLAXIS 2D
program showed the beneficial effects of the axial stiffness
of the geogrids in the base layer and the interfacial strength
of materials of different thicknesses on the vertical surface
deformation. Vertical surface deformation did not decrease
much when using a geogrid [5]. Studies on the slope
reinforced with geosynthetic material depicted that
reinforced slope is safer and gave better settlement and
shear stress results [6]. The desired improvement has not
been achieved in the single geosynthetic reinforced state
under the foundation. A relatively more load-sitting
behavior was exhibited in models with multiple
reinforcements (N = 2 and 3) [7]. Unlike the properties of
geotextiles, environmental factors (the environmental
pressure at which the experiments are conducted) can affect
test results, especially at normal pressures, the effect of
other factors is reduced [8]. Later on, it was shown that
Geogrid increases the stability of the road and extends the
life of the road and offers economical solutions in terms of
cost. On the other hand, the decrease in the filling thickness
shortens the construction period [9]. It was shown that
undrained shear strength increases when geotextiles are
used [10]. Moreover, Geosynthetics prevent the separation
of soil layers and provide soil drainage. It provides long and
short-term stability in the use of geosynthetics in fill
foundations, limits different settlements, and can prevent
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slumping [11]. It was also proven that Geogrids, first of all,
provide the compression of the foundation layers and then
they increase the strength [12]. The use of geogrids applied
in the upgrading process has provided economical, fast,
stable and useful, and functional solutions [13].

In the above mentioned studies, limited number of layers
were investigated. Moreover the effect of soil types and the
impact of layer orders in settlement has not been
investigated carefully. Furthermore, the impact of the
number of the geosynthetic layers on the settlement of soft
soils is missing. This study aims to highlight these
shortcomings.

Materials and method
Material models

In this study, different soil profiles and geosynthetic
materials have been studied. With a generally uniform
cross-section, loading scheme, and a large extent in the z-
direction, the plane strain model is suitable for
implementation. Normal stresses are fully considered in the
z-direction, but displacements and strains are assumed to be
zero. A 15-node mesh is consiedered in this study.The
difference between soil profiles depends on how accurately
the soil has to be stressed in its mechanical behavior. The
design for each model defines the relationship between
stress and strain in the material. In the models, different
layers with two different soil types are used as asphalt,
foundation, sub-base ,and ground sub-base. Using different
geosynthetic materials as shown in Figure 1, the settlements
of this different soil are compared. A total of 14 models

were formed on these two soils and analyzed with the
PLAXIS program. The road width is 7.30 and a two lane
road with a shoulder width of 1m for each lane has been
chosen [14, 15]. Pavement slope (2-3%) and shoulder slope
(2-3%) are selected [15]. These models were named as
model Al (with no geosynthetics, two clay liners and one
sand), model B1 (no geosynthetics used, sand layer under
the foundation), model A2 (single layer geogrid in the
middle of asphalt), model B2 (single layer geogrid in the
middle of asphalt), model A3 (middle of asphalt, sand and
two layers of geogrid used between subbase), model B3
(middle of asphalt, two layers of geogrid between sand and
subbase), model A4 (middle of foundation, two layers of
geotextile between foundation and subbase), model B4
(middle of foundation, foundation and two layers of
geotextiles are used between the sub-base), model A5
(single layer geogrid is used in the middle of the
foundation), model B5 (single layer geogrid is used in the
middle of the foundation), A6 (mid-asphalt, between
asphalt and foundation, between foundation and sub-base,
sub-base and Geogrid was used in four layers between
clay), B6 (mid-asphalt, between asphalt and foundation,
between foundation and sub-base, between subbase and
sand), A7 (asphalt and foundation, a Geogrid and geotextile
are used in two layers between the foundation and clay in
two layers, the middle of the foundation, the two layers
between the foundation and the subbase), B7 (between the
asphalt and the foundation, the subbase and the sand, two
layers of geogrid and the middle of the foundation, two
layers of geotextile between the foundation and the subbase
are used).
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(Linear isotropic elasticity) model

The Liner Elastic soil model is the simplest stress-strain
relationship found in PLAXIS. This model has only two
input parameters, Young's modulus, E, and Poisson ratio, v.
Such a model is not suitable for explaining the complex
behavior of the soil but is suitable for modeling larger
structural members and bedrock layers.

Mohr-Coulomb model

Mohr-Coulomb is an elastic-plastic model containing five
input parameters, E and v for soil elastic, ¢ and ¢ for soil
plasticity, and angle. It is recommended to use Mohr-
Coulomb for the evaluation of initial deformations. This is
because other advanced models need more ground data than

Mohr-Coulomb. Mohr-Coulomb model has been well able
to model soil behavior [16] and the full plastic floor
behavior is done with this model.

Features of Geosynthetics

Geogrids are thin structures that have normal stiffness but
no bending stiffness. Geogrids can only handle tensile
forces and do not compress. These objects are often used to
model ground reinforcements. Geogrids are modeled using
"geogrid” elements that have only one (axial) degree of
freedom at each node and cannot handle compression
forces. The material and geometric properties used in
modeling the geogrid are given in Table 1.

Table 1. Geogrid and geotextile properties

Parameter Name Symbol Unit Value Reference
Geogrid EA kN/m 1x10° [17]
Geotextile EA kN/m 10x10° [5]

Geogrid and Geotextile Layout and Functions in Road Coverings

Geogrid and geotextile are used from geosynthetic materials. These materials are as shown in figure 2 for road pavements

[24].

Separation

Containment

Reinforcement

Figure 2. The purpose of the distribution of geosynthetic materials on the road [24]

These are on different soils, different layers of soils with different numbers of different materials were used in Figure 2 and

examined with the PLAXIS program.
Loading Areas and Quantity

In the loading section, a vehicle weighing 29000 kg has been selected which corresponds to 6 tire loads. In this study, each

tire transfers a load of 246.2 kN/ m? to the ground [18].

‘ 7,30 m |

Asphalt covering

Sub:Base Crushed stone
Foundation € rushed stoné

Soil

Figure 3. Width of the road, and loading areas
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Soil Properties Used in Plaxis

Mohr-coulomb model is accepted as a first order approximation of real soil behavior. This elastic- perfect plastic model
requires five basic input parameters: Young's modulus (E), Poisson ratio (v), cohesion (c), friction angle (¢) and dilatation
angle (y). In tablel, all parameters (including ground, sub-base, foundation , and asphalt properties) used in modeling are
given.

Table 2. soil, subbase, foundation and asphalt Parameter properties

Parameter Symbol | Asphalt Sub Base | Foundation | Sand Clay-1 Clay-2
coering

Crushed Crushed

stone stone
Material model LE MC MC MC MC MC
Behavior type No drain Drained Drained Drained No drain No drain
Dry unit weight Yunsat 235 20 22 18 19 20
[KN/m?]
Wet unit volume | ysy - 22 24 21 20 22
weight
[KN/m?]
Permeability in Kx - 1.000 1.000 5%1073 0 0
X direction
[m/day]
Permeability in Ky - 1.000 1.000 5x1073 0 0
Y direction
[m/day]
Young's modulus = Eso 120x10° 100x103 120x103 25000 1.4x10* 7.5x10%
[kN/m?]
Poisson ratio [-] v 0.3 0.35 0.35 0.35 0.2 0.2
Cohesion C - 30 20 0.025 10 20
[kN/m?]
Angle of internal = ¢ - 43 44 40 25 25
friction [°]
Angle of 4 - 13 14 10 0 0
Dilatation [°]
Reference - [22] [19] [20] [23] [21] [21]
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Discussion and conclusions

In this study, the beneficial effects of using different layered geosynthetics are investigated. Modeling was analyzed with
the PLAXIS program used in the study. The output results show the beneficial effects of the axial stiffness of geosynthetics
in the base layer and the interface strength of materials with a different base layer thickness on settlement, as it is shown in
the figures.
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Figure 5. Settlement of different profiles with respect to depth

Results were determined for various parameters different
for each model. These models are modeled without geogrid,
using one or more layer geogrid, one or more layer
geotextiles and these two products together in different
layers. The two tires applied in these models transfer the a
load of each tire to 246.2 kN/m? of force. The model (A1)
and model (B1) are shown in Figure 4 (Al, B1), which
shows the total settlement results obtained without using
geosynthetic materials. The settlement amount for model
Al is 6.09x10°m and for model 2 the total displacement is
6.37x10°m. By comparison of these two models, it can be
revealed that the order of sand clay liners have insignificant
effect on the settlement of the embankment. Model (A2)
and model (B2) are formed applying a single layer geogrid
depicted in Figure 4. This means that two tires applied in
the same models transfer the load of each tire 246.2 kN /m?.
In Figure 4, the seating amount for model A2 is 6.09x10°m
and for model B2 the total seating is 6.37x10°m.
Comparison of A1.B1 with A2 and B2 shows that in case
of using a single layer of geogrid, the settlement does not
change. In model (A3) and (B3) models, the amount of
double layer geogrid settlement is formed as in Figure 4. In
this way, the settlement amount appears to be a descent. In
Figure 4, the settlement amount is calculated as 5.79x10°®
m for model A3 and 6.13x10° m for model B3. It can be
concluded that if the two upper layers are clay, double layer
is more effective than the sand as the upper layer. Model
(A4) and (B4), double layer geotextile settlement amount
was formed as in Figure 4. The amount of seating is
calculated as 6.09%x10 m for model A4 and 6.37x103 m for

model B4 which does not have any effect with regard to the
original case (Al and B1). In (A5) and (B5) models, the
total displacement for single layer geotextile is formed as in
Figure 4. The settlement amount for model A5 was
calculated to be 6.09x10°m and model B5 to 6.37x10°m.
In (A6) and (B6) models, the amount of settlement in the
four-layer geogrid situation was formed as in Figure 2. The
settlement amount for Model A6 is 5.73x10°m and for
model (B6) the total displacement is calculated as 6.08x10-
3m. It is clear that increase in the number of geogrids has a
effective impact in reduction of settlement though the rate of
reduction decreases in application f four geogrid layers. For
models (A7) and (B7), the total displacement for two-layer
geogrid and two-layer geotextile is 5.78x10° m and for
model (B7) the total displacement is 6.12x107° m.

Figure 5 (a) and (b) compares and summarizes the
settlement rate at different layers of the soil at point x=0
using geogrids and geotextiles.

Modeling results

Considering the applied analysis, finite element software —
PLAXIS- is capable of modeling the infrastructure of the
paths appropriately. Analysis were performed using plane
strain model. In plane strain, the strains out of plane (z-
direction) are assumed as zero, therefore the depth of the
model is set as zero. In these models, geosynthetics (geogrid
and geotextile) are applied in different depths, different
layers and different geosynthetic numbers according to the
placement. Geosynthetic materials have been given a
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suitable solution to strengthen the sub-base and foundation
in clay and sandy soils. The results obtained when using
geosynthetic material in the foundation and subbases of the
roads are presented as follows:

At the moment of the load transferred by the two tires of the
vehicle, the first layer of clay soil was found to have less
settiment than the first layer of sandy layer.

After application of geosynthetics in different layers of the
road, the safety count decreased significantly,-Msf
decreased. There is no effect on the use of single layer
geotextiles and geogrids in models.

In the use of two-layer geogrid in models, the total
displacement shows a decrease of 4.926% compared to the
use of no geosynthetics. Application of geosynthetics seems
to have no effect on the settlement reduction in all the cases.

Application of four-layer geogrid decreases the settlement,
though the rate of reduction is not as severe as the case of 3
geogrids decrease. It can be concluded that the formation
and order of layers with different soil types ( clay and sand)
does not have any significant effect on the settlement rate.
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